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ABSTRACT: The community composition of denmitnfying bactena was studied m the stratified water
column of Lake Kinneret. The nitrite reductase genes mirS and mirK were amplified by PCR from
water samples taken at 1, 14, 19 and 22 m depth, which represent the epi-, meta- and hypolimnion of
the lake. The PCR products were analyzed with terminal restriction fragment length polymorphism
(T-RFLP) and clone libraries. The highest diversity of nirS denitrifying communities was observed at
1 m depth. According to the T-RFLP profiles and clone ibranes of nrS products, 2 groups of denitn-
fiers were common to and dominant in all depths. Deduced protein sequences from one of these
groups displayed low 1dentity (77 %) with other mirS sequences reported m GenBank. Denitnfying
bactenal communities with nrK were most diverse at 22 m and showed highest similanty to those at
19 m depth. Sequences unrelated to nirk’ dominated the clone libraries from 1 m depth, suggesting
that denitnfying bactena with copper-containing nitnte reductase were less frequent at this depth.
The results suggest that microorganisms with nirK and those with mrS respond differently to the

environmental conditions in the stratified water column of Lake Kinneret.
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INTRODUCTION

Biological demitnfication 1s a respiratory process in-
volving electron transport phosphorylation and de-
fined as the enzymatic reduction of nitrogen oxides
with the production of nitric oxade (NO), nitrous oxide
(MNz0) and dinitrogen (Nz) gases. The final product and
the mtermediates are released into the atmosphere so
that fixed mitrogen 1s transformed into less bioavailable
forms of nitrogen (Knowles 1982).

Deminfying bacteria are a diverse group of micro-
organisms defined by their common respiratory physi-
ology. They are facultative anaerobes that can switch
from oxygen to nitrogen oxides as terminal electron
acceptors (Knowles 1982 Philippot 2002). Two struc-
turally different mitnite reductases that carry out the
same reachon are found among denitnfiers. One,
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encoded by the nirK gene, contains copper (Cu-Nirj,
and the other, encoded by the mirS gene, contains
cytochromes c and d, (cd;-Nir) (Zumft 1997). The gene
nir5S 1s part of a cluster containing several other genes
involved in the production of the active enzyme (Zumft
1997, Philippot 2002). The gene nirkK does not seem to
belong to a gene cluster, with the only exception of
mitnfying bactena in which it has been observed as
part of an operon (Beaumont et al. 2005). So far, only 1
of these 2 genes is found in any particular denitnfying
strain, but different strains of the same species may
contain different nir genes (Coyne et al. 1989).

Using the nmitnte reductase genes as funchional mark-
ers, the community composition of denitnifying bacte-
ria has been studied mn different habitats, including soil
(Avrahami et al. 2002, Prieme et al. 2002, Rosch et al.
2002), groundwater (Yan et al. 2003), estuarine sedi-



ment [Nogales ot al. 2002), marine sediments (Braker
et al. 2000, 2001), aquifers (Santoro et al. 2006), sea-
water (Jayakumar et al. 2004, Castro-Gonzalez et al.
2005) and the oxygen mimimum zone of the Black Sea
(Oakley et al. 2007). In marine environments a shift in
the community structure of norS denitnfying bactena
occurs along the physical-chemical gradient in the
stratified water column (Castro-Gonzalez et al. 2005,
Oakley et al. 2007). However, similar studies have
never been carned out in stratified freshwater lakes.

Lake Kinneret is a monomictic subtropical fresh-
water lake located in the northern part of Israel. The
water column shows a distinct seasonal pattern of
chemical stratification characterized by changes m the
concentration of dissolved oxygen, nitrate and sulfide.
During the period of mixing (December to Marchj, the
concentrations of oxygen and nitrate are high through-
out the water column. With the onset of thermal strati-
ficabion m Apnl, followed by the degradation and
decomposition of the massive bloom of the dinoflagel-
late Peridinfum gatunense mm May, oxygen is con-
sumed and gradually depleted in the hypolimnion so
that anoxic conditions anse. At the onset of anaerobio-
sis, the activity of demitnfying bactena in the ancxic
hypolimnion leads to the use of nitrate. After depletion
of the nitrate, sulfate reduction becomes the dominant
microbial process in this layer ([Hadas & Pinkas 19935,
Eckert et al. 2002).

Dunng stratification, the disinbution of demtnfying
communities in the water column is unknown, but is
probably coupled to nitrification in the chemocline. We
apphed molecular techniques combining PCR amplifi-
cation, terminal restniction fragment length polymor-
phism (T-RFLP] and clone library analysis to examine
the community composition of denitnfying bactena at

various depths of the stratified water column of Lake
Kinneret,

MATERIALS AND METHODS

Site description. Lake Kinneret 1s situated m the
northern part of Israel at 210 m below sea level. The
lake 1s siratified from May to December. All water
samples were collected on the same
day at S5tn A [maximum depth 42 m)
m October 2004, dunng the stable
stratification penod. The composition

limnion [lower dissolved oxygen concentrations and
decline in temperature), and 19 and 22 m the lower
metalimnion and hypolimnion {anoxic water), respec-
tively.

DNA extraction and PCR amplification of nirS and
nirK genes. Water samples (400 ml} were hltered
onto 0.2 pm pore size filters (Supor-200, PALL Life
Sciences), and stored at -18°C. DNA was extracted
using the UltraClean Soil DNA kit (MoBio) following
the manufacturer's guidelines. Concentration and
quality of the DINA was checked by electrophoresis
0.8% agarose gels stained with ethidium bromide.
For nrS amplification the primers cd3aF (Michotey et
al. 2000) and R3cd [Throback et al. 2004} were used.
For nirK the primers FlaCu and 3Rcu (Hallin & Lind-
gren 1999) were applied. These pnmer sets were
selected according to the results of a recent re-evalu-
ation of pnmers for amplifying genes involved in den-
itnfication in which these combinations performed
the best for cultured strains and environmental sam-
ples (Throback et al. 2004). PCR reachons were car-
ned out as mentioned elsewhere (Halhin & Lindgren
1999 Throback et al. 2004) except that the annealing
temperature was increased to 57°C. The expected
size of the products was about 410 bp for nirS and
470 bp for mrk.

T-RFLP. In total 8 samples were analyzed with T-
RFLP. PCR products that had been punfied with mulh-
screen plates (Millipore) were diluted 1:100 in auto-
claved HPLC water and used as template for reaction
with the labeled primers R3Cd-HEX {nirS) and FlaCu-
FAM [nirK). To minimize the effect of PCR dnft factors
(Polz & Cavanaugh 1998), each amplification was car-
ned out in tnphicate. The products were pooled, pun-
hied using the (haquick PCR Punfication Kit ((hagen)
and quantified in the gel using Molecular Analysis
software (BioRad). The labeled product {20 to 40 ng)
was digested with the restnction enzymes Haelll, Alul
and Mspl (New England Biolabs), respectively.
Hestnictions were carmed out in 10 pl with 10 U of
enzyme and 1x the mmdicated buffer. After overmight
digestion at 37°C the reactions were mcubated for
10 min at 95°C to mactivate the restnction enzymes.
DNMNA was ethanol precipitated (BigDye 3.1v sequenc-

Table 1. Chemical charactenstics at the samphng depths. NTU = nephelometer
turbadity units, Splond = electncal conduchwity

Eff the demtn.ijrmg bacterial communi- Depth  Temp Driszolved oxygen SpCond Turbidity pH Redox
hes was ﬂ]]ﬂi}'EE‘d at 4 dEpH]S of the |m}) (°C] (% saturation] (mg l-'lb {mS EI:I:I."'] {NTLUj fmV}
water column, defined by their chemi-

cal charactenstics (Table 1j: 1 m rep- 1 28.0 922 7.4 1.0 L5 g8 1500
resented the oxygenated surface i‘; gg'? 2?'2 ;'? :':1" E'g 3; :23'3
mixed layer of the epilimnion, 14 m 22 18.2 16 0.2 11 01 76 —205.0
the boundary between epi- and meta-




ing kit manual, Applied Biosystems), and resuspended
m 9 pl of high-denatunng formamide mixture contain-
ing the size standard ROX-500 {Applied Biosystems).
Resinchon fragments were separated i an ABI 3100
automatic sequencer with the GeneScani6-POP4
defaunlt module.

Data analysis. Data were analyzed using GeneScan
3.1 software [Applied Biosystems). Values of peak
height were normahzed relative to the sample with the
lowest fluorescence and the threshold of peak detec-
tion set to 50 relative fluorescence umts (FU) of the
normalized data. After normalization, a table with the
relative peak height of each terminal restriction frag-
ment [T-RF) was constructed. Statistical analyses were
carned out with Pnmer b software (Pnmer E) and Sta-
tistica G (Statsoft), as descnbed elsewhere (Wolsing &
Prieme 20(M]. In the prnncipal component analysis
([PCA) the samples were classified based on the pres-
ence or absence of T-RFs. Additionally, the environ-
mental vanables shown in Table 1 were included as
secondary vanables in the PCA. Thesa secondary van-
ables were also classified based on the 2 pnincipal com-
ponents calculated with the presence/absence matnx
of T-RFs. Simulation of T-RF profiles of the clones was
carried out with the program TRiFLe (P. Junier et al.
unpubl.]. This program simulates PCR and restnchion
reactions with those sequences that can be detected
with the selected primers, producing a list of T-RFs
that can be compared with the expernmental T-RFs
obtained from the environmental samples.

Cloning. In order to minimize PCR errors, the proof-
reading Pfu DNA polymerase [Promega) was used to
produce the PCR products for cloning with the Zero
Blunt PCR Cloning Kit (Inwvitrogen) according to the
manufacturer's guidelines. Products from 3 indepen-
dent PCRs were combined, concentrated on a Mulh-
screen plate (Millipore), and agarose gel-purnified
using the Gel Extraction Kit (Chagen). Forty-eight
clones were picked randomly from each cloning and
checked for inserts of the expected size by PCR with
the plasmid-specific pnimers M13f/M13r, and agarose
electrophoresis. For screening of these clones, one-
shot sequencing with M13f primer was performed
using the BigDye terminator v3.1 cycle sequencing kit.
Sequences were analyzed with an ABI 3100 Genetic
Analyzer (Applied Biosystems) according to the manu-
facturer's recommendations. The resuliing nucleotide

sequences were compared with sequences in the
GenBank database by using ftranslated BLASTX

(Altschul et al. 1997) on the NCBI homepage (http://
blast.nchi.nlm.nih.gov/Blast.cgi). Clones were grouped
according to the BLAST results. From each group 1
clone was selected for sequencing of both strands.
These sequences have been deposited in GenBank
under the accession numbers EF623493 to EFG23527.

Phylogenetic analyses. Phylogenetic analyses were
carmed out with the software ARB [www.arb-
home.de). Databases of mrS and nrK were created
using all sequences available in GenBank. Phyloge-
netic trees of protein-coding genes were constructed
from amino acid sequences with the PHYLIP subrou-
fine in ARB, in which a neighbor-joining algornthm
used results of a substitubion matrix calculated with the
Jones-Taylor-Thornton (JTT| model.

Nitrogen species (NH;*, NO;, NOy) concentration
measurements. Lake water samples were hltered
through a 0.45 pm filter (S&3), and then NH,*, NO,
and NCy concentrations were measured spectropho-
tometnically by Standard Methods or with a Flow
Injection System (QuikChem 8000 Automated lon
Amnalyzer, Lachat Instruments).

RESULTS
T-RFLP analysis of nirS and nirk

Nitrate concentrations were about 25 pg 1! in the
epilimnion (1 and 14 m) and undetectable below 18 m.
Ammonium concentrations were low in the epilimnion
{~25 pg 1Y) and increased in the thermocline/chemo-
cline, reaching values of 500 pg I"* at 22 m.

The enzymes that produced the highest number of T-
RFs in the water samples were Alul (13 T-RFs) for nirS
and Haelll (20 T-RFs) for nirK (Figs. 1 & 2).

Differences in the community structure between
the samples were analyzed based on the relative fluo-
rescence of each T-RF i the T-RFLP pattern. In the
community of denitnfying bactena with nrrS, a single
T-RF (221 bp; Fig. 1) was found most frequently at all
depths. Three additional T-RFs (49, 232 and 405 bp)
were also common to all samples. These 4 T-RFs re-
presented between 79 and 99% of the total fluores-
cence In the samples. The community of denitnfiers
containing mrS at 1 m was the most diverse and
contained several umique T-RFs (76, 131, 204, 221 274
and 374 bp).

The community structure of denitnfying bactena
carrying mrK changed more substantially with depth
than those containing mirS (Fig. 2). Although the nirK
T-RFs 173 and 231 bp were common to all samples,
each depth was dominated by a different T-RE. At 1 m
depth, the dominant fragment was the T-RF 264 bp,
which also appeared at 14 and 19 m, but not at 22 m.
The T-RF 59 bp was observed at depths of 14, 19 and
22 m, but not at 1 m. At 22 m it represented the major
proportion of fluorescence. The community of denitn-

fiers containing mirK was more diverse at 22 m depth
and showed several distinctive T-RFs (97, 100, 111, 159

and 162 bp).
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Fig. 1. T-BFLP analysis of mirS PCR products digested with
Alul. T-RF sizes (bp) are shown on the right. T-RFs that were

assigned to clones in the hbranes are shown in color

Statistical analysis of T-RFLP

To determine the underlying community structure,
results from resinctions with Haelll, Alul and Mspl
were combined and analyzed by multivanate statisti-
cal analysis. Three ordination methods were used:
PCA, multidimensional scaling (MDS) and cluster
analyses of T-RFLP profiles. The results from the dif-
ferent methods were consistent and therefore only
results from PCA are shown (Fig. 3).
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Fig. 2. T-RFLP analysis of mrK PCR products digested with
Haelll. T-RF sizes (bp} are shown on the right. T-EFs that

were assigned to clones in the hbranes are shown in color

In the PCA of the T-RFLP of mrS, the first principal
component (PC1), which accounted for 56% of the
variance, separates the 1 m sample from the other
depths (Fig. 3A). This separation 15 explained by the
presence of several unique T-RFs that appeared only at
the 1 m depth and distinguished this community from
the others, e.g. the T-RFs 76, 131, 204, 221, 274 and
374 bp from the digestion with Alul (Fig. 1). The sepa-
ration of the nirS denitrifying communities at 19 and
22 m from those at 1 and 14 m coincides with differ-
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Fig. 3. Poncipal component analysis (PCA) of T-RFLP patterns of nirS and nirK. (A] PCA of nirS. (B) Separation of environmental

variables analyzed as secondary vanables in the PCA of mirS [T} PCA of nirkl (I)) Separation of environmental varnables

analyzed as secondary vanables mn the PCA of mrK DO dissolved oxygen; OREP: Redox potental;, SpCond: electncal
conductivity; Temp.: temperature; Turb.: turbadity

ences in dissolved oxygen, pH, redox and temperature,
which are all associated with water stratification
(Table 1, Fig. 3B).

For mirK, the PC1 (52% of the vanance] distin-
quishes the mrK demitnthers at 22 m from those mn
the other depths (Fig. 3C). This separation is also due
to the presence of vanous unique T-RFs at 22 m. In
the case of mrk, temperature was associated with the

separation of the sample from the hypolimnion
(Fig. 3D).

Cloning and sequence analysis of nirS and mirk

The samples from 1 and 22 m were chosen for
cloning and sequencing because they were differenti-
ated among depths or between genes. Samples from
19 m were also examined because they originated from
the boundary between the oxygenated surface water

and the anoxic hypolimnion. Initial screening of the
nirS and nirK clone hbranes by one-shot sequencing
with the prnmer M13f and BLAST search showed that
the B5 npoS sequences could be separated into 9
groups, while the 120 nirK clones were separated into
5 groups [(Table 2). Matched identity of the inferred
protein sequences of these groups with the most simi-
lar nitrite reductases in GenBank ranged from 75 to
09% (Table 2}, and corresponded in almost all cases
(except 1) to uncultured denitnifying bactena. The only
exception was the group Illa of nrK that showed
09% matched identity with NirK from Ochrobactrum
sp. 3CB4.

The library of the PCR products from 1 m prepared
with the primers for nrK contamed more than 90%
of clones that did not significantly match with se-
quences In the GenBank. Similar sequences were also
detected at 19 m, but not at 22 m. To characterize these
products, specific BLAST tools [tBLAST and PHI-
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BLAST) were used. After this analysis, the deduced
protein sequence from the clones was only 40 % similar
to the histidyl-tRNA synthetase from Rhodoprellula
baltica.

In the phylogenetic analysis, the nirS sequences
from Lake Kinneret were assigned to 9 groups (Fig. 4),
having as closest relatives sequences from soil or acti-
vated sludge, rather than those from other agquatic
environments. Group VIII, which contained the major-
ity of the clones from all depths [Table 2}, was distantly
related to a clonal sequence from nitrate- and ura-
nium-contaminated groundwater (Yan et al. 2003). The
clusters VI and VII, which were also frequent espe-
cially in the library from 1 m depth, were related to
sequences from nitrate- and uranium-contaminated
groundwater and Dechloromonas spp. With the excep-
tion of group Ill, which was specific for the library from
19 m, all the other clusters were detected at 1 m depth
only (Table 2).

In the phylogenetic analysis of nirK, the clones were
assigned to 4 groups (Fig. 5). The subgroup IIj domi-
nated the libraries from 19 and 22 m depth, and had as
closest relatives nmirK sequences from uncultured soil
bactena. This subgroup, as well as Iif, belonged to a
cluster related to sequences from different species of
Ochrobactrum and other cultured denitnfiers. The
group IVd, which was found in both libraries (Table 2},
was related to norK from soil and Azospurillum spp.
Group IVd formed a subcluster mside cluster IV
defined by Pnieme et al. (2002). Sequences from group
VI were observed only m the library from 22 m, and
were distantly related to clonal sequences from soil
contaminated with silver.

Sequences that did not have a sigmificant match m
GenBank (Table 2) were also included in the phyloge-
netic analysis. These sequences formed the cluster 'nd’
(not determined), which is unrelated to the other clonal
sequences from Lake Kinneret.

Assignment of nirS and nirK clones to T-RFs

To correlate the T-RFs observed in the samples with
the sequences in the clone libranes, the T-RFLP data
were simulated with the mrS and norK clonal
sequences [Table 3).

Studies with other genes have shown that differ-
ences between theoretical and experimental T-RFs,

-
Fig. 4 [mext 2 pages). Phylogeny of parthal mirS sequences.
Accession numbers of reference sequences are given.
Saquences from this study are shown in bold. The number
of identical sequences 15 indicated in parentheses. Boots-
trap values =85% are indicated. Mumbers inside the boxes
represent the number of sequences included 1n the group
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also called T-RF dnft (Kitts 2001, Kaplan & Kitts 2003,
Lueders & Fnednch 2003), do exist. In most of our
expenments, this doft was <1% of the size of the T-RF
(data not shown). Therefore a tolerance limit of 1% of
the size of the fragment was chosen for companson
between simulated and experimental T-RFs, meaning
that an expennmental T-RF of 100 bp was assigned to a
theoretical T-RF of 99 to 101 bp (1 bp of tolerance].

Despite the fact that Alul produced the highest num-
ber of fragments 1n the T-RFLP analysis of the nrS
samples, Alul had a very low resolution for discrimi-
nating groups of clones in the hibranes (Table 3). Con-
sidering the T-RF dnft, the dominant T-RF observed in
the samples [T-RF 221 bp, Fig. 1) can be assigned to
several groups (I, 11, I, V and VIII with a T-RF 224 bp).
Other T-RFs that could be assigned were 49 bp (group
IV}, 232 bp (groups VII and VIj and 405 bp (group [X).

The assignment of the simulated T-BF was clearer for
nirK than for nirS. Based on the results of the most poly-
morphic enzyme (Haelll), the T-RF 59 bp can be as-
signed to group 11}, the T-RF 173 bp to group IVd, and the
T-RF 231 bp to group lIf. The T-RF 264 bp, which domi-
nates in the profiles and the clone library from 1 m, can
be linked to the group of non-nr K sequences.

DISCUSSION

In the present study, demiinfying bactenial commumni-
ties were analyzed in water samples from 4 depths of
the stratithed water column of Lake Kinneret. While
nirS and nirK sequences from freshwater environ-
ments are scarce i the public databases, both types of
nitnte reductase genes were detected in all depths.
The simultaneous amplification of mrS and nrK has
been difficult in environments such as soil and sedi-
ments [Braker et al. 2000, Avrahami et al. 2002, Prieme
et al. 2002, Wolsing & Pneme 2004). In water samples,
however, this seem to be possible [Oakley et al. 2007).

The simultaneous detection of both genes in the pre-
sent study is an opportunity to compare the structure of
deminfymg bactenial commumnities carrying nrs or mrkK
and their habitat preferences mn this stratified system.
Virtually nothing 1s known about the environmental
preferences of denitnifying bactena (Prieme et al. 2002).
According to our results from T-RFLP and clone libranes,
the diversity of deninfying communihies carrying mirS or
nirK varies at different depths of the water column of
Lake Kinneret. Oxygen, nitrate (Liu et al. 2003, Castro-
Gonzalez et al. 2005), dissolved organic carbon, inor-
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Table 3. Theoretical terminal restnction fragments [T-BEFs)
calculated for each group of clones from Table 2. nd = not

determined
Gene  Group Clone Theoretical T-RFs
Mspl Alul Haelll

mrs I LK1m3S-14 80 224 42
I LK1m5-12 146 224 43

I LK19mS-1 133 24 70

v LK1m5-7 130 i 42

v LK1m5-15 133 224 70

VI LK1mS-1 32 236 144

VI LK1m5-19 31 236 151

VI LK19mS-12 88 M 88

X LK1mS-17 8 410 70

mrk 113 LK19mK-37 137 473 235
1N LK2Z2mK-50 137 473 64

vd LK19mK-25 136 473 176

VI LKZ?mK-28 297 473 23

nd LK1 mk-4 B2 24 268

ganic nitrogen and salinity gradients (Taroncher-Olden-
burg et al. 2003) have been identified as influencing
the composition of denitnfying bactenal communities
along physical-chemical gradients. In our study, differ-
entiation of the communities in the meta- and hy-
polimnion {19 and 22 m mn depth) was related to dis-
solved oxygen concentration, pH, and temperature,
parameters that are directly inked to strabification. How-
ever, the differentiation of the communities in the epil-
mmnion, in which a higher diversity of denitnfiers carry-
ing mir S was found, was not directly related to any of the
environmental vanables measured (Table 1).

It 1s well established that trace metals, particularly
iron {NirS) and copper (NirtK) (Zumft 1997), are neces-
sary for the activity of mitnte reductases. In Lake Kin-
neret most of the bioavailable iron occurs in particles
that are restncted to the epilimnmion dunng stratifica-
tion (Shaked et al. 2004). It can be hypothesized that
differences in bioavailability of iron and other trace
metals might favor deminfying bactenial commumhes
with nirS in the epilimnion of the lake.

Considenng the physiological diversity of the deni-
tnfying bactena, it 1s possible that the factors affecting
the distmbution of the different groups observed at
specific depths are not at all correlated with thew
demitrifying capabilities. Other vanables such as the
source of carbon or the general tolerance to oxygen
may better explain the diversity of denitrifying bacte-
ria carrying nir5in the epilimnion, but this needs to be
verified in further studies. The bactenal distnbution
may be mfluenced by the nature of the microniches
with low oxygen concentrations, which may exist in
larger aggregates or detntus particles, m the otherwise
oxic epilimnion.

According to the T-RFLP analysis and clone hbranes,
denmitrifying bactenial communities carrying nirS were
dominated by organisms that were common in all the
depths, but that seem to be able to exploit different
environmental niches. In contrast, only one cluster of
mirK sequences was common to all the depths; this
cluster did not correspond to the dominant group. In
Lake Kinneret, bactena carrying nirK appear to be
adapted to the specific environmental conditions n
each layer of the stratified water column. A similar ten-
dency was observed in a salinity gradient in a beach
aquifer at Huntington Beach (Cabformia) where differ-
ent clades of nrK sequences were associated to spe-
cific salimties, whereas nir5s did not show any specific
environmental adaptation (Santoro et al. 2006). Also, a
recent study in the suboxic zone of the Black Sea [Oak-
ley et al. 2007) showed much greater vanation of mrk
sequences at the bottom of the suboxic zone, while
mrS sequences were more homogeneously distnbuted.

The mirS and nirK sequences from Lake Kinneret
differed from those of manne habitats and coastal
aquifers [Jayakumar et al. 2004, Castro-Gonzalez et al.
2005, Francis et al. 2005, Santoro et al. 2006). This sug-
gests a differentiation of manne and purely freshwater
denitrifying bactena carrying mirS, but has to be sub-
stantiated by additional studies. Group VIII, which
contained most of the clones of this study and domai-
nated in the libraries from all depths, seems to be a



hitherto undescnbed group of denitnfiers specific for
Lake Kinneret.

The topology of the nirK phylogeny obtained in our
study resembled those from previous studies (Cascoth
& Ward 2001, Avrahami et al. 2002, Pneme et al. 2002).
Sequences from Lake Kmneret formed 3 new subclus-
ters inside the clusters Il and IV defined by Prieme et

al. (2002). The new cluster VI appears to be specific for
Lake Kinneret. The closest relatives of most nirK clonal

sequences from Lake Kinneret were uncultured clones
from agnicultural soil (Avrahami et al. 2002) or marsh
soil (Pneme et al. 2002). Although this situation might
suggest a terrestnal onigin of the demitnfying bactena
carrying nirK in the lake, 1t might also be due to the
low number of nirK sequences from agquatic environ-
ments that are available for companson.

Targeting the mirK and nirS genes would detect de-
nitrifiers wrespective of their achivity (Braker ot al
1998). Thus, the data obtained in the present study
represent a genetic characterization that constitutes a
framework for a more detailled study of the funchion
and activity of denitrifying communities in Lake Kin-
neret. It also constitutes one of the first analyses of this
kind in the water column of freshwater lakes, where
community composition and diversity of denitnfying
bactena have previously been unknown.
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