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Abstract
The objectives of this study were (i) to isolate and characterize of cultivable denitrifying bacteria using classic microbiological
and molecular methods, (ii) to compare of 16S rRNA and nosZ genes as molecular markers, (iii) to determine bacterial com-
munity structure and diversity in soil samples using single-strand conformation polymorphism (SSCP) analysis. In this study, 49
bacterial isolates were cultivated and phylogenetic analyses grouped them into two phyla: Proteobacteria (37 species) and
Firmicutes (12 species). Our study showed that the nosZ functional gen could be used to identify denitrifying bacteria abundance
in environment but could not be used to identify pure bacterial cultures. In addition, the bacterial community structure showed
significant differences among the various soil types. Phylogenetic analysis of community structure indicated that 51 clones could
be divided into 2 phylotypes. Uncultured bacteria (80.4%) andGammaproteobacteria (19.6%) were the dominant components of
the soil bacterial community. For 16S rRNA, PCR products of 49 bacteria were obtained with 27F-1492R primer pairs. For nosZ,
PCR products were obtained with primers 1F-1R (259 bp), 2F-2R (267 bp), and F-1622R (453 bp) of 39 bacteria that the single
nosZ band provided on the agarose gel. The bacterial 16S rRNA gene clone library was dominated byGammaproteobacteria and
Bacilli. The nosZ clone sequences did not represent the bacteria fromwhich they were obtained but were found to be closer to the
environmental clones. Our study showed that the nosZ functional gene could be used to identify denitrification abundance in
environment but could not be used to identify pure bacterial cultures. It was also found that the nosZ sequences showed
uncultured denitrifier species.

Introduction

In nature, the nitrogen cycle takes place through the biosphere,
the hydrosphere, and the atmosphere. Nitrogen enters the bio-
sphere with the biological and chemical fixation of dinitrogen
(N2) and is again removed by denitrification (Zumft 1997).
The dominant gas in the atmosphere (78%) is N2 gas with high
stability. Biological nitrogen fixation converts N2 gas to am-
monia (NH3), the fast conversion form of nitrogen needed for

plant growth. Nitrogen fixation is carried out only by soil and
aquatic microorganisms which have acquired this property.
Other living organisms cannot use static atmospheric N2 di-
rectly. However, they eliminate this deficiency through organ-
ic matter, plants, animals and microbial communities that ac-
cumulate in the soil (White and Scott 2006). The denitrifica-
tion rate is influenced by the interaction of various physical,
chemical, and biological conditions of the soil (Saggar et al.
2013). In many studies, researchers has been carried out to
find out which ones have the best process from the factors
involved in denitrification control. The most important regu-
lators have been reported as soil texture, water content, pH,
and denitrifier community structure (Skiba et al. 1998; Pihlatie
et al. 2004; Morkved et al. 2007; Čuhel et al. 2010).

The nitrogen cycle is one of the most important nutrient
cycles in the terrestrial ecosystem. This cycle includes four
microbiological processes. We can list them as follows: nitro-
gen fixation, mineralization (decay), nitrification, and denitri-
fication (Hayatsu et al. 2008). Denitrification is a microbial
respiration process that uses nitrogen oxides as an alternative
electron acceptor when oxygen is limited. In addition,

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s12223-019-00754-8) contains supplementary
material, which is available to authorized users.

* Cumhur Avşar
cumhur.avsar@gmail.com

1 Department of Biology, Faculty of Arts and Sciences, Sinop
University, Sinop, Turkey

2 Department of Biology, Faculty of Science, Ankara University,
Ankara, Turkey

https://doi.org/10.1007/s12223-019-00754-8
Folia Microbiologica (2020) 65:497–510

/Published online: 1 November 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s12223-019-00754-8&domain=pdf
http://orcid.org/0000-0002-4095-0022
https://doi.org/10.1007/s12223-019-00754-8
mailto:cumhur.avsar@gmail.com


denitrification is associated with the environment because it is
a major biological process responsible for the emission of
N2O, which is considered to be one of the six greenhouse
gases by the Kyoto protocol, which results in a substantial loss
of nitrogen, which is the most limited nutrient for harvest
production in agricultural areas (Philippot et al. 2007).

Denitrification is a microbial process that reduces nitrate
(NO3

−) and nitrite (NO2
−) nitrogen to nitric oxide (NO), ni-

trous oxide (N2O), and dinitrogen (N2). N2O may spread as a
result of incomplete denitrification (Dandie et al. 2007). It is
foreseen that the potential N2O emission will grow exponen-
tially due to the accumulation of unstable-N in agricultural
soils and consequently the increase in the use or capture of
this accumulation at any point in time by the crop (Shcherbak
et al. 2014; Cui et al. 2016). According to this information, it is
reported that the reduction of N2O was done biologically by
only N2O reductase (nosZ) enzyme to N2 (Richardson et al.
2009; Gaimster et al. 2017).

Bacterial denitrification usually occurs only under an-
aerobic conditions. Denaturing enzyme activities are
inhibited by oxygen (O2), and the expression of these
genes is fully suppressed. However, many bacteria isolat-
ed from water, soil, and sediments have been reported to
have the ability to perform denitrification in the presence
of oxygen (Morley et al. 2008). Since the denitrificators
does not have close phylogenetic relationships, the molec-
ular methods included in the 16S rRNA are not suitable
for detecting these physiological groups. Nitrite reductase
(nir) genes are the first marker used in denitrifier diversity
studies and continue as the most common molecular
marker for denitrifier communities. Also, nitrate reduc-
tases (Nar and Nap) are not preferred for denitrification
studies since they are also found in non-denitrifying bac-
teria. Apart from these, nitric oxide reductase (norB) gene
has been used as a marker in these studies because of its
ability to form N-N bonds (Wallenstein et al. 2006). It is
stated that approximately 30% of denitrifying bacteria are
missing the nosZ gene and thus contribute to the spread of
N2O globally, especially from the soils under agricultural
management (Philippot et al. 2013). Recently, studies on
nosZ have been shown to be phylogenetically separated
into two groups, and after these studies, nosZ has started
to be called nosZI and nosZII (Sanford et al. 2012; Jones
et al. 2013). According to the investigations on microbial
genome, nosZI clade is more common in organisms with
all of the denitrification metabolic pathways, whereas it is
reported that the lack of other denitrification genes is
much more frequent in the metabolic pathway of nosZII
clade (Graf et al. 2014). In the light of all this informa-
tion, the non-denitrifier nosZII clade was only responsible
for the consumption of N2O in the soil communities in
which it was dominant (Wittorf et al. 2016). Recent stud-
ies have shown that the nosZ gene has a high level of

compliance with taxonomic classification based on 16S
rRNA compared with other denitrification genes (Heylen
et al. 2006; Dandie et al. 2007).

The aim of this study was (i) to obtain information about
the structure of the community by using culture-independent
molecular methods (ii) to determine the denitrifers that can be
cultured from the same soil samples following the first step
taken culture-independent (iii) the phylogenetic comparison
of isolates according to 16S rRNA* and nosZ*.

Materials and methods

Sampling

Soil samples were taken from 20 stations from Sinop,
Kastamonu, and Samsun provinces between August and
December 2015 (Avşar 2018). The locations and property of
the soil samples are given in Suppl. Table 1. Three replicate
samples were collected for all sampling site. All samples were
sieved through a 2-mm sieve to eliminate gravel and large
organic debris and kept at − 20 °C until DNA isolation. In
addition, soil samples were processed directly for culture-
dependent bacterial isolation studies.

Cultivation of denitrifying bacteria

For the determination of microorganisms capable of deni-
trification, the enrichment medium was applied using
standard denitrification MPN tubes. In 95 mL of sterile
phosphate-buffered saline (PBS), it was mixed with 10 g
of fresh soil blender. Soil suspensions were diluted in 10-
fold to 10−7 in PBS and inoculated by injecting 1 mL of
each dilution from 10−3 to 10−7 into sterile Hungate tubes
containing nutrient broth (NB; Difco) with 5 mmol/L
KNO3 and Durham tube. The tubes were incubated with
Anaerocult® (Merck) in a desiccator for 17 days at 30 °C
in order to test turbidity, gas formation, and nitrate output.
Nitrate output was tested with Quantofix® nitrate-nitrite
test sticks (Sigma-Aldrich) according to the manufac-
turer's recommendations. Bacteria from positive tubes
were diluted in sterile PBS and inoculated on nutrient
agar (NA) and allowed to incubate in the desiccator at
30 °C for 48–72 h. The steps described above have been
repeated in order to verify whether the pure cultures are
denitrifier (Dandie et al. 2007). After the classical micro-
biological tests of these isolated bacteria were performed,
biochemical properties were performed according to
BioMerieux API 20E and API 20NE identification kits
based on the manufacturer protocols. Pure cultures were
stored at − 80 °C in NB medium with 15% glycerol.
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PCR amplification and sequence analysis of 16S rRNA
and nosZ

Genomic DNA isolation from pure cultures was per-
formed according to Sambrook et al. (1989). All genomic
DNA patterns were diluted in ~ 10 ng/μL and used in the
PCR reaction. The reaction compositions and PCR condi-
tions for 16S rRNA and nosZ (Throbäck et al. 2004;
Henry et al. 2006) are given in Suppl. Tables 2 and 3.
Amp l i f i e d p r o d u c t s w e r e s e q u e n c e d (A t l a s
Biotechnology, Ankara). The sequencing data were edited
using Chromas version 2.24 software (Technelysium Pty
Ltd.). These sequences were aligned by using Clustal W
(Version 2.1). Phylogenetically related bacterial 16S
rRNA sequences were checked by the BLAST search in
the NCBI GenBank database. Phylogenetic tree was con-
structed using maximum likelihood (ML) and neighbor-
joining (NJ) method with bootstrap sample size 1000 by
MEGA 7.0.

SSCP analysis of 16S rRNA gene regions for pure
culture and culture-independent community
structure

The soil microbial DNA was isolated using the FastDNA
SPIN™ kit for soil (MP Biomedical, Santa Ana, CA) to at
least 2 replicates per soil sample according to the manu-
facturer's instructions. Reaction compounds and PCR con-
ditions for Com1 and Com2-Ph corresponding to a spe-
cific region of the 16S rRNA gene region to perform the
SSCP analysis were obtained from the methods of
Schwieger and Tebbe (2000) and Smalla et al. (2007).
PCR products were purified using the Promega Wizard
SV Gel and PCR Clean-Up System (Promega) purifica-
tion kit. Approximately 700 ng of the purified PCR prod-
uct was allowed to incubate for 1 h at 37 °C with 5U
Lambda-exonuclease (Thermo Fisher Scient i f ic ,
California) to cleave the phosphorylated chain. Single-
chain DNA was purified using the Promega Wizard SV
Gel and PCR Clean-Up System (Promega) purification
kit. Four microliters of loading solution (95% formamide,
10 mmol/L NaOH, 0.025% bromophenol blue and
0.025% xylene cyanol) was added onto a 10-μL purified
single chain DNA sample. The samples were denatured at
95 °C for 2 min and placed on ice quickly, and 5 μL was
loaded onto the gel. For electrophoresis, a mixture of
0.6X MDE (Mutation Detection Enhancement, Thermo
Fisher Scientific, Lonza) gel was prepared and carried
out using Hoofer (SE400, USA) apparatus. The gel was
run at 5 mA, 200 V, and 20 °C for 36 h. From the visu-
alization of the DNA profiles from gel by means of Byun
et al. (2009), silver staining method was applied accord-
ing to four steps.

DNA extraction from polyacrylamide gel
and sequence analysis of selected bands

After silver staining, gel image was taken for cultured bacteria
and stored for analysis. For soil samples, dominant or single
bands detected on polyacrylamide gel were cut with a sterile
scalpel for subsequent analysis. The gel pieces were trans-
ferred to microtubes containing 100 μL of elution liquid (0.5
mol/L ammonium acetate, 10 mmol/L Mg2+-acetate, 1
mmol/L EDTA [pH 8.0], and 0.1% SDS). The tubes were
allowed to incubate for 3 h at 37 °C and centrifuged at
12,000×g for 1 min at room temperature. A total of 80 μL
of the supernatant was transferred to a micro test tube, and 2
volumes of cold ethanol (96%) were added to precipitate.
After centrifugation at 12,000×g for 7 min, the DNAwas dried
for 30min at 30 °C and dissolved in Tris-HCl (10 mmol/L, pH
8.0). Two microliters of this solution was used as the target
DNA for PCR processing (Schwieger and Tebbe 1998). The
PCR process and sequence analysis with Com1 and Com2
primers were performed as described above.

Results

Isolation of cultivable denitrifying bacteria

One hundred colonies were selected from soil samples and
tested for turbidity, gas production, and nitrate or nitrite usage.
In the next step, these 100 isolates were subjected to the same
tests and 66 isolates were selected as denitrifier. Tests were
repeated in these isolates, and 49 of them were selected as
denitrifier, and work continued with these.

Identification of cultivable denitrifying bacteria

According to the results of Gram staining, the majority of
isolates (75.5%) were Gram-negative bacillus, twelve
(24.5%) isolates were Gram-positive, and only one of them
had coccus morphology. As a result of nitrate reduction test,
all isolates showed positive results. It was found that 15
(30.6%) isolates gave negative results for gelatinase activity,
all isolates were positive for catalase, and 35 (71.4%) isolates
gave negative results for oxidase test (Suppl. Table 4). In
addition, API 20E and 20NE test kits were used to carry out
biochemical tests of isolates. The API 20E V5.1 program was
used to evaluate the API 20E test results, and according to the
identification results, it was concluded that API 20E was in-
sufficient to identify the Gram-positive bacteria isolated from
environmental samples (Suppl. Table 5). Moreover, API
20NE V7.0 program was used to evaluate API 20NE test
results. One of the isolates (3B1) was 99.7% to Rhizobium
radiobacter; one isolate (5B2) to 99% Stenotrophomonas
maltophilia; and the other isolates were similar to
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Aeromonas hydrophila and/or caviae, Pseudomonas luteola,
Pseudomonas fluorescens, and Burkholderia cepacia at spe-
cies level (Suppl. Table 6).

16S rRNA sequence analysis results and phylogenetic
distributions of isolates

GenBank access numbers for 49 isolates were determined in
the range MH269197 to MH269245. The similarity ratios
obtained in the GenBank screening for the isolates are shown
in Table 1 where the isolates show affinity through Blast.
When the 16S rRNA sequence analyses of the same isolates
were compared with the identification data obtained according
to the API 20NE test results for Gram-negative isolates, it was
found that they gave the same results at species level for 5B2
and 7S2 only at the genus level for 1B3, 1S2, 6K1, and 6K3.
In phylogenetic tree analysis, Fig. 1a for ML and Fig. 1b for
ML were found to be similar, but it was found that 16S rRNA
gene regions of isolates were similar in both trees but
Bootstrap values in nodes observed in ML phylogeny tree
showed more reliable results than NJ trees. Table 1 and Fig.
1a and b were examined in a total of 49 cultivated denitrifying
bacteria, 36 (73.46%) isolates Gammaproteobacteria, 12
(24.48%) isolates Firmicutes, and only 1 (2.04%) isolate from
the Alphaproteobacteria filum was detected. This showed that
denitrifiers do not belong to a specific group but are distribut-
ed among all bacterial groups.

SSCP analysis of cultivated denitrifiers

As a result of SSCP analysis, band profiles were evaluated
based on 0.5% distance matrix in PyElph 1.4 program and
17 different band profiles were obtained. Of these, isolates
29 and 30 were found to exhibit 2 single chain band confor-
mation unlike others. When the band profiles of the isolates
identified according to 16S rRNA were examined in SSCP
(Fig. 2a, b), the bands of the isolates identified as Bacillus
and Staphylococcus from the Firmicutes phylum were found
to be very close to each other. It was found that Bacillus
subtilis used as positive control (P) was aligned with the bands
(46 and 48) identified as Bacillus. At the same time, the bands
expressing the isolates from the Gammaproteobacteria phy-
lum are very close to each other (except bands 17, 34, and 40
identified as Citrobacter), and even in some of the bands 15,
27, 32, 41, 44, and 45 identified as Enterobacter and
Klebsiella, they were aligned (shifts in the gel image were
observed due to the combination of 3 different gel photo-
graphs and differences in the walking distance of the bands).
Also, the bands 8 and 26, identified as Leclercia, and the
bands 18, 35, 47, and 49, identified asAeromonas, were found
to give the same profiles among themselves. On the other
hand, the band identified as Agrobacterium tumefaciens as
the only isolate observed from Alphaproteobacteria and the

band 23 identified as Enterobacteriaceae bacterium were
found to have different profiles. It was also observed that the
bands 31, 33, 42, and 43, which were identified as uncultured
bacterium clone and identified as Gammaproteobacteria in
the EzTaxon database, were aligned.

Phylogenetic comparison with nosZ and 16S rRNA

Although different PCR optimization conditions were tried, it
was determined that 15 of the isolates were 1F-1R, 19 of the
2F-2R, and 5 of them gave single band with F-1622R primers
and the sequence analysis was carried out with these PCR
products. Although the majority of the nosZ gene regions
obtained with the 1F-1R and 2F-2R primers were similar to
the P. fluorescens Pf29Arp contig6 and P. chlororaphis UFB2
strains at about 88–90%, it was based on the nosZ clones
showing the highest similarity in the Blast screen as shown
in Table 2. For most of the previous studies for the nosZ gene
region, Pseudomonas was preferred as the target species and
the results of the sequence analysis performed for this region
resulted in the closest similarity to the Pseudomonas species.
Although the isolates 1, 9, 10, 11, 14, 19, 20, 21, 38, 39, and
46 were Gram (+), the affinity of the nosZ gene region se-
quence results to the Gram (−) Pseudomonas species support-
ed the above claim. When Table 2 is examined, the sequence
data of the 9 isolates with the primers 1F-1R and 2F-2R were
successfully obtained and 7 of these isolates were similar to
the similar clones but the nosZ gene regions obtained for 2
isolates (19 and 46) were found to be similar to the different
clones. The 5 sequence results obtained by F-1622R primer
did not give a direct affinity to the nosZ gene region in Blast
screening (except for example 1) but instead resembled the
whole genome of bacterial species. In phylogenetic tree anal-
ysis, ML for Fig. 3a and NJ for Fig. 3b, the nosZ gene region
distributions of the isolates were similar in both trees but
Bootstrap values in the nodes of the NJ phylogeny tree
showed more reliable results than ML trees. For the isolate
distribution, nosZ 1F-1R amplification group was found in
cluster I in both trees. The nosZ 2F-2R amplification group
was found to be present both in the cluster I and in the nosZ
1F-1R group and also in the cluster VI. Also, nosZ F-1622R
group was found to be distributed in clusters I–III–IV and V.

SSCP genetic profile analysis for bacterial community

SSCP profiles of soil samples were found to be composed
of 6–15 different bands with different densities. Most of
these bands were produced by many soil samples and
formed 28 different band profiles (gel image not shown).
It has been determined that the structure of the bacterium
community varies considerably. The UPGMA dendrogram
analysis (Fig. 4) showed that 20 soil samples taken from 3
regions were separated into 2 basic clusters (X and Y). It
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Table 1 Identification of isolates by BLAST screening in NCBI GenBank database

Isolates Top results in BLAST search and GenBank number Query cover
(%)

Similarity
(%)

Length of analyzed
(bp)

Phylum/class

1B1 Bacillus sp. (MF403055.1) 100 99 716 Firmicutes
1B2 Enterobacter sp. (KF843698.1) 100 99 1197 Gammaproteobacteria
1B3 Pseudomonas sp. strain KP-12-3 (MH018906.1) 99 99 1036 Gammaproteobacteria
2B1 Enterobacter cloacae strain BJ02 (JQ609680.1) 99 97 714 Gammaproteobacteria
2B2 Enterobacter sp. QD26-6 (KP973971.1) 100 99 1039 Gammaproteobacteria
2B3 Enterobacter cloacae (FJ605378.1) 100 99 1140 Gammaproteobacteria
3B1 Agrobacterium tumefaciens (MG016489.1) 100 99 1049 Alphaproteobacteria
3B2 Leclercia adecarboxylata strain H3-31

(KC252602.1)
100 97 847 Gammaproteobacteria

4B1 Bacillus paramycoides strain HQB414
(MH044658.1)

100 99 800 Firmicutes

5B1 Bacillus sp. (KF306226.1) 100 100 795 Firmicutes
5B2 Stenotrophomonas maltophilia (KX380193.1) 99 99 769 Gammaproteobacteria
5B3 Enterobacter sp. (HM461182.1) 99 99 1070 Gammaproteobacteria
6B1 Enterobacter sp. HT37 (EU828364.1) 100 97 1122 Gammaproteobacteria
6B2 Bacillus sp. (JN859045.1) 100 99 749 Firmicutes
6B3 Klebsiella oxytoca (CP027426.1) 99 99 1123 Gammaproteobacteria
7B1 Raoultella ornithinolytica (MG516115.1) 99 99 1107 Gammaproteobacteria
1S1 Citrobacter sp. (JX185134.1) 100 99 827 Gammaproteobacteria
1S2 Aeromonas sp. SD9 (DQ991197.1) 99 99 747 Gammaproteobacteria
1S3 Bacillus toyonensis (MH197392.1) 100 99 1138 Firmicutes
2S1 Bacillus sp. (JQ808518.1) 99 99 720 Firmicutes
2S2 Staphylococcus sciuri (KR812401.1) 100 99 1116 Firmicutes
2S3 Kluyvera cryocrescens (MF372632.1) 99 99 734 Gammaproteobacteria
3S1 Enterobacteriaceae bacterium (KX688661.1) 100 99 1051 Gammaproteobacteria
3S2 Enterobacter aerogenes (KM503142.1) 100 99 806 Gammaproteobacteria
4S1 Enterobacter cloacae (KY524292.1) 100 99 1176 Gammaproteobacteria
4S2 Leclercia sp. (MF804999.1) 99 99 1040 Gammaproteobacteria
4S3 Klebsiella oxytoca (CP027426.1) 100 99 1202 Gammaproteobacteria
5S1 Bacillus sp. (KX554924.1) 100 99 1033 Firmicutes
5S2 Enterobacter sp. (MF000792.1) 100 99 1116 Gammaproteobacteria
5S3 Cronobacter sakazakii (KU364471.1) 100 99 1140 Gammaproteobacteria
6S1 Uncultured bacterium clone (JQ357111.1) 100 99 842 Gammaproteobacteriaa

6S2 Klebsiella aerogenes (CP014029.2) 100 99 1091 Gammaproteobacteria
6S3 Uncultured bacterium clone MW1 (KC712600.1) 99 99 844 Gammaproteobacteriaa

7S1 Citrobacter murliniae (KY178281.1) 100 99 1117 Gammaproteobacteria
7S2 Aeromonas hydrophila (MF629149.1) 100 99 1123 Gammaproteobacteria
1K1 Enterobacter aerogenes (MF356674.1) 100 99 969 Gammaproteobacteria
1K2 Stenotrophomonas maltophilia (MF776632.1) 100 99 690 Gammaproteobacteria
2K1 Bacillus sp. (KX768308.1) 100 99 1030 Firmicutes
2K2 Bacillus subtilis (KX503819.1) 99 99 1072 Firmicutes
2K3 Citrobacter freundii (KU570298.1) 100 99 807 Gammaproteobacteria
3K1 Klebsiella oxytoca (JX848325.1) 100 99 1039 Gammaproteobacteria
3K2 Uncultured bacterium clone (KY609489.1) 99 100 1016 Gammaproteobacteriaa

4K1 Uncultured bacterium clone (KC712615.1) 100 99 812 Gammaproteobacteriaa

4K2 Klebsiella aerogenes (CP024883.1) 99 99 1105 Gammaproteobacteria
5K1 Klebsiella aerogenes (CP028951.1) 100 99 644 Gammaproteobacteria
5K2 Bacillus thuringiensis (KT725786.1) 100 99 786 Firmicutes
6K1 Aeromonas sp. (DQ991197.1) 99 99 718 Gammaproteobacteria
6K2 Bacillus sp. (KX768294.1) 100 99 1069 Firmicutes
6K3 Aeromonas veronii (KX462980.1) 100 98 994 Gammaproteobacteria

a Sequences were evaluated using the EzTaxon database
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is seen that there are soil samples taken from all 3 regions
within X major cluster, 3 of these samples taken from
Sinop are in cluster 1 and 2 samples taken from Samsun
and Kastamonu is in cluster 2. In particular, the fact that 6
of these 7 specimens in the X-major cluster were soils
from the rice field and that all of the rice soil samples

were in this cluster showed that the bacterial communities
in these soil samples were much closer to each other than
the other soil samples. In the Y major cluster, it is seen
that there are 3 samples from Kastamonu in cluster 3 and
5 in cluster 4 from Samsun region. Finally, 3 (S3, S5, and
S6) were taken from Sinop in cluster 5 and 1 (K4) taken

Fig. 1 Molecular phylogenetic
trees formed by 16S rRNA gene
region with a neighbor-joining
and b maximum likelihood
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from Kastamonu; especially, 3 of these samples (S5, S6,
and K4) were found to be samples taken from wheat soil.

Phylogenetic identification of bacterial community
SSCP profiles

For the molecular identification of bacterial commune in soil
samples, dominant and separating bands were selected from
SSCP profiles of 20 soil samples and 51 different DNA single
chains were cut as shown by plotting in Fig. 5 and sequence
analysis was performed. When Table 3 is examined, only 10
(19.6%) SSCP bands were found to be similar to the isolates
cultivated and identified at the species level (K. oxytoca and
K. michiganensis). The remaining 41 (80.4%) SSCP band
sequence data were found to be similar to non-cultured envi-
ronmental clones. In addition, when comparing the sequence
data of the bands cut off from the same or different positions
on the SSCP gel, it was seen that they were similar to the same
or different species or clones, whether in the same position or
not.

Discussion

API 20E and 20NE test kits and 16S rRNA sequence
analysis results for bacterial identification were compared.
For Gram-positive bacteria, API 20E was insufficient, and
for Gram-negative bacteria, API 20NE was consistent
with 16S rRNA in 4 isolates at the genus and 2 isolates

at the species level. These results showed that API 20E
and 20NE kits were insufficient in the identification of
Gram-positive and Gram-negative bacteria in environ-
mental samples. In accordance with our data, Bosshard
et al. (2004) compared the API assay and 16S rRNA se-
quence analysis to identify clinical isolates. The API 20
kit system for the majority of strains (96%) indicated that
a reliable identification at the species level could not be
performed and API test kits were inadequate for the de-
tection of Gram-positive bacteria. Song and Leff (2005)
reported that only one of the 20 bacterial samples isolated
from the Mir space station was compatible with API
20NE and 16S rRNA. Awong-Taylor et al. (2008) com-
pared the identification of bacterial samples obtained from
environmental samples according to 16S rRNA, API 20E,
and 20NE analyses and reported 74% inconsistency be-
tween API test kits and 16S rRNA sequence analysis.
Furthermore, both API kits reported 86% of Gram-nega-
tives, whereas only 33% of Gram-positives were identi-
fied; however, API 20NE was much more effective than
20E in identifying isolates from environmental samples.
Belak et al. (2011) compared the identification of 47 bac-
terial specimens isolated from chicken meat with multi-
plex PCR and API kits and reported that API 20NE leads
to misidentification at species level. Benga et al. (2014)
reported in some cases a mismatch between 16S rRNA
and API test kits and 16S rRNA sequence analysis as a
very effective diagnostic tool for species identification.
Carlson et al. (2017) the API test kits are limited to the

Fig. 2 a 16S rRNAV4-V5 gene
region (~ 407 bp) agarose gel
image of 1-16 isolates, b SSCP
band profiles of 1–49 isolates, P:
Bacillus subtilis. M marker
(Fermentas, Lithuania)
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bacteria growing in the culture medium, and also with the
biochemical profiles obtained with the API test kits, 16S
rRNA sequence analysis data is impossible to state
because the genus level identification and biochemical
profile estimates are very variable reported.

It was found that the SSCP technique was an effective
method for classifying microorganisms within or between
species, and it was found to be compatible with 16S
rRNA sequence analysis findings and was a powerful
identification tool with classical microbiological tests

Table 2 Identifying the nosZ gene region in the NCBI GenBank database with BLAST

Isolate Top results in BLAST search and GenBank number Similarity (%) Access number from GenBank

nosZ clad I 1F-1R

3 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384839

9 Uncultured bacterium clone Z-CK-3-14 (nosZ)—KX710889.1 88 MH384840

10 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 94 MH384841

11 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 94 MH384842

12 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 91 MH384843

13 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384844

14 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 92 MH384845

15 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 94 MH384846

16 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384847

18 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 94 MH384848

19 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384849

21 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384850

22 Uncultured bacterium clone Z-CK-3-14 (nosZ)—KX710889.1 88 MH384851

23 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384852

46 Uncultured bacterium clone Z-CK-3-14 (nosZ)—KX710889.1 88 MH384853

nosZ clad I 2F-2R

2 Uncultured bacterium clone PS (nosZ) gene—KX598942.1 91 MH384854

6 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384855

7 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384856

10 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384857

13 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384858

15 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384859

16 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384860

19 Uncultured bacterium clone PS—KX598942.1 94 MH384861

20 Uncultured bacterium clone A44_18 (nosZ)—JF310507.1 86 MH384862

21 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384863

22 Uncultured bacterium clone Z-CK-3-14 (nosZ)—KX710889.1 90 MH384864

23 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384865

24 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384866

38 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384867

39 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384868

42 Uncultured bacterium clone ESLH1AE07 (nosZ)—KJ147998.1 83 MH384869

43 Uncultured bacterium clone 0774 clade I (nosZ)—MF027018.1 93 MH384870

44 Uncultured bacterium clone Z-CK-3-14 (nosZ)—KX710889.1 90 MH384871

46 Azospirillum halopraeferens (nosZ)—AF361794.1 85 MH384872

nosZ F-1622R

1 Pseudomonas brassicacearum PD 5 (nosZ)—DQ377777.1 86 MH384873

2 Enterobacter cloacae, complete genome—CP022532.1 97 MH384874

4 Enterobacter cloacae P101, complete genome—CP006580.1 90 MH384875

5 Enterobacter cloacae P101, complete genome—CP006580.1 98 MH384876

40 Citrobacter freundii, complete genome—CP026235.1 96 MH384877

Folia Microbiol (2020) 65:497–510504



and 16S rRNA sequence data, especially in pure cultures.
Schwieger and Tebbe (1998) reported that isolates from
different species gave different band positions on SSCP
gel. In the same studies, the researchers reported that
some isolates gave more than one band. In parallel with
this study, Schmalenberger et al. (2001) studied the SSCP
band profiles of 13 different bacterial species, V2–V3,
V4–V5, V6, V7, and V8 variable regions of the 16S
rRNA, and selected the most suitable band-giving region
as the V4–V5 gene region. In addition, Schmalenberger
et al. suggested that the most suitable site was V4–V5 by
referring only to the SSCP profile of 13 bacteria,

indicating the lack of sample, but the validity of this hy-
pothesis was questioned. In our study, by analyzing the
same region, we determined that 47 of 49 pure cultures as
single bands and determining their compatibility with se-
quence data contributed to the accuracy of this hypothe-
sis. When we compare 16S rRNA sequence analysis and
SSCP technique, SSCP technique provides the advantage
of rapid decision making in bacterial diversity with simi-
lar band profile for most bacteria of the same species.
Furthermore, it allows to compare the known reference
strains of the non-sequenced pure cultures with the band
profiles and reveal their possible affinities. However, it is

Fig. 3 Molecular phylogenetic
trees formed by nosZ gene region
with amaximum likelihood and b
neighbor-joining method

Folia Microbiol (2020) 65:497–510 505



a disadvantage that it rarely gives different band profiles
among isolates of the same species and requires verifica-
tion by 16S rRNA sequence analysis.

In our study, 1F-1R, 2F-2R, and F-1622R primer sets of
nosZ gene regions were used as molecular markers. In our
study, Table 2 shows that 1F-1R and 2F-2R primer sets are

similar to environmental clones, and the findings are not com-
patible with 16S rRNA data in Table 1. On the other hand,
although the sample number was low, 4 of the 5 isolates with
nosZ F-1622R primer set were compatible with 16S rRNA
results; in this case, it supported the hypothesis that this primer
set could be used as a molecular marker for the studies of

Fig. 4 UPGMA dendrogram
analysis of SSCP profiles of
bacterial communities from 20
different soil samples. UPGMA
dendrogram analysis was created
with PyElph version 1.4

Fig. 5 SSCP graphical profile of
20 soil samples. Black boxes
show 28 different band dispersion
patterns between different
samples. The boxes selected
under each station with the station
number and letters were selected
as bands that were cut out and
phylogenetically identified by
sequence analysis
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Table 3 Identify SSCP bands with BLAST scanning in NCBI GenBank database

Band Top results in BLAST search and GenBank number Similarity (%) Access number from GenBank

B1a 1a Uncultured bacterium clone—KR133563.1 99 MH266253

B1b 1b Uncultured bacterium clone—KM182088.1 85 MH266254

B1c 1c Uncultured bacterium clone—HM833091.1 92 MH266255

B1d 1d Uncultured bacterium clone—KR133563.1 99 MH266256

B2a 2a Uncultured bacterium clone—EU879689.1 99 MH266257

B3a 3a Uncultured bacterium clone—HM820289.1 97 MH266258

B4a 4a Klebsiella oxytoca strain—KT602858.1 99 MH266259

B4b 4b Uncultured bacterium clone—HM832313.1 99 MH266260

B5a 5a Uncultured bacterium clone—HM832697.1 99 MH266261

B5b 5b Uncultured rumen bacterium clone—KM107785.1 91 MH266262

B5c 5c Uncultured bacterium clone—HM832836.1 98 MH266263

B6a 6a Klebsiella michiganensis strain—MG022653.1 99 MH266264

B6b 6b Uncultured bacterium clone—LC372686.1 90 MH266265

B6c 6c Uncultured bacterium clone—KR133553.1 99 MH266266

B6d 6d Uncultured bacterium clone—HM832836.1 95 MH266267

B7a 7a Uncultured bacterium clone—HM837576.1 99 MH266268

B7b 7b Uncultured bacterium clone—HM832697.1 99 MH266269

S1a 8a Uncultured bacterium clone—KR133537.1 90 MH266270

S2a 9a Klebsiella oxytoca—KY810730.1 99 MH266271

S2b 9b Uncultured bacterium clone—KR133563.1 98 MH266272

S3a 10a Uncultured organism clone—HQ786174.1 92 MH266273

S4a 11a Uncultured bacterium clone—HM847388.1 100 MH266274

S4b 11b Uncultured bacterium clone—HM838335.1 92 MH266275

S4c 11c Uncultured bacterium clone—FJ231185.1 90 MH266276

S4d 11d Uncultured bacterium clone—HM832313.1 99 MH266277

S4e 11e Klebsiella oxytoca strain—KT602858.1 99 MH266278

S5a 12a Uncultured bacterium clone—HM829946.1 100 MH266279

S5b 12b Uncultured bacterium clone—HM838335.1 92 MH266280

S5c 12c Bacterium E1-38—KJ718977.1 99 MH266281

S5d 12d Uncultured soil bacterium—KR133563.1 100 MH266282

S6a 13a Uncultured bacterium clone—HM837576.1 99 MH266283

S6b 13b Uncultured bacterium clone—HM832697.1 99 MH266284

S6c 13c Uncultured bacterium clone—HM832697.1 99 MH266285

S7a 14a Klebsiella oxytoca strain CMGS-3—KT602858.1 99 MH266286

K1a 15a Uncultured bacterium clone—HM814083.1 95 MH266287

K2a 16a Klebsiella oxytoca strain CMGS-3—KT602858.1 99 MH266288

K2b 16b Bacterium JP11(2012)—JQ407569.1 92 MH266289

K2c 16c Bacterium E1-38—KJ718977.1 99 MH266290

K2d 16d Uncultured bacterium clone—HM832697.1 99 MH266291

K2e 16e Uncultured bacterium clone—HM832313.1 99 MH266292

K2f 16f Uncultured bacterium clone—HM833091.1 97 MH266293

K2k 16k Uncultured bacterium clone—KR133563.1 99 MH266294

K3a 17a Uncultured bacterium clone—HM829946.1 99 MH266295

K3b 17b Klebsiella michiganensis strain—MG022653.1 99 MH266296

K4a 18a Klebsiella oxytoca strain CMGS-3—KT602858.1 99 MH266297

K4b 18b Bacterium JP11(2012)—JQ407569.1 95 MH266298

K4c 18c Bacterium E1-38—KJ718977.1 99 MH266299

K4d 18d Uncultured bacterium clone—HM832697.1 99 MH266300
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detection of denitrifies in environmental samples. However,
the small number of samples questioned this situation and led
to more extensive studies with the primer set F-1622R or more
effective primer designs expressing the nosZ gene region.
From previous studies on this topic, Scala and Kerkhof
(1999) performed sequence analysis of 37 nosZ gene copies
obtained from environmental samples and pure bacterial
cultures and formed phylogenetic trees. Three clusters
obtained in phylogenetic trees have reported very little
compatibility with environmental and pure culture clones.
Delorme et al. (2003) reported that there was no similarity
between the 16S rRNA and nosZ phylogeny they formed for
fluorescent Pseudomonas. Horn et al. (2006), in their study
comparing nosZ and 16S rRNA, reported that the cultured
denitrifiers give < 48% similarity rate for nosZ and showed
< 97% similarity level for the 16S rRNA, and the 16S rRNA
gene region was much more conserved. He also reported that
there was horizontal gene transfer for nosZ, so it would be
difficult to predict new species due to nosZ. Mills et al.
(2008), in parallel with our study, reported that the 42 nosZ
clones generally show similarities to non-cultured clones.
Bowles et al. (2012) compared nosZ and 16S rRNA gene
regions and reported that nosZ clones do not show similarity
to pure culture denitrifiers but rather resemble to non-cultured
environmental clones. Henry et al. (2006) based on the sug-
gestion that the nosZ 2F-2R primer attracted greater interest
than the nosZ 1F-1R primer based on the intuition that the
more diverse primer set was more appropriate, and our
findings were found to be consistent with the study. Heylen
et al. (2006) proposed that denitrification genes support the
hypothesis that horizontal gene transfer events occur and that
denitrification genes should not be related to the diversity of
organisms of denitrifers in culture-independent studies. On the
other hand, from Dandie et al. (2007), 16S rRNA and nosZ in
their study in the comparison of both gene regions reported
that the results are compatible. Ishii et al. (2011) stated that the
preferred nirS, nirK, and nosZ environmental clone sequences
as molecular markers reach a wide population in the data-
bases, but most denitrifers carrying these gene regions are still
unknown and are represented by much less records in the
databases than 16S rRNA.

Our data related to the structure of the community were in
parallel with the studies which successfully applied SSCP

analysis to the dynamics and definition of microbial commu-
nity (Schwieger and Tebbe 1998; Stach et al. 2001; Backman
et al. 2003; Hori et al. 2006; Rossmann et al. 2012). Smalla
et al. (2007) tested the Denaturing gradient gel electrophoresis
(DGGE), T-RFLP, and SSCP techniques to determine the bac-
terial community structure in soil samples and reported similar
results in all three techniques. Hori et al. (2006) compared the
SSCP and DGGE techniques to determine the structure of the
bacterial community and reported that the SSCP was superior
to DGGE in determining the dynamics of microbial
community. Backman et al. (2003) compared the SSCP and
DGGE techniques in determining the structure of the
community and reported that the solubility of DNA
fragments at the time of separation was better at SSCP.
Uncultured bacterium clones were found to be dominant in
our study. In parallel with our study, Tsai et al. (2009) reported
350 clones obtained from 3 different soil samples, Wolińska
et al. (2017) reported 40 clones obtained from 16 different soil
samples, and Bunge and Lechner (2004) reported that 15
clones of 16S rRNA were similar to non-cultured bacterial
clones.

As a result, this study can be expressed in three different
stages; in the first stage, it has been observed the successful
isolation of denitrifers which can be cultured by conventional
microbiological methods from different cultivated land soils.
In addition to the morphological tests, the results obtained
with API test kits were insufficient for the identification of
the samples; therefore, it was determined that a successful
identification was made with the combination of classical mi-
crobiological tests, SSCP fingerprint, and 16S rRNA se-
quence analysis. In the second stage, because of the large
variety of denitrifier bacterial diversity and the difficulty of
detecting this group with only 16S rRNA sequence analysis,
nosZwas extracted from some isolated bacteria and compared
to being a molecular marker with 16S rRNA. However, the
nosZ gene region was found to be inadequate as a molecular
marker for denitrification. In the third stage, the culture-
independent bacterial community structure using the SSCP
technique was successfully identified. In order to determine
the diversity of the bacterial community, SSCP technique was
combined with clone library analysis and it was found that
uncultured bacterium clones in soil samples were dominant.
In addition, in the first stage, cultivated denitrifers isolated

Table 3 (continued)

Band Top results in BLAST search and GenBank number Similarity (%) Access number from GenBank

B1a 1a Uncultured bacterium clone—KR133563.1 99 MH266253

K5a 19a Klebsiella oxytoca strain CMGS-3—KT602858.1 99 MH266301

K5b 19b Uncultured bacterium clone—HM832697.1 99 MH266302

K6a 20a Klebsiella oxytoca strain CMGS-3—KT602858.1 99 MH266303
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from soil samples were not found to be dominant in the
community.
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