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Abstract:

This review summarizes the available data regarding the environments of
ammonia oxidizers community, the adaptation of ammonia oxidizers
communities to shift in the sediment, and denitrifying microbes. The
advancements of molecular biology techniques have encouraged the fast recent
developments in the sector. Various methods for implementing so are
discussed. The function of ammonia oxidizers community and denitrifying
microorganism composition was investigated through a high throughput of the
16S rRNA amplicon sequencing procedure. There is a potential need to observe
the species-specific appearance of these microorganisms in each environment
and determine the relative abundance of several kinds. More effort is required to
isolate these microorganisms and determine their functions through biochemical,
physiological and molecular techniques. However, the investigation with
deoxyribonucleic acid (DNA), antibodies, and the polymerase chain reaction
(PCR) was preferred mainly to report the composition of chemolithoautotrophic
bacteria.

Keywords: Ammonia oxidizers community, molecular techniques, ammonia
oxidizing bacteria, ammonia-oxidizing archaea, chemolithoautotrophic bacteria.
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INTRODUCTION

The atmosphere of earth comprises layers
of gases involve nitrogen 78%, oxygen 21%, and
other gases 1%, which preserves all form of
living on the planet. The various degree rates of
gases in the atmosphere also involve the
glasshouse gases (GHG), CO;, N,O, CHCI,
CHg4, which are inserted through the natural
sources (Thomson et al., 2012), and human
activities (Kasting and Siefert, 2002). Several
biochemical reactions are included in the various
(oxidation—reduction) conversions of the nitrogen
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cycle, and many of these are novel to
prokaryotes. Furthermore, the  nitrogen
combinations representing transformed through
biochemical pathways strained by microbes. The
biological conversions are shown in Figure 1.
Nitrogen cycling is significantly controllable by
the microorganism communities and has been
widely focused as a simulated survey in the field
of environmental microbiology (Colloff et al.,
2008; Kowalchuk and Stephen, 2001). There are
uniqgue groups of the ammonia oxidizers
community, which can fix N in the atmosphere
(Galloway et al., 2004).

Other sources in environments

Land run off (fertilisers)
Animal or fish excreta
Decomposition of organic matter

Ny / N,
N20’Air pollution — global warming [N,O *
.~~~ 1.Nitrogen / A? €p '
fixation
; / i Sediment
‘ amoA | ;
\ l .Z > NO; Aerobic
i. Ammonia ii. Nitrite -
N H 3 oxidation oxidation N 03
or Comammox Leaches down
: 2. Nitrification into anoxic layer |
5. Anammox:._ | T \ Anaerobic

" NH,

3. Denitrification

Fig. 1. Schematic representation of the nitrogen process in the ecosystem. Multiple steps in the nitrogen
cycle are numbered 1-5, dashed line, the microorganisms processes cycle nitrogen by the biologically
possible (NO3, NO,, and NH,") and inaccessible forms (N,). The oxidation conditions of the various

methods are shown (Thomson et al., 2012).

Nitrogen (N) is an indispensable
component of the living organisms, involved in
the primary organic particles, for example,
proteins and nucleic acids (DNA and RNA)
couple polymeric compound of life (Canfield et
al., 2010), much progress is mediated through a
particular community of microbes (Table 1).
Nitrogen is one of an essential component in the
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biosphere but is shown as reaction-less
dinitrogen (Ny), which unused is absorbed
through each living organisms and except it is at
beginning transformed into decreased reactive
nitrogen. It is one of the components most
commonly limiting in plant nutrition. It levels
fourth behind oxygen, carbon, and hydrogen as
the most common chemical component in living
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cells and requires N of all organisms to grow
(Hofstra and Bouwman, 2005). Nitrogen fixation
is the just biological achievements for restoring
the nitrogen to the atmosphere that is lost by the
anammox and denitrification processes, such as

Table 1. Microbes involved in the nitrogen cycle.
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nitrogen-fixing microbe involve aquatic
microorganisms used the nitrogenase enzyme to
catalyze the dinitrogen reduction (Karl et al.,
1997).

Processes

Example microorganisms

Ammonia Oxidation
Nitrite Oxidation
Mineralization
Denitrification
Anaerobic Phototrophic Nitrite Oxidation
Ammonium Assimilation
N2 Fixation
Anammox
Methane—based Denitrification

Nitrosomonas, Nitrosopumilus
Nitrobactor
Bacillus, Clostridium, many others
Sulfurimonas denitrificans
Thiocapsa, Rhodopseudomonas
Rhizobium spp, many others
Cyanobacteria
Candidatus Brocadia
Candidatus Methylomirabilis oxyfera

Nitrification

Nitrification plays an essential function in
the nitrogen cycle. Nitrification is the process
where ammonia, the reduced form of nitrogen is
oxidized by autotrophic nitrifying bacteria to
nitrite and nitrate (Kozlowski et al., 2016). It
happens in three bacterial communities:
autotrophic ammonia oxidizers (Zhang et al.,
2010), autotrophic nitrite  oxidizers, and
heterotrophic nitrifiers. Autotrophic nitrite and
ammonia oxidizers are described as the
possibility to oxidize ammonia serially to nitrate.
The ammonia oxidizers have essential outcomes
for their environment, within the appearances
and dynamics of nitrification, and form linkages
with other microbes (Ebeling et al., 2006).
Heterotrophic nitrification is carried out by
certain heterotrophic bacteria and fungi with the
potential to oxidize both organic and inorganic N
compounds (Stroo et al.,, 1986). Heterotrophic
fungi such as Aspergillus flavus and Alcaligenes
spp were reported to form nitrite in pure culture
(Castignetti and Gunner, 1980).

The nitrification is the process where the
ammonia is oxidized to nitrite under aerobic
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condition. This can be performed through two

communities of microorganisms ammonia-
oxidizing archaea (AOA), and ammonia-
oxidizing bacteria (AOB) who are

phylogenetically different bacteria, however,
execute the same function (Figure 2) (Kozlowski
et al., 2016; Suzuki et al., 1974). In this step of
nitrification, AOB oxidizes (NH3) to (NO;)
according to formula (1).

NH3 + 02 —
1)

NO, + 3H + 2%

Furthermore, the first step is known as the
rate—determining step of nitrification; many
microbial groups participate in the nitrogen cycle
and it has been studied extensively in recent
decades (Leininger et al., 2006; Purkhold et al.,
2000; Treusch et al.,, 2005). Communities of
Ammonia—oxidizing microorganisms isolated
from the various environments have been
estimated using ammonia monooxygenase
(amoA) genes and 16S rRNA genes sequence
analysis, which encode a crucial enzyme within
this enzyme group (Francis et al., 2003). In the
second step nitrite (NO; ) is oxidized to nitrate
(NO3") which is carried out through nitrite-
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oxidizing bacteria (NOB) (Francis et al., 2003).
In this step of the process, NOB oxidizes nitrite
to nitrate according to formula (2).

NO,” + H,O0O — NO3 + 2H" + 2%
2

This nitrification  process transpires
achieved through Chemolithoautotrophic

microorganisms and in various environments,
such as sewage—processing ammonia removal
is considered critical (Leininger et al., 2006).

The ammonia removal is crucial for
various purposes, such as its toxicity. At an
adequately high ratio, ammonia is increased
deadly to fish and other aquatic organisms than
nitrate  (Sayavedra-Soto et al., 2010).
Furthermore, it creates the demand for oxygen
in obtaining waters that ultimately appear in
decreased concentrations of dissolved oxygen.
Ammonia  encourages  eutrophication in
freshwater. These environmental consequences
exhibit the essential for nitrification as a sewage
treatment process and stimulate researchers to
investigate methods to design a more clean and
flexible system.

Oxidation of ammonia

The primary natural sources of ecological
ammonia are a fixation of nitrogen and
mineralization (Galloway, 1995; Grennfelt and
Hultberg, 1986). Ammonia oxidation is the most
critical level in the middle process of nitrogen
and consequently the oxidation of ammonia to
nitrate (Figure 2) (De Boer et al., 1992; Purkhold
et al., 2000), and was considered to be achieved
only by particular microorganisms. The detection
of AOA corrected this opinion (Zhou et al.,
2015). Nitrification of autotrophic had been
considered a two-step process: ammonia
oxidation to nitrite by ammonia-oxidizing
prokaryotes (AOP) and nitrite oxidation to nitrate
by nitrite-oxidizing bacteria (NOB), which is

implemented using ammonia  oxidizers
community related to the phylum
Thaumarchaeota /  Crenarchaeota  and

Proteobacteria, respectively.

23

2019: 4(1): 20-36

|<===== Ammonia Oxidation ============>|<==Nitrite Oxidation =>|
AOB NOB
(ammonia) (hydroxylamine) (natrite) (nitrate)
NH; ====z222> NH,0 == >NO, == =>NO;
Ammonia Hydroxylamine Nitrite
monooxygenase  oxidoreductase oxidase

Fig. 2. The Nitrification Process.

Ammonia monooxygenase (AMO)

Understanding the ammonia
monooxygenase (AMO) protein is not yet
complete now generally due to this protein has
still not been obtained in a highly purified active
state from autotrophic AOB (Bennett et al,
2016). Several of what is presently understood
around the structure and characteristics of AMO
appears from indirect evidence recovered from
isotope and inhibitor investigation  with
researches related to the characteristics protein
isolated from heterotrophic nitrifying microbes or
intact cells (principally with N. europaea) (Bothe
et al., 2000). AMO protein in N. europaea and
possibly scarce other autotrophic AOB is a
membrane-bound enzyme (Klotz et al., 1997), a
copper-containing (Hamaoui et al., 2016). It is
allowed that AMO contains at the minimum three
subunits, amoA, amoB, and amoC, with various
compositions, arrangements, and sizes within
the biological membrane periplasmic and
membrane space of the cell wall (Figure 3)
(Haaijer et al., 2013).

The catalytic oxidation of ammonia is
trusted to be found in amoA. Predicted from the
amino acid sequence, the subunit amoA would
contain five transmembrane domains and huge
periplasmic segments including an unequal
number of amino acids, while the subunit amoB
has two transmembrane segments and two large
periplasmic loops (Hooper et al., 1997). The
subunit amoC might help as a manager that
controls amoA and amoB interactions to
conserve AMO usability (Klotz et al., 1997).
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Furthermore, AMO could catalyze the oxidation
of large range organic substrates, for instance;
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halocarbons, alcohols, and

(Suzuki et al., 1974).
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Fig. 2. Diagram of ammonia oxidation pathways and the electron oxidation of ammonia oxidizers

community (Whittaker et al., 2000).

Ammonia oxidizing archaea (AOA)

Autotrophic AOB of the gamma- and
beta—subgroups of Proteobacteria (Kowalchuk
and Stephen, 2001; Purkhold et al., 2000) were
long thought to represent the particular microbes
to oxidize ammonium, it was recently shown that
some AOA might also implement this process
(Konneke et al.,, 2005; Treusch et al., 2005;
Venter et al., 2004). The AOA is observed after
over a century of AOB thought out to be the
critical control for ammonia oxidation (Shen et
al., 2012). The AOA was uniquely reported since
2005 (Konneke et al., 2005; Treusch et al.,
2005). The more reconsideration in our
knowledge of the nitrogen process observed the
isolation of the first AOA. The capability of AOA
converted to nitrite has been determined to a

24

unique phylum Thaumarchaeota (Brochier-
Armanet et al., 2008; Muller et al., 2010). The
Nitrosopumilus spp is closely correlated to
abundant communities of ammonia-oxidizing
archaea identified using a genetic marker of 16S
rRNA genes (DelLong, 1992; Fuhrman et al.,
1992).

All known AOA are linked with the novel
suggested phylum Thaumarchaeota (Brochier-
Armanet et al., 2008) and are perceptible
phylogenetically through their distinct 16S rRNA
and amoA gene sequences (Stahl and de la
Torre, 2012). Early detection of AOA was

previously clustered within the phylum
Crenarchaeota. However, investigation of
recently available genomes appeared

phylogenetic differences between AOA and
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other crenarchaeal microbes, suggesting the
cluster Thaumarchaeota (Brochier-Armanet et
al., 2008; Spang et al.,, 2010). All modern
laboratory AOA cultures carry amoA genes, and
AOA have appeared a mere possibility to
increase power from ammonia and fix inorganic
carbon (Stahl and de la Torre, 2012). However,
abundance amongst determined AOA extends
beyond this summarization, especially regarding
optimal growth conditions and metabolism. Such
as, some AOA grow optimally in nature habitats
distancing from acidic to slightly alkaline
situations; Ca. Nitrosotalea devanaterra grows at
pH 4 (Lehtovirta-Morley et al.,, 2011), N.
viennensis and N. maritimus were cultured in
neutral pH of 7.0-7.5 (Konneke et al., 2005;
Tourna et al.,, 2011), and several AOA of soil
grow well at pH 8 (Bengtson et al., 2012). Also,
current discovering recommends that some AOA
could be capable of heterotrophic or mixotrophic
growth. While the natural compositions inhibit
ammonia oxidation in Ca. Nitrosocaldus
yellowstonii (de la Torre et al., 2008) and N.
maritimus (Tourna et al., 2011). The 16S rRNA
genes of these AOA contribute to 98% sequence
homology, and 97% sequence homology
through N. maritimus (Muller et al., 2010), which
scales in cell diameter from 0.17-0.22um
(Konneke et al.,, 2005). This extraordinary
discovering, besides a plethora of recent data on
AOA since their early detection, indicates that
there is much further to learn about these
microbes.

Many studies have emphasized the
characteristic distribution of AOA and their
guantitative dominance higher than AOB in
several terrestrial and aquatic environments, e.g.
(He et al., 2007). They are observed extensively
distributed in several ecological systems
(Monteiro et al., 2014) and have the diversity of
detectable (Walker et al, 2010). Their
physiology, ecology, and genomics in soil and
marine ecosystems have been extensively
investigated (Hatzenpichler, 2012; Prosser and
Nicol, 2012). Furthermore, gaps in our AOA
understanding currently exist (Wang et al., 2015;
Wang et al., 2013; Wang et al., 2011).

25

2019; 4(1): 20-36
Ammonia oxidizing bacteria (AOB)

Ammonia oxidizing bacteria (AOB) are
compelled aerobes and are
chemolithoautotrophs. However, several species
could be highly tolerant of anoxic or low oxygen
environments (Bodelier et al.,, 1996). AOB
isolates of aerobic were confined to two
evolutionarily distinct phyla (Head et al., 1993).
Moreover, it was presented that whole strains
isolated from freshwater and terrestrial habitats
related to the same one (monophyletic)
evolutionary group, the [(-subclass within the
class of Proteobacteria (Head et al., 1993).
Regarding the 16S rDNA sequences, the [3-
subclass AOB can be divided into two different
dominant groups of the family; Nitrosococcus
mobilis and Nitrosomonas spp might be
described into one descent, whereas
Nitrosospira, Nitrosovibrio, and Nitrosolobus
belong to another decent (Figure 4).

The comparative sequence analysis of
genes encoding was functioned enzyme
catalyzing part of AOB, for instance, amoA
genes encoding a subunit of a critical protein
amoA, which catalyzes the beginning stage of
ammonia oxidation. The marker relative to
phylogenetic investigation using 16S rDNA and
amoA gene as indicated molecules introduced
similar, however not identical, developmental
relationships of AOB (Purkhold et al., 2000).

A small number of strains prefer
oligotrophic and eutrophic natural habitats,
respectively (Bock et al.,, 1990). In the

environment, several strains of AOB have been
detected in sub—optimal habitats, for example,
marine sediments (extremely low oxygen
tensions), hot springs and deserts (temperatures
= 60 °C), deep oceans (temperature < 5 °C),
building sandstone (low ammonium levels), and
acid soils (pH < 4) (Watson et al.,, 1989).
However, the optimum temperature range for
growth is 25°C -29°C, and pH value
approximately 7.5-8.0 have been determined for
whole recently isolated AOB strains (Koops and
Pommerening-Roser, 2001). The comparative
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relevance of AOA and AOB

oxidation

is

their

in  ammonia

relative contribution to

nitrification that could change depending on
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environmental conditions and yet not completely
understood.

Mitrosococcus mobilis Nc2
. Nitrosomonas halophila Nm1
Nifrosomonas europaea Nma0

Nitrosomonas eutropha Nm57

Nifrosomonas communis Nm2
- Nitrosomonas sp. Nm33
Nitrosomonas nitrosa Nm90
ENifrosomonas sp. Nm41

Nitrosomonas ureae Nm10
Nitrosomonas oligofropha Nm45

|j Nitrosomonas aestuarii Nm38

Nitrosomonas marina Nm22
L Nitrosomonas sp. Nm51

Nitrosolobus sp. NI20
Nitrosolobus muitiformis

Nitrosospira sp. Nsp1

Nitrosospira sp. Nsp12

; Nitrosomonas cryotolerans Nm55
Nitrosospira sp. AHB1

Nitrosospira briensis Nsp10

{LNﬁ'rrosovibn'o tenuis Nv1
Nitrosovibrio sp. Nv6
Nitrosospira sp. NpAY

rmirrasosp:m sp. Nsp17

— Nitrosospira sp. Nsp2
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Nitrosococcus halophilus Nc4 ™)
Nitrosococcus oceanus Ncl10 Gamma AOB
| Nitrosococcus oceanus C-107
N. europaea/ \
N .mobilis
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N. commuris Nitrosomonas
cluster lineage (include
Nirosococcus
1 mobilis)
i N. oligotropha
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N. marina
cluster
| . cryotolerans )
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cluster N Beta AOB
Nitrosospira
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Fig. 3. The phylogenetic correlation of most established AOB based on 16S rRNA gene sequences
(~1400 bases) from the GenBank information (Aakra et al., 1999; Head et al., 1993; Pommerening-Roser

et al., 1996; Rotthauwe et al., 1997).

Nitrite oxidation bacteria (NOB)

Nitrite oxidizers bacteria (NOB), the
second step in nitrification, catalyzing the
oxidation of nitrite to nitrate. The unique

identification of nitrite-oxidizing bacteria (NOB) is
related to the cell shape, the unique appearance
of cytoplasm membrane compositions (Watson
et al., 1989), and various fatty acid profile (Lipski
et al., 2001). NOB was separated into four
families. This identification was approved and
newly increased to six families, depending on
relative to sequence analysis of 16S rRNA. Two
electrons are dissipated when nitrite is oxidized
to nitrate. The shaping of nitrate is catalyzed
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through the key enzyme of NOB, nitrite
oxidoreductase (Nxr), according to the following
formula:

NXxr:

®)

NO, + H,0 < NO; + 2H" + 2¢

Chemolithoautotroph NOB fixes carbon
dioxide (CO,), and about 80% of the power
produced through nitrite oxidation is utilized for
CO, fixation (Spieck and Bock, 2005). The
nitrite—oxidizing bacteria are very slow—growing
microorganisms with the least generation times
ranging from 10 hours for Nitrobacter vulgaris
(Bock et al., 1990), over to 90 hours for
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Nitrospira marina (Watson et al., 1986), under
Chemolithoautotroph growth conditions.

Complete ammonia oxidizer
microbes

(comammox)

The complete classification of nitrification
into two sequential steps, performed through two
various kinds of microbes was a secret for a long
time. The present detection of complete
ammonia oxidizer (comammox) organisms,
which completely oxidize ammonia transforms
ammonia into nitrite and then into nitrate (Costa
et al., 2006), within the Nitrospira sp has
importantly transformed our knowledge of the
aerobic nitrification process (Daims et al., 2015;
van Kessel et al, 2015). The primary
comammox microbes were detected within the
genus Ca. Nitrospira inopinata, Ca. N. nitrificans
and Ca. N. nitrosa. Earlier, this Nitrospira sp was
famed for characterizing between the highly
prevalent NOB, an idea that directed to
disregard their responsibility as ammonia
oxidizers for numerous years (Daims et al.,
2015; van Kessel et al.,, 2015). Cultivation-
independent methods have likewise classified
the appearance of comammox in soils, rapid
sand filters, wastewater treatment plants
(WWTPs), and drinking water systems (Daims et
al., 2015; Palomo et al., 2016; Pinto et al., 2016;
van Kessel et al., 2015).

Denitrification

Denitrification is the biological mediated
process, in which NO, N,O is produced from
NOs; and NO,, and N, is the final product
released into the atmosphere. Denitrification
may be an acceptable or unacceptable process
based on the habitats. Most denitrifiers use
anaerobic respiration. However, several species
might continue to denitrify in the presence of
oxygen, the phenomenon of aerobic
denitrification. The process is achieved through
autotrophic  denitrifiers  (e.g.,  Thiobacillus
denitrificans), although heterotrophic bacteria
have also been identified (such as
Pseudomonads and Paracoccus denitrificans).
The denitrification characteristics are common

27

2019: 4(1): 20-36

among archaea, bacteria and may even be
detected in a number of the Eukaryotes.
Denitrification is generally discussed one of the
essential  processes managing  nitrogen
discharges in rivers and streams, due to the
responsibility for removing fixed nitrogen
(Beaulieu et al., 2011; Pinay et al., 2018).

Dynamic of Ammonia Oxidizers
Community in Ecosystems

The dynamics and structure of ammonia
oxidation group in environmental ecosystems
have presented a comparatively complicated
issue given that the computations for natural
resources and characteristic environment. Up to
now, it is incomprehensible which
physiochemical conditions and environmental
factors affect AOA than AOB (Jia and Conrad,
2009). Many investigations have recommended
that AOA is dominated than (-AOB in
ecosystems (Adair and Schwartz, 2008;
Bernhard et al., 2010; Kalanetra et al., 2009;
Leininger et al., 2006; Santoro et al., 2010). The
AOA gene copies were shown several requests
for quantity moreover than the
beta—proteobacterial amoA gene in the North
Atlantic (Wuchter et al., 2006). However, the
investigation showed functional relationships
among the amoA genes and abundance
described by the gPCR targeting 16S rRNA and
using catalyzed reporter deposition CARD-FISH
by direct enumeration. Furthermore, it has been
confirmed that the number of AOA is higher
abundant than AOB in China (Liu et al., 2018),
the Gulf of California (Beman et al., 2008), and
the Japan Sea (Nakagawa et al., 2007).

Several investigations have shown that
the AOA is dominated than B-AOB in
ecosystems, some studies have determined the
AOB be higher overestimated than the AOA
(Dang et al., 2010; Jin et al., 2010; Mosier and
Francis, 2008). The qPCR analysis showed that
AOA gene copies were lower than —AOB in the
San Francisco Bay, while the AOA was
determined at various concentrations than
B—AOB in the bay (Mosier and Francis, 2008).
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Stream Microbial Community,
Function Gene, and Research
Methods

Molecular methods are applied as a way
of describing and explaining the rational function
of these mesophilic aquatic Crenarchaeota
(Powers et al, 2010). Molecular detection
implementing 16S rRNA—-based and DNA-based
approaches have been the critical method to
detect the abundance, diversity, and activity of
ammonia oxidation. Identifying the phylotypes
and group of nitrifies promoting to the measure
and observed nitrify functioning is challenging.
Other than artificial environments, most of the
scientists have investigated the composition and
diversity of ammonia oxidization in aquatic
ecosystems using 16S rRNA gene-based
techniques. The 16S rRNA method was primarily
implemented in phylogenetical taxonomy of AOB
(Ahmed et al, 2016; Head et al.,, 1993;
Speksnijder et al., 1998).

Some studies have detected AOA, and
AOB found abundances in situ as the ammonia
oxidization could be a small percentage of the
total community. Furthermore, it is complicated
to extract the whole mMRNA entirely from
environmental samples. RNA and DNA amplified
can as such be biased due to characteristics
polymerase chain reaction (PCR) biases (Smith
and Osborn, 2009). Despite these difficulties, it
is especially useful to quantify transcripts as it
brings us a step closer to identifying the active
microorganisms than gene quantification alone.
Moreover, they carried out the model on how
targeting amplified can be available in
correlating nitrification activity to function (Zhang
et al, 2015). Several investigations have
discussed changes in AOB communities or
dynamics under various natural habitats (Li et
al.,, 2012; Wang et al., 2018). They determine
that AOB were unaffected by salinity changes,
however, they included lower transcriptional
activity as salinity raised, and AOA had
maximum transcriptional activity at average
salinity. Up to now, the publication has provided
complementary confirmation on how AOA and

28
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AOB respond to salinity, making it more crucial
to encouraging field studies with
laboratory—based experiments.

Recently, a study has been designed to
determine and measure the ammonia oxidizers
community in different samples taken from either
habitats or engineered methods by combining
other molecular approaches, for instance, PCR,
fluorescent—labeled  oligonucleotides  probe
hybridization, dot blot hybridization, gPCR, and
competitive PCR (Hiorns et al., 1995; Kowalchuk
et al., 1998; Liu et al., 1997; Phillips et al., 1999;
Wang et al., 2014; Ward, 1996; Ward et al.,
1997; Whitby et al., 1999). Terminal-restriction
fragment length polymorphism fingerprints (T-
RFLP) is an essential microbial environment
method, which may be applied to observe
abundance and composition and measure
communities in a statistical manner (Lueders
and Friedrich, 2003). An analysis of T-RFLP
profiles will present an insight into the level of
abundance and diversity of ammonia oxidizers
community within and between sampling
locations.

Adaptation of ammonia oxidizers
communities in natural habitat

Explaining how various microbes adapt to
the ecosystems or how the habitat chooses
various microbes remains an essential question
in microbial ecology. AOB comprise of eminent
genera Nitrosomonas and Nitrosospira, both of
including as a minimum of four subgroups.
Besides, Nitrosococcus that relates to the
Gammaproteobacteria is detected mostly in
marine environments (Purkhold et al., 2000;
Stephen et al., 1998). Nitrosomonas spp are
dominated in environments of the maximum
nitrogen charging, for instance, wastewater
treatment plants and eutrophic ponds, while
Nitrosospira spp are commonly prevalent AOB
clusters in sediments (Mintie et al., 2003; Okano
et al., 2004). The performance and adaptation of
AOB will base on the ecotypes and species but
not the genus (Ke and Lu, 2012). Clearing the
function and abundance will need an
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understanding of the environmental physiology
and adaptation of various ammonia-oxidizers
communities in habitats (Schleper and Nicol,
2010). The collecting information was
recommended that AOA might play more
function than AOB under situations, for example,
low substrate accessibility and at minimum pH
(Martens-Habbena et al., 2009; Roesch et al.,
2007; Valentine, 2007).

CONCLUSION
Molecular biology approaches have
achieved the investigation of unidentified

microorganisms and their function in various
natural habitats. Nearly more than one hundred
of the diverse genomes per gram occur in soils,
and the numbers might be higher in habitats of
aquatic likewise. The review describes notes on
the various adaptations of AOA and AOB
communities to shift in the sediment. Target
DNA (functional genes or 16S rRNA sequences
encoding) might be amplified by cloned,
sequenced and PCR. The technology such as T-
RFLP, TGGE, and DGGE might be facilitated to
sample sets for the evaluation of regional and
seasonal variations. Therefore most obtained
sequences for functional genes will be novel.
The status did not become dramatic in the 16S
rRNA sequences situation. However, the
functions of each environment will increase
unique sequence data of the 16S rRNA
databanks abundances. Recently molecular
technology, like microarrays with various copies
of all denitrification and nitrification genes, will
potentially help to show microorganisms for their
specific metabolic facilitate in the nitrogen cycle.
The excitement about the molecular biology
approaches which allow us to investigate
microorganisms directly in their environmental,
additional information will demand current
observations and an in-depth examination by
methodologies such as mRNA transcription
investigation and metagenomics under in situ
environments, and we require extra attempts to
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develop and characterize molecular methods, for
those organisms that are still unidentified.
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