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 Three strains, 13#, 15# and 17#, which had ability of denitrifying phosphorus-
uptake, were isolated and identified from a low carbon-source treatment system. Through
16S rDNA sequence analysis and homology comparison, three strains were identified as
Klebsiella pneumonia strain, Ralstonia pickettii strain and Acinetobacter junii strain,
respectively. The nitrogen and phosphorus removal study showed that all three strains
are denitrifying phosphorus removal bacteria, especially the 13# which is considered as
the efficient DPAOs for treating low carbon source sewage. The phosphorus release and
phosphorus uptake amounts of 13# were 0.72 and 0.88 mg/L, respectively. 15# and 17#
did not absorb excess phosphorus because of the high NO3

--N concentration (>50mg/L).
Furthermore, 13# and 15# are capable of denitrification under aerobic condition
suggesting that the LS-SDP existed simultaneous nitrification and denitrification (SND)
besides denitrifying phosphorus removal.
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Polyphosphate accumulation and
denitrification are important biochemical processes
in biological nutrient removal (BNR) system.
However, carbon source competition exists in
simultaneous biological nitrogen and phosphorus
removal system1, resulting in the low efficiency of
nitrogen and phosphorus removal in wastewater
treatment plant. This phenomenon is especially
prominent when treating urban sewage with low
carbon source2. In fact, the low carbon source
problem of urban sewage is currently widespread3.
Achieved high efficiency of nitrogen and
phosphorus removal under low carbon source
condition has turned to be one of the big problems
in the field of the environment.

From the late 1980s, several studies on
activated sludge systems and laboratory cultures
had proven that phosphorus accumulating
organisms (PAOs) can use nitrate as an electron
acceptor in the absence of molecular oxygen4,5.
Therefore, polyphosphate accumulation and
denitrification can be combined as an alternative
to conventional biological nitrogen and
phosphorus removal process.

There are some advantages of
simultaneous nitrogen and phosphorus removal
through the denitrifying phosphorus removal
pathway in wastewater treatment process, such as
simultaneous removal of N and P, less sludge
production. Furthermore, the major advantage is
that it can reduce the requirement for substrates6.
With the development of phosphorus and nitrogen
removal techniques in microbiological field,
denitrifying phosphorus removal have been
investigated more and more.
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Some authors have suggested that PAOs
could be divided into two coexisting groups:
denitrifying PAO (DPAOs) and non-DPAO7.
DPAOs can utilize either nitrate or oxygen as an
electron acceptor, whereas non- DPAOs can only
use oxygen. Further, DPAOs have also shown to
be able to utilize nitrite as an electron acceptor
despite it can have inhibitory effect on the aerobic
P-uptake. Some authors have shown results
supporting the presence of two different types of
PAOs in denitrifying P removal systems. It was
demonstrated that P was initially taken up under
anoxic conditions, but anoxic P uptake eventually
ceased despite the continued presence of nitrate
when anaerobic–anoxic–aerobic tests was
performed8. Once oxygen was introduced to the
system, P uptake then re-started. The proposed
explanation for this observation was the co-
existence of DPAOs, capable of using nitrate as
electron acceptor in the anoxic phase until their
PHA pools were depleted, and non-DPAOs, only
able to use oxygen for phosphorus removal, which
would be responsible for the subsequent aerobic
P uptake. Recent microbiological studies are
focused on assessing the link between the process
operation conditions and their microbial community
structure under different conditions such as the
type of carbon source. On the other hand, influence
factors of denitrifying phosphorus removal process
were also studies, e.g. the threshold concentration
that nitrite can be used for anoxic phosphorus
uptake in the denitrifying phosphorus removal
process9. Nevertheless, little information is
available on the performance of denitrifying
phosphorus removal on full-scale or pilot plants
are fed with real low carbon source sewage and
few references can be found where the efficient
DPAOs were isolated from low carbon source
influent system.

Based on the above, the denitrifying
phosphorus removal in the low carbon source
sewage treatment system with enhanced
denitrifying phosphorus removal function (LS-
SDP) was investigated. The previous study mainly
concentrated on the design of LS-SDP10 and the
establishment of the denitrifying phosphorus
removal performance in this system when treating
the low carbon source sewage (COD/TN<4.25,
COD<200mg/L)11. In this study, the main objective
is to investigate the nitrogen and phosphorus

removal characteristics of the DPAOs isolated from
LS-SDP. In addition, they were identified through
16S rDNA sequence analysis.

MATERIALS AND METHODS

Collection of microbial source
Isolation of denitrifying phosphorus

removal strains was done from activated sludge of
stable operation LS-SDP feeding with real low
carbon source sewage.
Isolation, identify and 16S rDNA sequence
analysis

Separation medium (include denitrifying
bacteria and polyphosphate accumulation bacteria
separation medium) and composition of trace
element12,13; Phosphorus deficient medium and Rich
phosphorous and nitrogen solution14; COD
solution: 1 L distilled water with 1 g CH

3
COONa.

Nitrate reduction test was done with Du-
canaliculus. Metachromatic granules and Poly-²-
hydroxybutyrate (PHB) reagent were also stained
and observed under oil lens

Target strains were isolated15 and their
DNA were extracted and amplified by PCR16.
Sequencing was accomplished by Invitrogen
Corporation Shanghai Representative Office. The
homology comparison of sequencing result and
known 16s rDNA sequences listed in the GenBank
was done by BLAST. According to the result of
sequencing, homologous sequence was found in
the GenBank database. The sequences were
aligned with CLUSTAL X software. A phylogenetic
tree was constructed using MEGA 4.0 with the
neighbor-joining and Bootstrap analysis (1000 re-
samplings) was used to evaluate the tree topology.
Experiment of nitrogen and phosphorus removal
of DNPAOs

The strains of above inclined medium
were inoculated into beef-protein medium with
inoculation loop. After being activated in the
constant temperature water bath oscillator at 30°C
for 24h, bacteria solution was inoculated into 200
mL phosphorus deficient medium. Inoculation
amount was 1%.

Simulating the practical operation process
of the wastewater treatment plant, nitrogen and
phosphorus removal capability of three strains
were studied by the culture method of pre-
anaerobic/ anaerobic /aerobic. They were cultured
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in the constant temperature water bath oscillator
at 30°C for 36 h. Then 5 mL aseptic COD solution
was added in for phosphorus release and cultured
in the incubator at 30°C under anaerobic condition
for 4 h (pre-anaerobic). Then 5 mL aseptic rich
phosphorous and nitrogen solution was added in
and cultured in the incubator at 30°C for the next 4
h (anaerobic). At last 5 mL aseptic COD solution
and 5 mL rich phosphorous and nitrogen solution
were added into bacteria solution and cultured in
the constant temperature shaking table at 30°C
(aerobic) for 6 h. They were sampled at the
beginning and the end of each stage (pre-
anaerobic, anaerobic and aerobic), respectively.
Meanwhile, sampling and determination the
concentration of total nitrogen, nitrate, nitrite,
ammonia nitrogen and phosphate were conducted
in every step. The operations all above were on
the aseptic table. Each experiment consists of three
parallel.
Analytical methods

COD, TN, NH
4
+-N, NO

3
--N, NO

2
--N and

PO
4

3--P were measured according to the Chinese
State Environmental Protection Agency (SEPA)
Standard Methods17.

RESULTS AND DISCUSSION

Isolation of the DNPAOs from the low carbon
source treatment system

21 strains were obtained from denitrifying
bacteria separation medium and 8 strains were
obtained by second selective culture in
polyphosphate accumulation bacteria separation
medium.

Among them, 13#, 15# and 17# strains
can deoxidize nitrate to gas. Furthermore, only 13#,

15# and 17# strains’ Metachromatic and PHB
granules staining test results were positive (Table
1). Thus, it could be judged preliminarily that 13#,
15# and 17# were the object strains capable of
denitrifying phosphorus removal.
Identification of the isolate

Comparing 16s RNA sequence of 13#, 15#
and 17# strains (1429 letters, 1429 letters and 1419
letters) with GenBank database, it can be found

Table 1. Screening result of DNPAOs

Strains Denitrifying PHB Metachromatic
nitrates to gas granules granules

2# yes no no
4# yes no no
5# yes no no
9# no no no
13# yes yes yes
14# no no no
15# yes yes yes
17# yes yes yes

Fig.1. Aphylogram (neighbor-joining method) showing
genetic relationship between Isolate strain and other
related reference microorganisms based on the 16SrRNA
gene sequence analysis (A: 13#; B: 15#; C: 17#). Species
names are followed by the accession numbers of their
16SrRNA sequences.
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that the similarity level of 16s rDNA of 13# and
several Klebsiella pneumoniae strains reaches
more than 99%. 13# is almost certain to be
Klebsiella pneumonia strains, named as Klebsiella
pneumoniae strain 13#( GenBank Accession
number: JX195716). While the 16s rDNA similarity
levels of 15# and several Ralstonia pickettii
strains, 17# and several Acinetobacter junii strains
reach more than 98% and 99%, respectively. So
15# is certain to be Ralstonia pickettii strain,
named as Ralstonia pickettii strain 15#( GenBank
Accession number: JX036030), and 17# is certain
to be Acinetobacter junii strain, named as
Acinetobacter junii strain 17#( GenBank
Accession number: JX195717).
The nitrogen and phosphorus removal
experimental of three strains

Target strains were inoculated into
phosphorus deficient medium and cultured for
about 36 h (DO 

600
 is basically stable). The

denitrifying phosphorus removal characteristic of
three strains in the low carbon-source treatment
system was studied.

The initial COD of Pre-Anaerobic was
42(13#), 33(15#) and 35(17#) mg/L, respectively. A
obviously degraded was observed at Pre-
anaerobic stage with the initial COD of next
Anaerobic was only 11, 5 and 5 mg/L for 13#, 15#
and 17# strains, respectively. The initial COD of
13#, 15# and 17# at Aerobic stage adjusted to 40,
38 and 34 mg/L, respectively after aseptic COD
solution was added (Fig. 2). However, the higher
initial TN concentration of three strains led to the
low COD/TN ratio during the whole processing
from Pre-anaerobic to aerobic stage which indicated

that the nitrogen and phosphorus removal
experiments of three strains were done under low
carbon source condition.

The differential values of PO
4

3--P
concentration at pre-anaerobic and anaerobic
stages showed that all 3 strains had the phenomena
of phosphorus release in pre-anaerobic and
phosphorus uptake in next anaerobic (Fig. 3). The
phosphorus release amounts were 0.72(13#),
0.58(15#) and 0.52(17#) mg/L, respectively and the
phosphorus uptake amounts in next anaerobic were
0.88(13#), 0.21(15#) and 0.47(17#) mg/L,
respectively. Meanwhile, Fig. 3 also shows that
the NO

3
--N and TN concentration differential

Fig 2. The initial COD and TN concentration (include
NH

4
+-N, NO

2
--N, NO

3
--N) of each stage

Fig. 3. The differential value of NH
4

+-N, NO
2

--N,
NO

3
--N, TN and PO

4
3--P concentration at each stage

(A: 13#; B: 15#; C: 17#)
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values of three strains at anaerobic stage were
obviously decreased compared with pre-anaerobic
stage showing that the denitrification rate of
anaerobic stage was lower than pre-anaerobic
stage. It was noteworthy that 15# and 17# did not
appear denitrification excess phosphorus uptake.
The possible reason was that the high NO

3
--N

concentration (about 50 mg/L) had a negative effect
on phosphorus uptake and this explanation is
supported by other report 18. Fig. 2 shows that the
NO

3
--N concentration of 15# and 17# at anaerobic

stage was 47.5 and 50.1 mg/L respectively while
13# was 50.7 mg/L. The results demonstrated that
13# could be considered as the efficient DPAOs
under low carbon source condition.

Combined with fig 2, the different nitrogen
and phosphorus removal performance between
pre-anaerobic and anaerobic stages might be
attributed to the presence of carbon source
available at pre-anaerobic. It was well-known that
the carbon source, especially the Sodium acetate
19, was benefited to denitrification and phosphorus
uptake. At anaerobic stage, the external carbon
source was almost exhausted and the internal
carbon source was used to denitrifying
phosphorus removal which led to the decrease of
denitrification rate.

The NH
4

+-N of three strains was
decreased throughout all the stages even under
anaerobic condition and the results indicated that
three strains might be heterotrophic denitrifying
bacteria. It has been report that Klebsiella
pneumoniae strain is aerobic denitrifying bacteria
20 Ralstonia pickettii strain is high oxygen-
resistant denitrifying bacteria 21 and Acinetobacter
junii strain is aerobic heterotrophic denitrifying
bacteria 22. Many aerobic denitrifying bacteria were
also capable of heterotrophic nitrification which
could convert ammonia into nitrogen gas without
intermediary accumulation of nitrite. However, 13#
got high NO

2
--N accumulation and reached 8.16

mg/L at pre-anaerobic stage. This might be due to
the denitrification process which was coinciding
with previous studies 20.

The NH
4
+-N removal amounts of 3 strains

were 3.68, 12.38 and 6.93 mg/L, respectively under
aerobic condition when the TN removal amounts
of 13# and 15# were 6.91 and 11.65, respectively.
The TN concentration of 17# remained essentially

constant throughout the whole aerobic stage
which reveals that 17# do not have denitrification
ability under aerobic condition.

Therefore it can be concluded that all
three strains are denitrifying phosphorus removal
bacteria. In particular, 13# is the efficient DPAOs
for treating low carbon source sewage.
Furthermore, 13# and 15# are capable of
denitrification under aerobic condition suggesting
that the LS-SDP existed simultaneous nitrification
and denitrification (SND) besides denitrifying
phosphorus removal.
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