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NO;-N

Na,SO4

1,500 g/m?

NO;-N
NO;-N NaNO;
CIN 15

20 g/m* PO, -P

Table 1

Table 1 Conditions for continuous denitrification experiment

Run NO3-N[g/m®] CH3;COONa-C[g/m?] Salt conc. [%]
1 1
2 4
3 1,500 2,250 7
4 10
5 13
50
L Table 1 Runl
3
1 1
0.5 kg-N/(m® day)
Fig. 1 1% 4% 7% 10% 13%
C/N 1.5
DNA 16S rRNA
ISOPLANT NIPPON
GENE DNA DNA
16S rRNA

Eub341f Univa07r
triphosphate, 25 mM MgCl,, 5 U rTaqg DNA polymerase (TOYOBO), rTaq 5 uL 10x PCR

buffer, 50 pL

PCR 25 ng DNA 10 pM primer, 2 mM deoxynucleoside

53°C, 30 sec; 72°C, 40 sec)x30+(72°C, 2 min)

16S rRNA

PCR (94°C, 2 min),(94°C, 30 sec;

PCR
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QIAGEN PCR cloning Kit QIAGEN
Insert check-Ready-solution TOYOBO
PCR Wizard SV Gel and PCR Clean-Up System Promega
ABI PRISM BigDye v3.1 Terminator Applied Biosystems

(94°C, 10 sec; 50°C, 5 sec; 60°C, 4

min)x25 SigmaSpin Post-Reaction Clean-Up Columns
Sigma ABI PRISM 3100-Avant DNA
Sequencing System, Applied Biosystems DDBJ DNA Data Bank of
Japan BLAST
DDBJ CLUSTAL W Tree View
T-RFLP
DNA
16S rRNA
Eub8f Univ927r PCR
T-RFLP Euf8f  6-carboxyflourescein 5¢
Hha Msp Xsp TAKARA
37°C 4h
Gene ScanTM -500L1ZTM- SizeStandard Applied Biosystems DNA
94°C 5 min T-RFLP
1%
10% Runl Runi4 NOx-N Fig. 1
Run 1 1%
NOx-N 1.25 kg-N/(m*® day)
NOx-N 19% 15 84%
1.5 kg-N/(m® day)
210 NOx-N 5%
10% Run 4
20 100% NOx-N

1.25 kg-N/(m*® day)
46% 30
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2.5 kg-N/(m*® day)
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Fig.1 Time course of NOx-N removal percentage in continuous denitrification
experiment. Closed circles: NOx-N removal percentage; Line: Nitrogen load. (a) Run
1 (salt conc. 1%); (b) Run 4 (salt conc. 10%).
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M 83548 Aquifex pyrophilus
[ CL-07 . .
AJ585238 Deinococcus grandis
CL-25 (9) n
CL- 4;2) ~ O
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AY 599655 Chryseobacterium sp. S T
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AY 258079 Sulfitobacter sp. DG885
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AY 258074 Roseobacter sp. DG869
CL-05 (2)
CﬁF93(854)205 Rhodobaca bogoriensis alpha
AF461158 Paracoccus denitrificans
AFA461158 Paracoccus zeaxanthinifaciens
CL-12 =
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ALF ldomarina loihiensis ]
Colwellia sp. ANT9196
Colwellia sp. MGP 59
gamma

Halomonas sp. A-07
Marinobacter lipolyticus

Marinobacter excellens

Jﬁ?ﬁ
aror» co o
Tr<r<>0>0nF23>0
OuH'H<r<rmlﬂ<r
QP rw, v, ROUL N
SNoNurborewPRaNa N
SPrPovoronsCO~N N2
o ow_o N oS 0
» orww hvng by
o~ % ~ o
T <
»
23
S 3
3 o
S 3
IS
PN
RS
< ~
5 8
3N
j\} ©
s 2
S
1)
|

9 Pseudomonas sp. CJ1107 _

Fig. 2 Neighbor-joining phylogenetic tree based on 16S rRNA sequences. Abbreviations
for the phylogenetic tree: CL, clones from Runl on day 21. Sequences which had a
similarity more than 97 % were considered to belong to the same group and the sample
numbers are shown in the brackets.
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Fig. 3 Results of T-RFLP analysis using Hhal. Numbers for T-RFLP: (i) 1 % salt
concentration; (ii) 10 % salt concentration.

Fig. 1 Fig. 3 10%
130
Fig. 4 Fig. 4
v-Proteobacteria CFB group (Cytophaga-Flexibacter-Bacteroides) Low

G+C Gram Positive (Bacillus/Clostridium)

v-Proteobacteria  74%

v-Proteobacteria Marinobacter 30% Halomonas
40%
1% 4% 7% 10% 13% T-RFLP
Fig. 5 Table 2
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Aquifex pyraohilus[M83548) ]

Bacillus veckeri [Z48306] 5
L@ 2
Bacillus agaradhaerers[AY553093] ®
Bacillus pseucbfimmus [X76439] +
Bacillus lentus[D16272) 0
Streptococcus parasanguinis [AF543299] 9?
—— 3% s
Streptococeuss thermophitus[Avissasd] | 3
Clostridium bifermertans [X73437] 'OU
4‘5 Clostrigium litorale [XT7845) .
213 =
Clostridium sticklanclii [L04167) 3
CL-10(3)

Anaerobranca gottschalkif [AF203703]
Anaerobrarca califormiensis [AY064218] ]
Uncultured CFB group bacterium [AF449784]
Oyclobacteriumsp. [AY259502]

Belliella baltica[AJ564643]

CL-07 (5)

CL-08

Ortophagasp. [AB015262]

—L Fataternumsp. [avssms)

labmarina loihiensis [AF288370]

Colvellia maris [AB002630]
CL-25(2)
Bacterial sp. [X92129]

i 3Ry peucbalcalige s (219686

U Aldroras stutzer [UPSIED] ™
\ e NFIIODECTEY H00NCLIS [AY 147908 \
N L2 (7 30%
v wﬂzwx@mfmfmnw[wwzl :

dnoib 949

A I—érlmuwsahm [AJQASM?’]

— FHERIOTONRS Viariabilis [AY204638]

CL-11 {4

Haloronassp, [AYATI0 40%
CL-03(12)

{ Halorronas nitritophilus [AJ309564]

a-23(8

Halormonas desiderata[X924117]

©119198(q09]104d-eWWeH

01

Fig. 4 Neighbor-joining phylogenetic tree based on 16S rRNA sequences. Abbreviations
for the phylogenetic tree: CL, clones from samples of day 130. Sequences which had a
similarity more than 97 % were considered to belong to the same group and the sample
numbers are shown in brackets.

Table 2 Dominance of y-Proteobacteria for each salt concentration sample

Salt conc. [%] Dominance of y-Proteobacteria [%]
1 15.40
4 34.35
7 86.27
10 81.76
13 89.96
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Fig. 5 Results of T-RFLP analysis of samples with different salt concentrations. Hhal was
used as a restriction enzyme.Numbers for T-RFLP: (a) 1 % salt concentration; (b) 4 % salt
concentration; (c) 7 % salt concentration; (d) 10 % salt concentration; (e) 13 % salt

concentration.
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Fig. 6 Results of T-RFLP analysis of samples with different salt concentrations. Xspl was
used as a restriction enzyme. Numbers for T-RFLP: (a) 1 % salt concentration; (b) 4 % salt
concentration; (c) 7 % salt concentration; (d) 10 % salt concentration; (e) 13 % salt
concentration. e Marinobacter spp.; = - +~Halomonas spp.

[ y-Proteobacteria (Hhal)
[1 Halomonas spp. (Xspl)
@ NOx-N removal rate

100 ' 0.2

é QS
© 80 016 £2
o c_g ;)
60 012 23
o S =
& 40 008 Z E
o 5 <
S 20 004 22
(a

0 0

Salinity (%)

Fig. 7 Percentages of y-Proteobacteria and Halomonas spp., that were calculated from
T-RFLP data using Hhal and Xspl, respectively, and NOx-N removal rate per sludge amount
under various salinity conditions.
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Fig. 6 Halomonas
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Summary

A denitrification system for saline wastewater utilizing halophilic denitrifying bacteria
has not been developed so far. In this study, denitrification performance and microbial
community under various saline conditions were investigated using denitrifying sludge
acclimated under low-salinity condition for a few years as seed sludge. A continuous
denitrification experiment showed that denitrification performance at 10 % salinity was
higher than that at 1 % salinity. The microbial community in the denitrification system of
saline wastewater was monitored by terminal-restriction fragment length polymorphisms
(T-RFLP) analysis during acclimation to high-salinity condition. T-RFLP profiles and clone
analysis based on 16S rRNA encoding gene in the sludge of the denitrification system with
10 % salinity indicated that vy-Proteobacteria, particularly Halomonas spp., were
predominant species, suggesting that these bacterial members showed a high denitrification
activity under high-salinity condition. Furthermore, the investigation of denitrification
performance under various saline conditions revealed that 4-10 % salinity result in the
highest denitrification rate, indicating that this salinity was optimal for predominant
bacterial species to exhibit denitrification ability. These results indicate the possibility that
an appropriate denitrification system for saline wastewater can be designed using

acclimated sludge with a halophilic community.
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