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1Tol=, EBRSGMEFELDIZH D% Table 1 1TRT,

Table 1 Conditions for continuous denitrification experiment
RUN NOx-N CH;COONa Salt conc. Salt
[g/m’] [g/m’] [%]
L I Na,SO,
2 1,500 2,250 10
3 NaCl

FEVGIRICIL, BBHFE K CRMIMBIZL Qz ik
DIEIB VRIS D SA T AR D> Tl a2 &
LT, FARLBEOIREGEZ 17 A MR EBIZE L
{BUE (LA, FARLERIGIR) 2 e, 7o, #BfEStEe
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AR AR, 1 H 1 RIZ20BIEREIRETHIETK
IAE NG IR % 5 8 BE VR T D 801255 8 | AL
WA T o0z, ek, FRBMEITEFZANM 05
kg-N/(m’ « day) 5 bk D THLBR N 22 78 U 7= BRI 1T AR iR
DEZRBE T BB ETERBEOTHEEL LD
L TR CEEANE BT,

2. 2 DNA D#HHE LY 16S rRNA Bz FDEH
£ R IOIBREY U T BEL ., BN LT 2—
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U7z, #HH L7 DNA ICxL CREIEMEL M35
728, 16S tRNA A5+ D4 E 1M (2B B A 72 Ik
wH—7yheLTe 7T A4~ —, Eub8f-Univ926r %M\ T
PCR (25 ng DNA, 10 pM primer, 2 mM deoxynucleoside
triphosphate, 25 mM MgCl,, 5U rTaqg DNA polymerase
(TOYOBO), rTaq 1 5 pL 10xPCR buffer, 50 uL (ZJ&
B TART v 7 ) AT o7, 7236, 1354172 DNA FAiliE pE
W7z T-RFLP {EIZHWD5E 213, Eub8f 7T 1 ~—D
5’ K¥i% 6-carboxyfluorescein (2 CHHEAZ L TRV,
F72. PCR OGS MEIE (94°C, 120 sec: BAZ M) +
(94°C, 30 sec: #AE:;53°C, 30 sec: 7=—VU>7;72C,
30 sec: fHESE) x30+(72°C, 120 sec: fHEE) EL
7~
2. 3 T-RFLP EICLDWMEMEDE=R)Y

2. 2 2o THEDLIL- DNA HEEEEM 245 5 - TR 14 .
HIFREEE Hhal, Xsp I (TAKARA) % FVCHill BRE% 35
Bt (37°C, 4 B§[#]) ATV, BEREPEY D A b 21T -7,
SHIICANLALTIRNEBEDT GeneScanTM-500
LIZTM-Sizestandard (Applied Biosystems) Z 1z, DNA
DM (94C, 5 min) Z{T\V, ¥ —F - —2HWT
T-RFLP {EIZ KDt 21T 272,
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P27 ND 16S IRNA BinTZ4—7 vheLiz PCR
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(QIAGEN) Zf W CH T ra—= 7 %4750, A7 —
1Ay hIUAT A= ar ER AN an=—%
v 777, Insert check-Ready-solution (TOYOBO)
ZMH\WT DNA OA Y — i, PCR CTHEEL
{To7=, 5 bh 7= PCR HIEPEW 2 % L . BigDye
Terminator v3.1 Cycle Sequencing Kit ( Applied
Biosystems) &AW TCH AN —F L AE T2, A

IV =l AD RIG AT (96°C, 60 sec)+(96°C, 10
sec:50°C, 5 sec:;60°C, 4 min) x25 L7, (&b =W
7" )L % SigmaSpin Post-Reaction Clean-Up Columns
(Sigma) # HWCTHEREEZITWV, > —F 7
(ABI PRISM 3100-Avant DNA Sequencing System,
Applied Biosystems) #1757, S5H(Z, DDBJ (DNA Data
Bank of Japan) ® BLAST &% H W\ CENZE D/
— UKL THRED S W E O ZR 21TV, Ghi7
7 — %% 312 DDBJ @ CLUSTAL W XX Tree View %
AW TR ZER LT,
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&L T, a-, B-, y-Proteobacteria &3, £ IUTKF
BT a—T RO TE AL I NIE D E &1
S A T o7, £72 2.3, 2.4 O T-RFLP BILUERM
FERAT it B LV e R P AR AL R A NI S LTV D
EEZONDBAEMRICKT L CHIRRIZ, 2O EY TR
BT a—7 % AW T FISH {EE21TV, E&MEE
MizITHZE T, ZOMAEMTED 5 R L2 0P 6E
DERRIZ OV TR E T o7,
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TR O L) B G s RS FE K AL
HUZRFA Tlided, — B ThLZ LA R T 728
\CRE R & A BB K2 O T 2 B R BR A1 T o T2,
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Fig. 1
percentage ; Line: Nitrogen load.

Time course of NOx-N removal percentage in continuous denitrification experiment. Closed circles: NOx-N removal

(a) RUN 1 (salt conc. 1%), (b) RUN 2 (salt conc.10%, Na,SOy,), (¢) RUN 3 (salt conc. 10%, NaCl).
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TG IEBI A RE L R S O IR 1% CiEfsL7- RUN
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KRNI REY TV 7L (14, 36, 75 H) ., DNA
ZHiH# . PCR 47\, DNA ZHEIE L 72, £45472 PCR
TR FEMI L, I FRE%SE Hha 1 2 VN C DNA Z#
{fbkL. T-RFLP {EICLDMAEME D=LV T 1T 5T,
ZDOfER% Fig. 2 1R 7,

KE T —# (Fig. 1)& T-RFLP fERAERSLADET
HHENRMEIR ST GEIRE 1%) CERAME LA
SEHEMTMHE OIS RUN 1 TiE, oy —7
WHERCED, — . mERE ST GEIRE 10%) T
BHRAME LAESETHEOICHLBEDHL T, Bl 2
BEh =R A 22 TE IR > TV M2 RUN 2 B L3 T, 205 bp
BLUN565 bp DE—IRFAEITHN TNDHI LD R T
x5,

ZIT, BEROY—7EHBICRTHINLOE — 71
FEOEHRITOWTRIB LIRS R (Fig. 3) | RERES
T GEREE 1%) CERAME LI ED
HALL7ZRUN 1 TlL, 200 —ZEED 5 H R #D
L7, — 7. mBERESMET CGRIBE 10%) CERARN
Z EASHETCWDEDIZH DL T, mO LR LB A
LIRS TVZRUN 2 BXON3 Tk, HARIT—E
FITHRLTWAZEDNHER TEZ, ZO/R RN, &
WIRERM FICBWCRE LM LI Z M I EY
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Fig.2 The 16S rRNA gene-targeted T-RFLP profiles with restriction enzyme Hha I
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Fig. 3 Percentages of T-RFs of 205 bp and 565 bp calculated from T-RFLP data using Hha 1

3.3 BEEEXEHTCOEBLEDNRTE
K'E T —4 (Fig. 1) BLO T-RFLP #5% (Fig. 2) &V
RUN 3 DR TIHALERS RAF T O S 2 EL T
WAHZENHERTE272%. 75 H B OB RY 7 v (it
ZALPRZN R 94%, EHEAM 1.25 kg-N/(m’-day), HE
£ 10%, NaCl) #f\\Tr/a—=2 7 BXORFAET %
ATV WLEEALER S B AT 70 s s BE SR N O S k375
WAEMFEDRIEEIT-T2, TOFERE Fig. 4 1”7, £
7o, ERIRE S TICB W RO REN R sz ik
S7C, Bl ZALEAE N OB ST DA I B
NDDINEIINTOWTIRETZATH 2D, AR E DS
PR R CRLZEELA{T> T % RUN 2 @ 110 H HDiHE
U7V (BLEE LB 95%, ZERAMT 1.25 kg-N/(m’»
day), HEIRIE 10%, Nay;SO) IZ DWW TH AR/ m—=2
T BLORGIENT 21T o7, Z D5 HR% Fig. S 1T,
F9 Fig. 4 (R T IDIT, NaCl & v 7z = e FE i 22
JLERFE NI FELT y-Proteobacteria (ZJ& 9% Halomonas
J& . 33K B-Proteobacteria (ZJ& 3% Azoarcus J& 12T #%
7285 £ W F (uncultured B-Proteobacterium) THERLE L
TWDZ LN TEIz, — 77, L L TNa,SO, & v e
e MR R I AL B A NI Fig. S5 IR T RO EI
Halomonas J& CHERRS AL CWAZEDFER TE Tz, b
DAY FEE T-RFLP 5% (Fig. 2) LROLADEDE,
Halomonas J&i% 205 bp DY —21Z, 7= Azoarcus J&(Z
TR A FRIE 565 bp OB —ZIZIR BT D2 L) ik
FTE, Fig. 3 WO T INCTNOOMAEYFED = i
FE A T O L E ALERFE N IS 5L L T DT LD fERE

Sz,

ZZ TR T o 7 B BE K AL B BR D R LA o+
THELETHE, WBBIFERIG e T & e o B gk
B ALERAE PN 1212 Halomonas J& 38X T8 Marinobacter
JBOME A, — . FKALERIG YA T A BE K AL
FRAE PN 1213 Halomonas J& 35 X OY Azoarcus J& | 2 UT #7214
AWFEDE 5L T2 EMb WP OALFERENIC
HIFFEL TV = Halomonas J& 23 i L4 Tz
TEWIRELEZH > TOB A REME N BN Z AR X
N7z, =4 EIOFER) S, Halomonas &I OFEFEIC
Bbo3, EERE LG TICBW T ELHEZ ST
WHEEZ B,

3. 4 IBOEHICKIMEMED LLE

TR S TR i 2 ALER R N L2 BT o F R
INHIRDZ LI Lo THAEM I AL BLAIL TV D D7)
EIMITOWTRFEATH IO FISH LI LA E &AVRF
Mixz1T>7%, AEIZ—52>yhEL T, a, B,
v-Proteobacteria 8N, ZNZE IR T m—7
ERHWCHEAL I ML D E BT -7, &
72 3.2 BXW 3.3 @ T-RFLP BXURMMHTHEH
X R L A LB A PN 121X Halomonas & 23ME (b
LTCWAEEZBNST=%, Halomonas J& 28 A2 7 1
— 7% W CRARIZ FISH {E247\0), & EARHEZ1T
Z LG Halomonas J& ™ b5 3 L i %2 3l S D BAFRIZ O
THE %177, FVW=70—7% Table 2. FISH 1£D
#it Fe% Fig. 6, Halomonas J& D A LML E L DR
%% Fig. 7 \TRT,
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M83548 Aquifex pyrophilus
AY258128 Bacterium DG1021
1 CL22

CL 65 -

AB025191 Paracoccus sp.
AF461159 Paracoccus zeaxanthinifacies

Y16930 Paracoccus denitrificans
AB025188 Paracoccus sp.

AY25807 Roseobacter sp.
L AF384205 Rhodobaca bogoriensis

eydpe

AJ132383 Natronohydrobacter thiooxidans
CL 66
CLO7

CL54

AJ005817 Thauera terpenica
S AJ746127 Thauera sp.

X83532 Azoarcus sp.
L33689 Azoarcus tolulyticus

CL 01(42)
AJ582195 uncultured p -Proteobacterium

CL 19(10)

AY959943 Alcaligenes faecalis
ﬂ05447AlcaligeneS defragransa
] AB008001 Pseudomonas putida I

4‘_—ABO73312 Pseudomonas aeruginosa
—] AF288370 Idiomarina loihiensis
1
AY167297 Colwellia sp.

{ AF530146 Colwellia sp.

AY147906 Marinobacter lipolyticus

Marinobacter excelentus

©19q
BLI9)0BQ09)01]

AB125942 Marinobacter alkaliphlus
CL51

rwiwesd

AY347310 Halomonas sp.

CL 15

rl—AY204638 Halomonas variabilis
CL79

AJ309564 Halomonas nitritophilus

0.1

X92417Halomonas desiderata

Fig. 4 Neighbor-joining phylogenetic tree based on 16S rRNA sequences. Abbreviations for the phylogenetic tree: CL, clones from
samples of day 75 of RUN 3.
Sequences which had a similarity more than 97% were considered to belong to the same group and sample numbers are shown in

brackets.
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M83548 Aquifex pyrophilus
CL 32

| CL55

AJ005817 Thauera terpenica
CL12
— CL79
CL58

I CL 54
AJ746127 Thauera sp.

X83532 Azoarcus sp.
_L_ L33689 Azoarcus tolulyticus
AY959943 Alcaligenes faecalis

|: AJ005447 Alcaligenes defragrans

CL58

AY258074 Roseobacter sp.
CL 10
—

L_ AF384205 Rhodobaca bogoriensis
AB025191 Paracoccus sp.
Y16930 Paracoccus denitrificans
AB025188 Paracoccus sp.

. — W X
AF288370 Idiomarina loihiensis

AY167297 Colwellia sp.
{ AF530146 Colwellia sp.
AB008001 Pseudomonas putida

{ ABO073312 Pseudomonas aeruginosa

— CL 57

©)9q

eydpe

B119108q03101d

AY147906 Marinobacter lipolyticus

AB125942 Marinobacter alkaliphilus

ewiwesd

CL24

CL 23
AY204638 Halomonas ariabilis

CL 25(4)
CL 77
X92417 Halomonas desiderata
cL81
AJ309564 Halomonas nitritophilus
CL 01(60)
CL 87

0.1

Fig. 5 Neighbor-joining phylogenetic tree based on 16S rRNA sequences. Abbreviations for the phylogenetic tree: CL, clones from

samples of day 110 of RUN 2.
Sequences which had a similarity more than 97% were considered to belong to the same group and sample numbers are shown in

brackets.
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Table 2 Sequencing and specificity of probes

Tu—74 2 —r Sequencing (5’-3°) FA IR
ALF1b a-Proteobacteria CGTTCGYTCTGAGCCAG 20%
BET42a B-Proteobacteria GCCTTCCCACTTCGTTT 35%
GAM42a y-Proteobacteria GCCTTCCCACATCGTTT 35%
Hlm474a Halomonas sp. CTGTGGGTGATGTCCTTCCT 45%

100 :
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5
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S 40 :
© :
5 20
a
0 i

75day 110day 166day 75day 110day

RUN2 RUNS3

« -Proteobacteria B -Proteobacteria

v -Proteobacteria I:l Halomonas spp.

Fig. 6 Percentages of Proteobacteria and Halomonas spp., that were counted by FISH
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Fig. 7 The relationship between pulse duty factor of Halomonas spp. and denitrification rate

(a): RUN1 (b): RUN3

Fig. 6 IR TIHCEBERESFFETIZEBNT
Proteobacteria (235 H 3 5&, #ilL T Na,SO, & H
Jiii 22 LERFE PN (RUN 2) 121 y-Proteobacteria 738 &1k
LTCWDZ LN R TE, — 7, L LT NaCl & v
i 22 4L PRA# PN (RUN 3) TlX a-, B-, y-Proteobacteria 73
FEAEFRRED EHRER L, 2O, HOFH
MBI DZLIZIVAEDE PN RESLEL TV,
FUTHRIRE 10%I38V N CTAE RTREZR H B 47 S
DOHIZIE NaCl DA OEEA & O ERE R CHAF v

PRI A REDMFAE T T, NaCl 285 A B3R 350
EMFELFEL TWVDIENLNTEY, KAEBRD LS
12 Na,SO, B L UINaCl L DA LS 7-2812 50,
e YT R AL FR RS N I Z B W T A B AT RE AR i AR M R
WCEWRBNTZHDOEE ZHID,

72 3.2 BLW 3.3 @ T-RFLP BIUSRHMHNT
it S L0 v MR 2 AL BRAE N C BT kL T
BHEE Z Bz Halomonas JB D 5 3L VSS ZEHRE
HEDRGRIZ OV TIRETEAT 72 &2 A Fig. 7 (TR
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JONE ORI LT, VSS 2 FRERE IR
3 5L3kZ Halomonas B A RLEEINL CHDZEN
R C&I=, ZDZ LMD, Halomonas J& | XM D FEXE I
OO R E R PRI A EE KOG I KR EL B 5
LTCWAIENDRIBSIZ,

ZHET Brent & VIR 12.5% (NaCl) Ot
JE 4t T 12315 Halomonas Campisalis % 3 4 255
FEIZOW TS Z,T- W5, Brent 5O EERTI, £~
IRIRFVRE N2 EE DB B R EFHEIZ OV TR ZL
TEY, RBPFELTAZ ) — )Lk )— L E2FI LT
AIILZE SO ELT Lo 722y, BEfgt - 7' ) o —
- HBE AR A U5 A T B2 R SO D
ZEERERL TS, ZIH3ODRFIRD thTh K ICHE
etz W5 613, ERREFHERED R KEL,
AR &N R D720 ORI AN TH LI ENG,
T IVAL— )L O i R i S AL T e A A AR LT
BT HEERE AR 52BN R B THHELTND, L
UG | IRFBIROFEF T LS T T CHIE O R
EIALI MBI E WG STV, ZHUT
NaCl PFEHEICFEEL CT0Ded | HiER | CiRb —%m
IRIEELU RSN QW D7 | fthootEZ V=7
IZEAEITON TN RNEDEE 2 HILD,

4. %%

BUGRPE R &R Bk 7 e M TR P 36K Tld7e< | il
Wi %8 A5 LT AL R /K A FH O OO i 2 AL PR SR BR 21 T
W, R E LM T IR A ERBREMREB L O A
WO TREAG - AT 21 T o 7o SR, T RRD A JLAME

b,

(1) AR (10%) DR LT 72 20 J7 HM MK IR
B2 (1%) J0b RIFRERREDFLZRL, ZhbHD
Bl G2 TR G EE K AL e R TR TR, —
R BIR ThHI LD MRS,

(i) BHEIREE SR T CIEMAEM D ZARNED T 235 L[F]
RFIZ y-Proteobacteria (ZJ& 3% Halomonas J& 735
R S35,

(iii ) BRI E L FICB W THOMEE I LS T,
VSS 28 R R E 23135 32 Halomonas &
DEHRLGHIMLTWAZERERTED,
Halomonas @23 it 2 MERE DL EALICEE N D =%
o TWHR[EEMED B D,

5| A3k

1) S.Yoshie, T.Ogawa, H.Makino, H.Hirosawa, S.Tsuneda
and A.Hirata, “Characteristics of bacteria showing high
denitrification activity in saline wastewater”, Lett.
Appl. Microbiol., 42, 277-283(2006)

2 ) S.Yoshie, H.Makino, K.Shirotani,

S.Tsuneda and A.Hirata , “Molecular analysis of

H.Hirosawa,

halophilic ~ bacterial community for high-rate
denitrification of saline industrial wastewater”, Appl.
Microbiol. Biotechnol. (in press)

3)B. M. Peyton, M. R. Mormile, and J. N. Petersen,
“Nitrate reduction with Halomonas Campisalis :
kinetics of denitrification at pH 9 and 12.5% NaCl”,

Water Res., 35, 4237-4242 (2001)

- 168 -



0518
Halophilic denitrifying bacteria for high-rate denitrification of
saline industrial wastewater

Satoshi Tsuneda, Akira Hirata
Department of Chemical Engineering, Waseda University
Yuhei Inamori

National Institute for Environmental Studies

Summary

Denitrification system for saline wastewater utilizing halophilic denitrifying bacteria has not
been developed so far. Our previous study revealed that denitrification performance at 10% salinity was
higher than that at 1% salinity in denitrification system for saline metal refinely wastewater. Terminal
restriction fragment length polymorphisms (T-RFLP) profiles and clone analysis based on 16S rRNA
encoding gene in sludge of denitrification system with 10% salinity indicated that y—Proteobacteria,
especially Halomonas spp., was predominant, suggesting that these bacterial member showed high
denitrification activity under high saline condition. However, these phenomena have prospects of
particularity at denitrification system for saline metal refinely wastewater. In this study, to examine
whether these phenomena are general, denitrification performance and microbial community of
denitrification system using Na,SO,4- and NaCl-based synthetic wastewater under low and high saline
conditions were investigated. Continuous denitrification experiment showed that denitrification
performance at 10% salinity was higher than that at 1% salinity in the same manner as saline metal
refinery wastewater. T-RFLP profiles and clone analysis indicated that Halomonas spp. was predominant.
The direct counting of cells stained by fluorescent in situ hybridization (FISH) revealed that the
percentages of Halomonas spp. increased with an increment of the denitrification rate in the system
irrespective of salt components at 10% salinity. These results indicated that the phenomenon that
Halomonas spp. is predominant under high saline condition is not specific for saline metal refinely
wastewater, suggesting that these bacterial members show high denitrification activity under high saline

condition irrespective of salt components in the industrial wastewaters.
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