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Abstract

We analyzed denitrifying bacterial population dynamics in two wastewater treatment plants. For analyzing the
population dynamics, we applied the PCR-DGGE method for targeting nirS genes, which code cytchrome cdl1-type nitrite
reductase. One plant treats Coke-oven wastewater (CW) and the other treats synthetic wastewater (SW) such as CW. The
CW and SW mainly contained phenol, thiocyanic ion (SCN’) and thiosulfuric acid (S,057), and the 2 plants were
configured with anoxic and aerobic tanks, respectively. Bacteria in the plants could denitrify using phenol, SCN™ and S,05°
as electron acceptors. By analyzing nirS genes in the plants for a few months, we determined the partial denitrifying
bacterial population in the plant and deduced bacteria that actually denitrify using phenol, SCN™ and S,05". As far as we
know, this is the first study on the analysis of the bacterial community in a CW treatment plant.
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BRI R E SN O R ARMIB O EER 7 5 o R
(PP)E, Fig. 10 L 5 2 EBREIREOFEBRAMLHE 0t
ADEETHDH, ToF=TZA RN v 7Bk, F
OBLBREOT =T #RE LK ETEKE 120
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B~ DR TR TER 21I200%, LRI RER/M~0
HIRBEZRITI00% THh D, MER, Ml S LICpHITE
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BIRSTTICHRBENLLL I HEBOERT T MMP) L,
PP& A& — LT R B, ngmivﬁﬁ%mﬁmmg
Tt ANEBTHD, PPREEELRAZEITAOIZRL,
MPITIBEEA M 2 Bk &, M%%m%94+\/7m&
RSB EHFHBE LT T b ThoT, TRAKICIHE
TR & BRI A TEKEFWEAT2LECHR LA LD
(Table DE{EHA L7225, @FQOEINARE)SH 7=/
=N DUEME L Uic, Ml D ER -~ bikiEs
F3200%, PR HIRERE ~OBIRIEXRITI00% Th
5. pHIZIEREH8.0-8.5, RY{LREM7.0-7.51CHI S, 7k
RIF25-30CICHRBE SN, £ RROGIREEIEB(SRT)
1X51d, HRTAHERCTI8h, L TSdhe L7, 2B
TG b EBID, EHRICITE KA OB S IEEEETBR
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2.2 KESF

WE L7 KEIEB L, TOC, TN, 7 = /—/, SCN, S,07
ThH. TOCHTRIMREFTOCHHIEIIS-K-0102:22.1), TN
IIHS-K-10288 8 ofniE, 7 = 7 — L 1XGC-MS, SCNIZ

Tablel Characteristic ofmﬂuem water to each planl (mg I

pH D-TN" D TOC D -phenol D SCN D SzOz

PP 8.5-90 500-850 300-510 100-250" 80-120  230-360
MPY 7886 530700 350-400  530-600 100-110  140-300

1) “D” means dissolved.

2)  Derivatives of phenols included.

3)  Influent wastewater to PP was added by 5% (v/v).
Table2  Sequences of primers applied in this study

Name Sequence (5°-3")

nirS2F TAGCAGCC (C/G) GA (A/G) CCGCGCGT
nirS2F(C.G)  TAGCAGCC(C ) GA( G) CCGCGCAT
nirS2F(G,A) - TAGCACCC( G)GA(A ) CCGCGCGT
nirS3R® GCCGCCATC (A/G) TG (A/C/G) AGGAA
nirS3R(G,C)  GCGGCCGTC( G)TG( C ) AGGAA
GC clamp* CGCCOGCCGCGGCCCGCGEEORTE

CCGCCGCCCCCGCCCG

S ke W N — 3

a, b These pnmels are orlgmal primers designed by Bral\er et al.

¢: The GC clamp is attached to the 5” end of each forward primer.
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Fig. 1 Diagram of pilot and mini plants. Values show pilot plant
scale and values in parentheses show mini plant scale.
Anoxic tanks have a paddle for agitation. Aeration tanks are
divided into three tanks.
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L.

2.3 TEMEIBTRM S ODNARIH

BTT o NOBERD LR LU ESBIRIE, =& —
NVEEM GEHHIR : =% /—A=9:1) L7-%, DNA
DIHHEAERAT 5 F C4CTHBIRTE LT, DNADOTIHIE
FastDNA SPIN Kit for Soil(Qbiogene) /i L, v == 7711/
WZHE-~TiT o7,

2.4 PCR-DGGE

HHARSOMEY TR, Braker b B F Y 4 o L 7=
nirS2F-3R7' 5 « = —+ v k(Table 2) % B A ERTIO /¢
W24ty MO CGEA L, PCR-DGGEZ 1T - 7=, R4
FhE2att y hRTEEM LA, B89 T Table 2105 L
7z number2-5(A set),3-5(B set) D2 v h OB AFEA L,
PCR-DGGE% 1T > 7=, 72B8%(wivol)yiR Y 7 7 Y7 I K
TR ORI O JRE NEE35-65% (A set Fl) E 70
40-70%(B setH)& UL7-, DGGEIZ LW L= Foo—

B L Tk, ImageQuant ¥ 7 kb 7 = 7 (Molecular
DynamicsZ KX 0 &7 B LBELE L, ZOHEES
SNy REELEEE L,

2.5 Sequencing
BONIDGCED N RER v #—F A4 712X 08I0 H
LTFa—TIZARN, S0u/OBEEL-milliQkE M, #
TERET 2 2 L1k, S0 FETER T 5 DNAKT A % Bl
L7z, B L 7-DNART A % template DNA & L T, 2.4 5
THUPCR-DGGE# 1T o7z (PCROY A 7 VUL EEHRE
L7c) o 2o REIDHE L BDGGEE To/EEIL, &
HEND AN RBBMOLOIAL R ETHRYIELT,
DGGETIAD AN N5 2 & %5 L 7-PCR products
M, Microcon(Millipore) T7' 7 A = — L dNTP&#FREL T
—T TN E L, MERPIERESEL, B
— v FRUSIZIZABI Big dye terminator kit version 3.1
(Applied Biosystems), > —%7 W —{Z13A— fhi—4
—ABI310(Applied Biosystems) = L, T nFEHt0 7
oA ZEVEERIT o7,
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A BRERNTOSMEREORAEIL, TR
LYk,

MEBEENTORERME= (RAKPOBRE + 08
KPDREXS) 4—-BREFHOORE -« (0D
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Tbond L5170, REOETHEFEL LTRHAS
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Fig2 3o B W TR M P mEmE R LN F
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P2-GAS(Fig.)}1E, 7=/ — VPN OEEERIH L-BE
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—F, BOEMER LAY RO BT CICEITLE-
72 b D {P2-CG3,8(Fig.2) 1, BTt A LE{LHE Y
ARl L TRIBICEA TE R hols, Fkh
DEEEREOBE TSR E UCRFCE LW IER kR
DN RTCHDEEZ, FTEREREZRLENL L
Z 7o 1280 R {P2-CG2,5,10, P2-CG6,11, P2-CG7,12
(Fig.2), P2-GA2,6,11, P2-GA7,12(Fig. ) 2B L T3, Bz
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Fig.2  DGGE analysis of PP with primer set A.
2121 3/19  4/16  5/10  5/28

P2-GA4,10,21

P2-GAL,S —
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Fig.3  DGGE analysis of PP with primer set B.
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FIBGRIZAT Dy - 72, FigdD b3 F/2SCN OEEEIMNFIE
—ETHDIELoN5, BITHETD, MEL —EICHE-
12230 F{P2-GAL,5(Fig. 3413, SCN R BT SR L=
TEITH BB RT3 he E2 7,

3.2 MPOBHER

200258 A IZ R & BRI LI-MPO 5, 10AB12A1ICB
WOTESEBTE R FHI3EER R L, 2.3 TRk L= & 9 IKDNA
LY, BONIDNAZSM E L 24/ LI-FiE
TPCR-DGGEE 1TV, BLEMBEIEREDORIFE L,
FEREFig6, 7R T, Fig.6, 7\ ILE D= HPPOY 7L
(6/4) b ERFIZAE T8, 7T A < —A setlT L 5 fE B (Fig.6)

—29



252 B X —Original Paper

=~
g
2
»
g_,-\
=T —O0— AN
‘::)E - o - - Aphenol
&
©
53
&)
120
~ 100
ién 80
~ 60
E 40 e
<3 P T
5 ! ’&' Xy — K= s203
% O 1 13 ; 23 I3
R=] WA, & WIS
z
=4
L
9
[

Date

Fig.4 Concentration of 3 substrates and TN digested in anoxic tank.
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Fig.5 Relationship between digested phenol in the anoxic tank and
intensity of DGGE bands. The horizontal axis shows the
concentration of phenol, and the vertical axis shows the ratio
of the DGGE band intensity. We decided the DGGE band
intensity on June 4 as one
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Witk SREDTE 4 1ZEA L7z, Fig101IM1- CG4,6D /8
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Fig. 6  DGGE analysis of MP with primer set A.
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Fig.7  DGGE analysis of MP with primer set B.
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Fig. 8 Concentration of 3 substrates and TN digested in anoxic
tank.
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Fig. 10 Relationships between digested phenof in the anoxic tank and
intensity of DGGE bands. The horizontal axis shows the
concentration of phenol, and the vertical axis shows the
ratio of the DGGE band intensity. We decided the DGGE

band intensity on Dec. 10 as one.
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Fig.11 Phylogenetic tree of nirS sequences on the basis of 52 amino acids. Scale bar represents 10 amino acids difference in 100. All

bootstrap values are reported above, DGGE bands obtained from this study are shown in boldface.

TEDRMOPEME B FET D EERH D,
(RFEZT 20034278 18H)
(FFSZH 20044E18150)

& £ X W
1) Lee, M. W.and Park, J. M. (1998) Biological nitrogen removal from

coke plant wastewater with external carbon addition, Water Environ. Res.,

70, 1090-1095.

2) FHE— PNIEE BEEE PHE- (1999) ka7 o
CADYE, TavTF 4 v R, 5§, 1822

3) Shaw, K. C (1993) Biological treatment of full-strength coke plant
wastewater at Genova Steel, lron and Steel Engineer, 29-32.

4) Braker, G, Fesefeldt, A. and Witzel, K.-P. (1998) Development of PCR
primer systems for amplification of nitrite reductase genes (nirK and nirS)
to detect denitrifying bacteria in environmental samples, Appl. Environ.
Microbiol ., 64, 3769-3775.

5) Hallin, S_and LindGren, P.-E. (1999) PCR detection of genes encoding
nitrite reductase in denitrifying bacteria, Appl. Environ. Microbiol., 65,

32—

1652-1657.

6) HHRE, FEK, (EFLE WHE (2003) nirSEET& 45—~
v b & L7ZPCR-DGGEEIL & B IEHES I A M S B 1S O AR
B, KBIES S, 26, 583-588.

7) Schie, P. M. and Young, L. Y. (1998) Isolation and characterization of
phenol-degrading denitrifying bacteria, Appl. Environ. Microbiol., 64,
2432-2438.

8) Shinoda, Y., Sakai, Y., Ue, M., Hiraishi, A, and Kato, N. (2000)
Isolation and characterization of a new denitrifying spirillum capable of
anaerobic degradation of phenol. Appl.  Environ. Microbiol., 66,
1286-1291.

9) Song, B, Palleroni, N. J. and Haggblom, M. M. (2000) Isolation and
Characterization of diverse halobenzoate degrading denitrifying bacteria
from soils and sediments. Appl. Environ. Microbiol., 66, 3446-3453.

10) Song, B., Palleroni, N. J., Kerkhof, L. J. and Haggblom, M. M. (2001)
Characterization of halobenzoate-degrading, denitrifying Azoarcus and
Thauera isolates and description of Thauera chlorobenzoica sp. nov. Int.
J. Syst. Evol. Microbiol. 51, 589-60.

KEEFESE Journal of Japan Society on Water Environment



