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Microbial Adaptation in a Nitrate Removal Column Reactor Using
Sulfur-Based Autotrophic Denitrification
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School of Civil, Urban and Geosystem Engineering, Seoul National University

ABSTRACT

Two sulfur-based column reactors inoculated with a bacterial consortium containing autotrophic denitrifiers were operated
for 100 and 500 days, respectively and nitrate removal efficiency and the adaptation of microbial communities in the
columns were monitored with column depths and time. For better understanding the adaptation phenomenon, molecular
techniques including 16S rDNA sequencing and DGGE analysis were employed. Although both columns showed about
99% of nitrate removal efficiency heterotrophic denitrifiers such as Cenibacterium arsenioxidans and Geothrix fermentans
were found to a significant portion at the initial stage of the 100-day reactor operation. However, as operation time
increased, an autotrophic denitrifier Thiobacillus denitrificans became a dominant bacterial species throughout the column.
A similar trend was also observed in the 500-day column. In addition, nitrate removal efficiencies were different with
column depths and thus bacterial species with different metabolic activities were found at the corresponding depths.
Especially, 7. denitrificans was successfully adapted and colonized at the bottom parts of the columns where most nitrate
was reduced.

Key words : Sulfur-based autotrophic denitrification, Permeable reactive barrier, 16S rDNA, DGGE, Thiobacillus den-
itrificans
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Table 1. 16S rDNA-targeted oligonucleotide primers used in this study

HAQ - 2782

Primer Sequence of primer (5'-3") Target site® Reference
27F GAGITTGATCCTGGCTCAG 9-27 Lane (1991)
338F-GCP CTCCTACGGGAGGCAGCAGT 339-358 Muyzer et al. (1993)
518R GIATTACCGCGGCTGCTG 536-519 Muyzer et al. (1993)
1522R AAGGAGGTGATCCANCCRCA 1522-1509 Johnson (1994)

#16S rDNA position according to E. coli numbering.

® When used for DGGE, this primer has the following GC clamp at its 5' end
1 5'-CGCCCGCCGECGECCCeaEeaEeeeareeceaeecaeeeceecaeeca-3

"E_‘ QB.iﬂHHX](Zg KNO3, 5 g NaZSZO3 * 5H20, 2g KzHPO4,
1g NaHCO;, 0.5g NH,CI, 0.5g MgCl, * 6H,0, and
0.01 g FeSO, - TH,O/L)E ©o]-831e] 30°CellA vl FA1714

X 8o o]&&}9tHKoenig and Liu, 1996; F314 &
2005).
2.2. ;I-F.I'=1 Alsd

SHIY F2d vE-S S A Tl AE
/50l 70/700 mm(lOO%]_ = Z-), 500/1000 mm
(5009 3 Zd)e] goldx A o] 83150, o7
o 2 mm =719 YAPE P} 2-5 mmo] A3 S F
H] 3:12 FZ3F9HFlere and Zhang, 1999). SH3%YF
AR LRSS ARSI pHY}F WolAle B

o] oEZ Rk F pHE THOE FAKZI7] &l 4]
IS ARSI HAE I A4S Sl e @
&2 Whe71E 4 }95‘\*31 o} 2o 2702 53} )
& mixtureS X Lol Yk 39 B3 A3
AA JAPE el UV&%@] 3] 2 =S Sl%
o} & ) el FAE vAE ek ERIs] <SSl
SEM(Scanning Electronic Microscopy)S 53l #2334t}

A AT 2FH Y9 0433 g KNO;, 0.05
g NH,CI, 0.06 g KH,PO /LY ZA4¢] QFA8E AL
B313om, A4 ¥hE7I= 20°CAlA AFEE 1 m/day,
1.0 mL/min® 2 Ak 248 sl 7 ZEe
A 5RO Z YFo] sampling ports X532 (1008
Zro] A9 0, 17, 33 cm; 5008 Z&Ee] A< 0, 30, 80
em) WHE7] A 717 B<F F7)1H 22 lon chroma-
tography(Dionex DX500)E ©]-&3to] ik Ziol
(NO3), o} & A 11/\o]i(N027), %}/ﬂ-o]%(soff}oq =

=5 AT

10097} 5009 & ¥, 74 4o 2 HE ke UH%J—S:

Zlo] W2 olARET 18R (1000 Z&Ee] AL 0-1
em, 33-50 cm, 500 ZHe] 7S 0-30 cm, 80-100 cm)
olA A3, PAE TS EAEHAT
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2.3. DNA F&

& Aol B3 vES Eelshr] flske] oF 50 ¢
9] HkSuf&AS 50 mL conical tubed] AAHE 8-l
(pH 7.0) 10 mL#} 3 Yar 20°C, 200 rpmollA] 24]
b B2t dEA7|A, dES 10,000 rpmollA] 15-204
7 AAREEAIF 1@.—“%]% Bl 4o MAYEERE,
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FE319. 25 DNAT TE(Tris-EDTA) buffer solution
o -83IAA —20°Cell BH3}TE DNA F&= UV/VIS
Spectrophotometer Optizen 2120 UV(Mechasys Co. Ltd.,

Korea)S AFE31 260 nmollA S8t

2.4. PCR (Polymerase Chain Reaction) SZHI2

2% genomic DNAZRE] 16S rDNA FZ5 95}
¢} universal primers 27F, 338F, 518R, 1522R7} A&
Htk(Table 1). PCR 5Z5 23ll, 10 pmol/Le] 27F<}
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7t B9t A719E SKYE A719%E ol 1X GreenStar
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2.6. 16S rDNA H7|ME 24 A ASEHH E2F
(Phylogenetic tree)

PCRYl| 9]3] FFE 168 tDNAE WIZARD PCR
Preps DNA purification system(Promega, USAYS AR&-
3fd A & pGEM-T vector cloning system(Promega,
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chia coli IM109(Promega, USAYS AM231509H, X-Gal
I} IPTGE $H+3h= LB ampicillin BJA] AollA] 3}k
< we F2UE 10004 d9sisitt. dud Sese
T7-SP6 primer®Z colony PCR3S}IL 27F-1522R primerS
ARESI] 99} e 2o E TRA] PCREINH. o]FA
slo] Ao 100702] 16S rDNA FEEL RFLP(Restric-
tion Fragment Length Polymorphism) 7S AFE35}]
A 109 Al aFo= BRIt Ad aiEe
Alu P} Hae III(Promega, USAYS AME-3}9ar Ad
DNAF 2.0%(wt/vol) agarose gels ARS8l 771995
o2 RS FAET 1001 7He] aFo= ERE 16S
DNA EEE2 ABI model 3731(Perkin-Elmer Ltd.,
Foster city, CAYS AF83}1o] G7IMEs 4519901, A
R G7|1MEL BLAST(Basic Local Alignment Search
Tool) search(Altschul et al, 1990y E3] GenBank (EMBL,
DDBJ, PDBY] 5250} = 71&E nAYEE Hluwsle]
168 tDNA S259] P=sH QRS A3k 971 AL
A} F+= CLUSTAL X(Higgins and Sharp, 1988)5 A-8-3}
o] FHE3}1l MEGA2(Kumar et al, 1993)5 A}L&3}]
neighbor-joining  method(Saitou and Nei, 1987)=
phylogenetic treeE Tg310] ASEE 75 Al=3t3ct
Phylogenetic tree®] A4S 93 1,000812] bootstrap
resampling analysis(Felsenstein, 19855 =331t}
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Fig. 1. Vertical distribution of nitrate, nitrite, and sulfate concentra-
tions in (a) 100-day column and (b) 500-day column.
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Table 2. Sequence lengths, their closest species, and similarities of four key OTUs

OTU Closest species in GenBank Similarity (%) Electron donor Electron acceptor
DE-1 Thiobacillus denitrificans NCIMB 95487 97 s° NO;~
DE-2 Cenibacerium arsenioxidans UIPAs] 94 OM NOs~
DE-3 Geothrix fermentans H5" 98 OM NO;~
DE-4 Chlorobium limicola DSM 246 98 H,S CO,

95— Thiobacilus denitrificans NCIMB 95487 (AJ243144)
aa—= ® DE1
. Thiobacillus thiopanus ATCC 81587 (MT9426) X
100] DE-2 B-Frotecbaciena
M Cenibacteriurm arsencxidans ULPAs1 (AYT28038)
! Alcaliganes faocalis LAM12369 (DEBOOE)
i Holophaga foetids DSM 65817 (X77215)
~| 4”,'__‘105-3
¥ L— Geathrix fermentans H5" (U41563)
(D26171)
-Prosthecochions sestuari DSM 2717 (YO7837)
Wﬁn Nrmicola DEM 246 (AJ260824) Green-sulfur
T m DE4
31 Chiorobium fmicola DSM 245 (Y10113) bactena

mobilis (M38474)

Acidobacteria

U
ans

Fig. 2. Phylogenetic tree of four key OTUs and their closely
related bacteria based on 16S rDNA sequences. Desulfurococcus
mobilis is the outgroup species as the Archaea domain. The scale
bar represents 0.05 substitutions per nucleotide position. Numbers
at the nodes are the bootstrap values. ll; OTUs obtained in this
study.
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phylogenetic tree® &3}
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Holl $HF0] Eitk OTU DE-12 7Fg 717k o)
-Proteobacteria classoll &3= Thiobacillus denitrificans
NCIMB 9548'2 UeRgom, 7] HEHolr= &2
consortium®] 15%5 XA} o ) 1002 ol x| 2=
A 51%=, 5008 Foll= 86%S XA T denitri-
ficanse Z 47 SHIY B2 TAEE Bagoed
ojxkslek s AL8-Slch(Batchelor and Lawrence, 1978;
Koenig and Liu, 1996; Moon et al, 2004). 53| DE-
10] 10027l ZH ofefl FEollAM =& HE(94%)S =t
Ag 2 2EEo] Ay opfEelM 7P =A Vet
Aol IA|gtiar & 4= ot

DE-29} DE-32 27] HE93 100¢4) 2] SinE
M ZF} 78%St 90%E AT ol59 71 7k
F& Cenibacterium arsenioxidans ULPAs12} Geothrix
fermentans H5'0|H, o] BT F5IY 24 v|dE
2 249 7P 588 SHIY 2 kel H-85HA
33 7170 YERth o5 A AR Fhd 4
2E o]83lH AR FAAE f71E, 53] AP v
£9] 3l HE T2 o8k ZloE AN 50027
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Fig. 3. Comparison of microbial community composition in
columns with time and depths (I, inoculum; 100T, top part of
100-day column; 100B, bottom part of 100-day column; 500T,
top part of 500-day column; 500B, bottom part of 500-day
column).

o] 7% SIFEME= DE47F 16%2] Hl&-S AAFL).
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2460 %, o5 F71 A F3AHLS)E AL
FAAZ Ao} CO,S A= green-sulfur bacteria®]Th.
ol5L F3GAE Mt o]0 Al HAE 4
on, HFHoE & YAE AHE £oll S2THHolt et
al., 1994). T2 A7AEL 5HIYS 22 whE7]elA
green sulfur bacteria 1551 Chlorbium phaeobacteroides,
Pelodictyon luteolum, Chlorobium vibrioforme$} Chloro-
bium  limicola's ¥} 7}7F% uncultured photosynthetic
bacterium PHOS-HE36(97% similarity)°] YERZS X<l
vl 9ItH(Koenig et al., 2005). Fig. 39 Z& Zlo]e} &
A AR e R wEkE JeRIS A ARRE
o] Aol we} Zel HAE SHEY G mE] ¢
ZAEe] Homm ghs] S0 Hgsiirial & = Uk

Fig. 4= Zlo] ' ARt 8 ZHRle] DNA AZ3 2249
gt A5 DGGEE 53l vlwgozsy s g 7=
o] IS Yepd Aot Wi=e] By Ajolol| mE
A vlge] A HRE A7) 9JEte] onlA] B4E S
galdon, 71 AR Fig. soll JeRIIT Wi=e] 5
B3l vt PRE oS vl B9, 1008 ¢



Fig. 4. DGGE patterns of 16S
sulfur-oxidizing
cloned samples. From left to right: lane 1, inoculum; 2,
top part of 100-day column; 3, bottom part of 100-day
column; 4, top part of 500-day column; 5, bottom part
of 500-day column; 6, DE-1; 7, DE-2; 8, DE-3; 9, DE-4.
The dashed rectangular on the gel denotes Thiobacillus

rDNA fragments from
and

autotrophic  denitrification  column

denitrificans.

B Thivbaciflus denitrificans O Cenibacterium sp. B Chlorobium sp. B Geothrix sp.

100

ElLul.

100T 100B 500T 500B
Column preparation time and depths
Fig. 5. Band intensities of DGGE analysis based on 16S tDNA
sequences recovered from sulfur-oxidizing autotrophic denitrifi-
cation columns (I, inoculum; 100T, top part of 100-day column;
100B, bottom part of 100-day column; 5007, top part of 500-day
column; 500B, bottom part of 500-day column).
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