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Qualitative and Quantitative Analysis of Microbial Community Structure
in the Sequencing Batch Reactor for Enriching ANAMMOX Consortium
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ABSTRACT : Enrichment of anaerobic ammonium oxidation (ANAMMOX) bacteria is the essential step for operating full-scale
ANAMMOX bioreactor because adding a significant amount of seeding sludge is required to stabilize the ANAMMOX reactor. In
this study, the enrichment of ANAMMOX bacteria from an activated sludge using sequencing batch reactor was conducted and
verified by analyzing changes in the microbial community structure. ANAMMOX bacteria were successfully enriched for 70 days
and the substrate removal efficiencies showed 98.5% and 90.7% for NH;  and NO, in the activity test, respectively. The
phylogenetic trees of Planctomycetes phylum showed that the diverse microbial community structure of an activated sludge was
remarkably simplified after the enrichment. All 36 clones, obtained after the enrichment, were affiliated with ANAMMOX bacteria
of Candidatus Brocadia (36%) and Candidatus Anammoxoglobus (64%) genera. The quantification using real-time quantitative
PCR (RTQ-PCR) revealed that the 16S rDNA concentration of ANAMMOX bacteria was 74.8% compared to the granular
ANAMMOX sludge obtained from an upflow ANAMMOX sludge bed reactor which had been operated for more than one year.
The results of molecular analysis supported that the enriched sludge could be used as a seeding sludge for a full-scale ANAMMOX

bioreactor.
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Fujope ROl @714 dRi A8 USY1S 9T O BHH el Aotk B AT A BHSUA YRS AFF
A% B84 WS7IE olgstel B71Y FRE MBS HFHFS L, 1R PR WSS Al S| A3t
£ A9t B/ Gw ASFEY ST 7097 AFH AR, ST F BAAHOIA NHL 2 NOs 9] 7197
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X|=, real-time quantitative PCR
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w(phylum)el s aL, dAH7A geld nPE2

H71d d2w A3HANaerobic AMMonium OXidation, Candidatus Brocadia2?3 Candidatus Kuenenia?),
ANAMMOX)#-2 871 4 =5 JY 24olA 4] ()=} 2ol Candidatus Scalindua®, Z18]1 Candidatus Anammo—

NH; 9} NO» & EAJof| Amalo] Ny 7kA9F NOs & A4kt xoglobus® Z;(genus)©] 1Lt
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l.()NH4+ +1.32NO, + 0.066HCO; + 0.13H —
1.02N; + 0.26NO3 + 0.066CH,00 5Ny 15 + 2.03H,0 1
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reactor system for High activity Ammonia Removal
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=18 om 019] 0.5 L §2)9< 25
2 tol B4 A% SEA vhgol THssES AE s,
20 cm Z0]9] A7) HH5S o] §3t] Fr1H0 2 WAE W
iﬂ s19.00, 10 om Zole] FA7] isS ol g3te] B4 o
35 A15H W] ola) MAlEl Wag s5e] @ Wy A
A %aiu}. Hjg719) =8 35T 2 RASkAL 100 rpm!1>16]
ARksEQAT, 1ol gt A viA]E wA|sHaL, &
xu $2& 2] 919 3087 AAH Az &S WA
X171 00l 0.4 Lo $4E AT A= 4] 0.4 LE
60 mL FA17]E olgste] Bofalolrt, 824kne] f91& ot
7191a) WA Fof Ao o2 FjAR 3087 7|8, )
A TANo) AHa7} §HS7)2 §RUEA] B wHT|E of2

T 7k 2715t ZIsklc),

(NH4)2S04¢} NaNOo& A4 7|A%wE 2451901, 7|&
2= van de Graaf 5179 2/d< ¥-8-519] Table 13} 7]
Z2/35k9ct. n|EgFda T 882 EDTA 5 g/Le} FeSO4 7TH20 5
g/LZ AZEAL, v]Fda 11 842 ZnS047TH20 0.43 g/L,
CoCl2-6H20 0.24 g/L, MnCl2-4H20 0.99 g/L, CuSO4+5H20
0.25 g/L, NasMoO#2H20 0.22 g/L, NiCle-6H20 0.19 g/L,
NagSeOs10H20 0.21 g/L, H3BO3 0.014 g/L= A|=3to 4T
o] Wkarol A Haskgich, obdibd A4 100 mg/L FollAl
Alghto] AsiE W Zloz duA JleHw
AEYoMd A} opEAY 40 FEE 100 mg/L olstzE
FrAERE S

ol

_II~>'

714 HEE

dryotd AL FZE kjeldahl nitrogen analysis
c , Sweden)2 SA8% L, opAAg Ao} A4

< 93}l ion chromatography (Dionex 120,
USA)E AHgstolnh A 4 113 &2 Standard

Table 1. Composition of the basal medium used in this study

Component Concentration (mg/L)
NaHCO3 350

KH2PO4 6

MgSOs-7H20 12

CaClz-2H20 48

Trace element solution | 1 ml/L

Trace element solution Il 1 ml/L
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Fig. 1. Amplification of the 16S rDNA of anammox bacteria (a) and standard curve (b) of real-time quantitative PCR.

2.3. DNAS| == 3 16S rDNAS| &
=W A st o] BAEAE AF EEV]E ARE3H
o}, s A7E AFE v pH“ 6.9, -‘?4‘:'&"6‘ 5
1P =Y Fee
100 mLE 500 mL HP37 1 ”53}01& UH, il e
e 1§50 1038 mg/Lol et nAE #3Ex
Heks BAsE] 918l F 7119] 1.5 mL tube©l] 1 mLA] P
= AFskch. AFE MES 33 SRTE AlAsH] 16S
rDNA S35 A = Y= oS AANNY, 5 &
£ 0.25 mL& ZA3FT) Power Soil™ DNA kit (Mo
Bio Laboratories Inc., USA)ol| T|AE AS FUste] A
ZAH] A Aol whel DNAS 53511, F 719 DNA ME&2
31+2] 1.5 mL tubedl] S35
G714 drE Akl njAEo] 439l Planctomycetes &
9] 16S rDNAE PCREZ 5Z3}7] 93lo] Plad6F (5'-
GGATTAGGCATGCAAGTC-3)2} 1392R (5'-ACGGGCG
GTGTGTAC-3)& Zeto|H= ARG 2020 PCRE 917t
Sl F 20 (el Smart 2XPCR Pre-Mix (Solgent
Inc., Korea) 10 /L, 10 ;M &9 ZatolH Z+ 1 4L, FF
DNA 1 L, 32} 75 7 uL2 243Ut PCR 7|7]=
MyCycler™ (BIO-RAD Inc., USA)E AH&sI9on SZ 2
AL pre—heating (95C, 2%), denaturing (95T, 20%),
annealing (57T, 40%), extension (72T, 40%), final
extension (72T, 5&)0|% 1,
extension 2H-& 303] WHE513IT}, S354R-2 100 VollA] 25
B7F A719%5la, QIAquick gel extraction kit (QIAGEN
Inc., USA)E ol-&-3te] ZAsHlch
AAE 16S rDNA+ T&A cloning vector (Real Bioteh
Corp., Taiwan)& A£3t9] ligationstil, HIT ™
competent cells (Real Biotech Corp, Taiwan)& AME-3}¢]
g Akt oF, X-gal¥} ampicillin®] 371

denatureing, annealing,

WA ] FAAGE MRS ETe] Aeujersn
16S rDNAQ] 4rglo] ElE uES ampicillin®] #H7He

LB BrotholA] #=FaljoF & QIAprep spin miniprep kit
(QIAGEN Inc., USA)E ©l8&5t4 plasmidE «=43A|5}3
t}, £3AE plamid Al2E Solgent Inc.(Korea)ol| 45

alo] 7|4 2le BAlT,

2.4, ASEFsN 2X|= =Y
H A oA 253 16S rDNA F7|A gl A&l S

A4S MEGA 3.1 Z2 138 1%}01 wABIL, 5% FAMd S
E

Holz Mg E & 1

3 1w BRI 3 5 QoA
FA2 51t A7AEE E—H &t OTU (Operational
Taxonomic Unit)2 ARESIATE OTUS &#-5S BLAST

Network Serviceol Y=ato] &
IDNAS AS&7eHe A9 2Hdoll Z-&3qich. Aol
A BE3E n]gET 29%0] 97| HFS ClustalX 1.812 o]
§3dlo] sl MEGA 3.12 ASERIH #A=E A4
sttt ASEFeA A% 24 A neighbor—joining
method S YiLE]F O o] g3yl on AlRAdS gHaly| ¢
3l 1,0003]2] bootstrap< A3}tk

gL, LRE2 16S

2.5. real-time quantitative PCR
RTQ-PCR= o83t @714 diw Alekts A9st7] ¢
sto] Zefo]H & Plad6F (5-GGATTAGGCATGCAAGTC-'3)
9} 667R (5—ACCAGAAGTTCCACTCTC-'3)& AMEsIaL
TaqMan S$AE 381F (6-AAGGGTGACGAAGCGACGCC
35 AMHEBHSITEY RTQ-PCR &390 - Hu)i= 20 pLo) L,
TagMan Gene Expression Master Mix (Applied Biosystems
Inc., USA) 10 /L9t 53 DNA 0.5 4.2 23815}, Zafon
9} HHRRe 2% 527t 250 nMo| g 2Aste] Folsial
% B} 20 4ol HES 37 FR5PE Folatgirh. ABI
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Fig. 2. Variation of ammonium and nitrite concentrations in
the enrichment test.

Prism 7300 sequence detection system (Applied
Biosystems Inc., USA)7|7|& AM8-31%5.2
a4 K0T, 2%) pre—heating (95C, 104), denaturing
(957, 15%), annealing®} extension (60T, 1&)0]11L,
denaturing, annealing?} extension 2H4< 503] HH=E31% Tt
3 DNA s=of| W2 Ctghe] 5:4E w71 918l 2 tube
g 4.3x10! to 4.3x108 copy?] @71 YRE AFHE 16S
rDNAS Fofsto] ARt 23}, 452422 DNAZF S5l
Hi(Fig. 1a) E24S R 3 0.99799) SFe A44Fig. o)<
Haloh % AR SFolA DNAAES YA 9% Non-
Template Control (NTC)}Z 522 HolZ] 99kl 2E RTQ-

=3z O =3I
D%, o—.—;ﬁzjt o =

PCR A 9o A NTCE A3}l AlR9] 0. o5 shels|ict,
3. Zut 3 aF
3.1. &3 EA =Y

714 diE Akt 3l A% 4R T 9%
SHEA] HEg7] 014 9] Aargte 015 Fig. 20 Uehfigit) of
RS H71A i Ak} nEe] AiE = o U
A Q7] whieel Hke 27100 9 oFEAY Ao F=E 15
mg/L oJk= FAI FUaL, druoby HAae obdAd A
aef FUR e Folahaith. dmyopd Aane} oAby 2
&9 TS 217 20 mg/LE JSA7] S 3T o1 |
Aot @714 diE Aehte] 84S Bl w3l 70 7t
A 2Ago] A E| AT}, uhAet 34 Hhgof Yfruolyd Has
74.1 mg/L, oFEAMd A4 78.3 mg/LE 27] 7|AR Fofs)
F=tl, frEsee Yryobd 24 5.5 mg/L, oPdid Ha
0.2 mg/L& YoMl £ 7138 AARES Bk oFEAtd
A0 AsfEt=7E 100 mg/LolE2 o o)y 7| HEes S7t
AZIA a1, w3 F71A diE Alshie] 24 Hi~

Fig. 3. Variation of nitrogen concentrations in the anammox
activity test after 70 days of enrichment.

Ealal 97y SRS B8
3.2. §7|d drE AMst 2

TS TR 70 A9 HE o] 34 AYS =3Ys}
of Fouloke |71 UnE AR 7| AAR A4S A%
ARl N BEAS Foto] Eelsta, oy st oAt
A Aro AR H]EY FAREC] A AAo] A BES
ATt (Fig. 3)

A7 diE Ashto] F3uleke &) WA Ha
1YES] 5E= 680 mg/LolaL, 37 w52 X3}t
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Eoz de) AAE I k. olo] o8] B 7|4 Ak 2w
":NOy :NOs 10,260

4 BARE A A HlE2 NHy (NO2 :NO3 =1:1.3
o}, & AgolA] et vl&-2 1:0.82:0.31% Strous Eu A
YAtet Aol Bk, 7148 Bl FAREO] An gl A4 HlE
2 5 BaEolA = AolE UERAL Sltt <& &

van der Graaf 5179] 2855157 (fluidized bed reactor)oﬂ
A 71481go] 1:1.31:0.228 UEREI, Tsushima 5192] A
=t 7]" 1:1.2:0.339] 7]8H]&E YeRSlch =817t
7]’“ U }Q—EJ E4e] th27] Hrp= 7]
A} 2 njEo] BE wre] Ao
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Fig. 4. Qualitative evaluation of the anammox enrichment by building the phylogenetic trees of Planctomycetes phylum: (a) raw

activated sludge and (b) anammox enrichment. The sequences were grouped into OTUs using a definition of 95% similarity.
The numbers at the nodes are percentages indicating the levels of bootstrap support based on a neighbor—joining analysis of
1,000 re—sampled data sets. One unit of scale bar represents 5% nucleotide substitution.

=0 GEhE FRIste] ALY Ao e W57] dheol FHjoF Mol D& AE 2S4S A3t 57 F 39709 +
o}, & AtolA yehd BlEo] tistol= AF A4S Rarstol A7} A Bt e A7 ke At 7k I1E
HAE TR ARHE AESe A7 K= ojoF & Aolct, S o]R1 Y& ™ Candidatus Brocadia??, Candidatus
Kuenenia?, Candidatus Scalindua®, 12|l Candidatus
3.3. §7|d 2 E LSk EHM Anammoxoglobus? 49| €74 gy Ast2 WA
FuiF A3o] &R oA Planctomycetes & T4 23t (Fig, 4a) €714 diE ASldo] 77k Aog 324
=9 B Avb= cloning R ASEREE] B4 A cli=

3| Fig. 40 YeR)T, 71 ATS Table 29 Aelatict,

B 30709 SRASe] ok Fol TAE A spo,
B nEe dr)4 ohE Ak BA0] 9l @714 Qfm Al

Table 2. Microbial community structure of Planctomycetes phylum in the activated sludge obtained from a domestic wastewater

treatment plant and anammox enrichment

Genus Raw activated sludge After anammox enrichment
number of clones Relative abundance nubmer of clones Relative abundance

Planctomyces 4 5.3% 0 0%

Pirellula 12 16.0% 0 0%

Blastopirellula 0 0% 0 0%

Gemmata 16 21.3% 0 0%

Isosphaera 4 5.3% 0 0%

Putative anammox 39 52.0% 0 0%
Anammox 0 0% 36 100%
Total 75 100% 36 100%
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7095 FFHFE k= AS & 4= AT
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714 g ABRE Candidatus Anammoxoglobus < gt A3} n|YES Eoufjoksl EAYESA 7S Edlo] =5
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