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Abundance and Community Composition of Ammonia-Oxidizing Archaea in Two

Completely Autotrophic Nitrogen Removal over Nitrite Systems

GAO Jing-feng', LI Ting', ZHANG Shu-jun®, FAN Xiao-yan', PAN Kai-ling', MA Qian>, YUAN Ya-lin’

(1. College of Environmental and Energy Engineering, Beijing University of Technology, Beijing 100124, China; 2. Beijing Drainage
Group Co. , Ltd. , Beijing 100044, China)

Abstract: Ammonia oxidation is the first and rate-limiting step of nitrification, which was thought to be only performed by ammonia-
oxidizing bacteria ( AOB). In recent years, ammonia-oxidizing archaea (AOA) was also confirmed to take part in ammonia oxidation.
The diversity and abundance of AOA have been investigated in various environments, however, little is known regarding the AOA in the
completely autotrophic nitrogen removal over nitrite ( CANON ) wastewater treatment process. In this study, the abundance and
diversity of AOA were investigated in the biofilm and flocculent activated sludge collected in a lab-scale (1) CANON system and a
pilot-scale (P) CANON systems, respectively. The quantitative real time PCR ( qPCR) was applied to investigate the abundance of
AOA and the diversity of AOA was determined by polymerase chain reaction (PCR), cloning and sequencing. The qPCR results
showed that the average abundance of AOA amoA gene of L and P was 2. 42 x 10°copies-g ™" dry sludge and 6. 51 x 10°copies+g ™" dry
sludge, respectively. The abundance of AOA in biofilm was 10. 1-14. 1 times higher than that in flocculent activated sludge. For P
system, the abundance of AOA in flocculent activated sludge was 1. 8 times higher than that in biofilm. The results indicated that the
abundance of AOA might be affected by different sludge morphology. The diversity of AOA in P system was extremely limited, only one
OTU was observed, which was classified into Nitrosopumilus subcluster 5. 2. The diversity of AOA in L system was higher, eight OTUs
were observed, which were classified into five genera: Nitrososphaera subcluster 9, subcluster 8. 1, subcluster 4. 1, subcluster 1. 1 and
Nitrosopumilus subcluster 5.2. The diversity and abundance of AOA were different in CANON systems with different sludge
morphology. AOA may play an important role in ammonia oxidation in CANON system.

Key words ; ammonia-oxidizing archaea ( AOA) ; completely autotrophic nitrogen removal over nitrite ( CANON) ; biofilm; activated

sludge ; abundance; diversity
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bl 75 7K AL B A — A A R IR B IS K h
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TR R S8 AOB FHl AOA 19 Fp J& FIECR: I B 5E
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RYIE TR B B R A R R i g pH
DO | NH,; -N#JE 4 X T iZ R %W & Ak ik
AP R EE T T AOB, H & CANON R4
AOA MBFIEAR . FEF b, ACHFIE T 2 A4
CANON {5 /Kb HL R Gerh (1 A/ 1 AN iz
) AOA MEIE AR B FRAE 5 (AN 2558 1T A= W) N
PRI R R 2 P FTG RIEZS 1 AOA A9 EE
X, 38T T I5 TR IEZAS X AOA B, ABF5Is
JE NATTXFT CANON 2 Gt Hh 2 A A A= AL,

1 #RE5FE

1.1 SR

ARG 452 2 4> CANON H HE A RS
REGZ AT T 0.12 m’ () 77 dib X A 9 B 2 N 2%
(sequencing batch biofilm reactor, SBBR) , /M (1ab-
scale, L) ; lREIZ1T F 500 m® MHLFEAT M40 AN 2 0
BRIEUBL 1 5 40/ 4 U0 AL &R 4E ((anoxic/ oxic, A/0)
Hisk ( pilot-scale , P) .
1.2 SEEK

G L AP 43 A BRI T TS K AR 3T i
WK ENH, -NIRE TG R AL L. R4 L%
P FERE AL 5 U8 0.06 m®, JEH AR & 4
ANAMMOX [ (45 SEORL SR 10% 5 RS8P
PSS IR UE 10 o, FF RN E & ANAMMOX [
(25 U BRFIIE: 2 WO A EURL, BURFEL R 20% . R4 L
AP FEH KK L RG2S 8O0 R 1. ol . L
45 COD FEA EBRF 3514 50. 0% F1 78.3% ,
M P 5 COD Fl & ZBR35 5N 68.2% Fil
84.0% ~86.7% ,2 T RGIBATRHCRILLS.

#1 21 CANON i5/k4 B RS ETUKRSH

Table 1 ~ Water quality parameters of wastewater in two CANON bioreactors

P HEK /gL ik /mg-1.~! MLSS ~ SRT  HRT DO
S 7t ~1 -1 -1
/mg-L™"" COD TN NHf;-N TP COD TN NH;-N TP /mg-L /d /h /mg-L
L 0.12 206.58 51.52 43.89  4.09 40 10.7  7.24  0.17 3000 4~5 3~4 0.2~0.5
P 500 516 500 ~600 450 ~500 14.6 164 60~80 <15  2.65 3000~5000 8 10 <0.5

1.3 SRS

IIRARTSEIBATIRGE L M P iP5 e 2
RFEYIREIECRL AT -20°C. FEAIEILILZR 2. LAl
P RTA ALY AOA HRHISEZELE & PCR H0AR
( quantitative real time polymerase chain reaction,
qPCR) # 175 & 4 . Ho, L A& & &
ANAMMOX FHURHE) SBBR FUN# , I # H 3=
AR EAR LN, P BINE & ANAMMOX (i

RN A/0 RS, X ARG ERE LR RIE SR
BEHURE A LRI FORE A P4 (T5 R 24A) R,
K B A W 5% 28 M ( polymerase chain reaction,
PCR) FIFERERARWIFE L AP AOA ZHE1E.
1.4 FEAIHT
1.4.1 DNA 21, PCR, Sl SCREMR G KT W
R

i F§ Fast-DNA® Spin kit for soil ( QIAGEN,
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Table 2 Information on samples from two bioreactors

JrdET FE A BRES BESh A

L1 A7) HARIZAT 10 d JFIAK R 1 em ST 2R 7 H

L 12 IR KR 14°CiZ217 45 d 3K 1 em SEAREGSR 7k
13 A R/ LUN FWIRBT 10 d BYERITHIE R
P1 JAsL7/) B 10 em BROIFERNILK 1 em 137 (R4 0B

P P2 AW i BAR 10 em BAIFEERN 8 mm JEJE 1 R 4R HE R
P3 g K1 em BT IARTRAEURL
P4 ARG % LN TE LIS e Bk

CA,USA) DNA 5 &, 52 BCAE Wy AN 3 P 75 e A
fn DNA. i H %% 5% M 51 ¥ Arch-amoAF (5'-
STAATGGTCTGGCTTAGACG-3") Fl Arch-amoAR (5'-
GCGGCCATCCATCTGTATGT-3") §" 4 AOA 1) amoA
FERT PCR R M R AR R WLSCHR[15].
Zero Background TA TOPO Cloning Kit ( Clone
Smarter, Houston, USA) ¥4k /¥ PCR F=¥) i £ 3
pCloneEZ-TA-AMP #ifArh Jf-d5 2% A DH108 %32
Y, BEDLPRBCEA_E A KA A BE, 26 1R P SE 2R A
WA (A6 A BRA "R KDY Y 8 4
MEGA 5. 05 F1 Mothur 1. 19 kX FAbBRS | #2 97% 1Y

FEHIARRIEE T AR B R M OTU I SCPE AT 75 38 M
ZA-ZREETE B, IR 2R E i k. #E NCBI JE
RORUIUNS A 7 I LR~ o N A T R/ R e =S 2o S D
MEGA 5. 05 #F BHAREAE OTU FF 2% /0 55 [ IR
FEH | R ABRSE & 0 AOA 1Y amoA REPH F51)2R
41342 ( Neighbor-joining ) i) 8 R G0 Kk B .

1.4.2 PCR
B, EA RS Y AOA amoA HI A

Bt W% A B Vi B B pCloneEZ-TA-AMP #% {4, 4%
A DHI08 2 S A K, e A PRBE, i 1, 2200
FPRAIE) AOA amoA FE 51, $2 U AT H /Y - Bt
FIBCRIAE b qPCR AR UE &, SR 51 Arch-amoAF
F1 Arch-amoAR ,Z: B8 SCHK [ 11 ] H (99 389 1k 2 Fn e
¥, T Stratagene MX3005p thermocycler ( Agilent
Technologies, USA){S(%%J:%FH qPCR (SYBR Green
I YRk ) XF AOA & . ik &t — R 5 #i
B fHHVREE (L DNA i) 101 ~10° copies-pL ™",
GE LA v YA e B NS TR = S | I A
11, I B B B qPCR IO 1 AR h - 3,33,
PR 99.6% , bt LA R B R
0.997 , ¥ fifk Hh £ g B — Uk

1.4.3 JPIPERS

L AP ARGt | P43 58 2% AOA 751,

$252# GenBank Uil i, %5 53¢ 5 431 24 KM402140

~ KM402168 #1 KM402169 ~ KM402197.
2 HRESW

2.1 2> CANON V57K PR LE AOA B Rk
ASCHIZE T 2 4> CANON 5 7K db B & 45 (L Al
P) HORTATS Y AFTETE 2 (A W BRI 1 15 e 22 1A%
YT AOA B (52, L AP REH0 7 DRES
AOA AR Y4 e qPCR AOSS SN E 1 FioR.
MHAT AR 23X 7 DFEST AOA 1 amoA FEH 75 &
(LA dry sludge i1, FIH) YL~ (2.67 x10° £ 1. 16
x10%) ~ (1.26 x10” £6. 50 x 10°) copies-g ™",
R 4.76 x10° copies-g~"'. H W #s L AP i,
AOA WY FFEE S MK F] 2. 42 x 10° A1 6. 51 x 10°
g ' RNigR Lo AR BERE S L R 12
AOA 1y % & 7 51 J& 2.97 x 10° Hl 4.02 x 10°
“TGTRER 13 B AOA IR K 2. 67
U ARYIBERE S AOA B2 iR
PRSI EARRESN Y 11. 1 ~ 15. 1 4%, BeH AR [A)75 18
BXT AOA Hrm A —E e, Hk M 12 A T
RIRIAEE T (14°C) , M H: AOA $iE ik, FARIE
(14°C) FFARME AOA A K IR EXT T AOA %z

le+8

copies*

copies-g

x10° copies-g

o i
ST

let7 ¢ i

let6

le+5 §

Ll L2 L3 Pl P2 P3 P4

I H = Jif/copies-g !

El1 24 CANON SKAERLGH AOA EEBLER
Fig. 1 Quantitative results of AOA amoA gene copies

in samples of two CANON systems
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AIREI AT BEAR K. A% P oA, 3 RS [R) A 4 0K}
(4r5124 PL, P2 F1 P3) i AOA B AHZE A K, H
AOA HY%HE 439K 3.61 x 10°, 5.90 x 10° F1 3. 96
x 10° copies-g ™", F- I 1H J 4. 49 x 10° copies-g ™',
VR AE W IEORE B /N L TR AR BL R 5 X AOA
BRI K, 1508 2EK P4 h AOA MY AR 2
1.26 x 10" copies-g ', 2 AEYRET Y 2. 8 i, if—
UG RIS AT AOA BEEA I BHS L
EXS VAT E )l
2.2 FEFEAESLKHEIT(OTU) 9 AOA ZHEE
FESD L1 A1 P4 5 FA155] 29 2% AOA 751, HAR
BRI & 2 iR, 2R BRI 3R 3 k.

ML 2 A BN S R R e i Ze Xk 2 5 1
(] 471 ) S 55 B2 43 il e 3k 86. 21% i 100%
VLR, Dy & 2 DR WA 5 i AOA () Z K. FE
97% I FI AL R L1 A P4 43 5I75%] 8 A1 1 A4~
OTU, [F]l L1 (7 A< 48 20 0] 5 &5 T P4, BB L1 h
AOA WMZFEVEI B T P4, &3 WA T L1 Al P4
FEah T OTU Y40 A K & £ Ho L1 v OTU2 F1
OTU4 A FEL) OTU, HFr 7 i LL 5 43 51k 55. 17%
M117.24% ; LA, OTUL A1 OTU3 FF 7 () L 451125 R
6.9% , 1 OTUS F1 OTU6 Ff (& He 4] 5 /N, ¥ K
3.45% ; 1 P4 LS A OTUG , HiERH T L1 H AOA
() Z2 R B 5 5 T P4,

#£3 1 CANON KA ERGEH AOA EEZESHER
Table 3 Sequence diversity of AOA and Good’s coverage of the clone libraries in two CANON systems

BE pllRg-¢ OTUs % SOV SR % Chaol $6%L 78 OTUs K/ kR OTUs %/ % AARIEEL
LI 29 8 86.21 10 80. 00 1. 46
P4 29 1 100. 00 1 100. 00 0.00
12 100
—=— L1-AOA
—— P4-AOA = A-OTUI
10
80 + = A-OTU2
ol = A-OTU3
= 60 m A-OTU4
? 6 _% B A-OTUS
5 = .
HI a0+ B A-OTU6
4r B A-OTU?
p 20 + B A-OTUR
- P-OTUI#
“0 5 10 15 20 25 30 0
- ) - N L1 P4
5% i
= y s A b b2 g
B2 24 CANON i5/KAMER Gt AOA FEE M HIE i 2% B3 24 CANON 75K RLH AOA K OTU
Fig. 2 Rarefaction curves indicating the richness of AOA within AFEURMET & B
clone libraries derived from different samples in two CANON systems Fig. 3 Distribution and relative abundance of
OTUs of AOA in two CANON systems
e 12 v
2.3 BT REKTH AOA Fim 2+ P

X5 AOA FE R 73, A 2 DB B, 5 —Bir Be
SN AOA TR SR TR Y group L. 1a Fl group L 1b )
BrEc L la BRI ERAN AL T 0 L 1b EE
TR BB AOA R 2y E] 4>
B “ 2775 W17 ( Thaumarchaeota ) ” %' |
I H¥ AOA 437K Nitrosotalea cluster . Nitrosopumilus
cluster ( Bl group 1. 1a) . Nitrososphaera cluster ( Bl
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Fig. 4 Neighbor-joining phylogenetic tree based on AOA amoA gene sequences
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