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Abstract In order to study the long-term influence of organic carbon on performance and community structure of
an Anammox reactor, propionate was amended stepwise into an enriched Anammox reactor to investigate the
dynamic change of the structure and function of the community. The results suggested that nitrogen removal
process was mainly achieved by Candidatus Brocadia. Carbon and nitrogen were simultaneously removed by the
growth of heterotrophic bacteria under 100 mg/L propionate, while total nitrogen removal efficiency reached
91.9%. A suppression of growth of Candidatus Brocadia and a significant reduction of total nitrogen removal were
observed at the present of 200 mg/L propionate. The relative abundance of Candidatus Brocadia and total nitrogen
removal efficiency decreased to 41.2% and 78.8% respectively. After propionate concentration recovered to 0
mg/L, the nitrogen removal efficiency of the reactor improved to 86.8% and the abundance of Candidatus Brocadia
was recovered to 54.0%. However, the community diversity decreased and the microbial composition at genus level
changed a lot.

Key words anaerobic ammonium oxidation; propionate; nitrogen removal rate; community structure; Candidatus
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BB IR RSy A%, AL A & B
Wit SR AR FR IS I, b7 B 08 A WL & B
FEAR . 76208 b B UE W rh, A5 W) AT % i A AL o
(BOD) & £ £ T 500 mg/L, & & & & T 1000
mg/LUY, RS T LR M KK, £
16 50 R A Ak - IR A A b 4l A T2 (SHARON-
Anammox)™ | FB 4> WA LR E F B T L
(PN-Anammox) V1 & A £h 52 i 1k PR 48 4 S e Bk
A T Z(SNAD)Y! A 5 it Hofh 2 7 #% 55 Anammox
BN R, 52 B BILAR AAU [R5 B

£ Anammox [ i a5 F e E ZAE F A9 Anammox
YT LA CO, Ml AL BE H S A . R
K, B HLIRZ % Anammox 20 5 77 AR A B g2
b & TR A 8 = 8 Anammox 4l B 19 & B, F55IA R
1 4 AT LA A fig 25 2 Anammox 2 & 1) 2F < 5%
5% Anammox ISP, A5 HLER X Anammox 4l
) 5 W) G, 65 400 1) 4 RO 24 FH A~ D7 D, PP SR
CPEF/N TR R O B2 By 2Rk
KA A LY 2 H B 15, MM X Anammox
20 B s S AT 3 A i M A U S A 4
B T ALY BB, TR A i AR R R R
T HFRUE, 7EA LY BB e, SO SE 9%
40 ) A 2 3] Anammox 0 R AE K. S4B L
W AR, Anammox A1z il Ak i 3[R FH AT LA
SRR A R L BR o MR BE /N A DL RS
Al LA &% Anammox 4l 18 (1 A AL E FRACH R, LA
A LB N AR R RS R L, AR Tk — 242
VR BRI, Feng 45 US5E 2 i Ak W % SR A
AR 2= o0 BT 32 BH, 7 COD ¥ 2k 60 mg/L 1 4%
HF, IRAE 37 Anammox 41 B H A 3% %! Anammox
20 TR B A B T R, M4 SR W (EPS) Y 7 i
WHK; 76 C/N N 0.3, NADH, NAD' LA ATP
HFERIE N, 200 Anammox A5 B & XN, Tao
UM PC AR AY R Hh RN R £R X Anammox
BRI, KBV R ER RN R £ Y
T ERCR IR R 104500 B, HINMRER M & 4
R\ T MR EL . Anammox 40 H 19TR &8 R4
HH, EMFEARMITEESRE TR A ET
AL, 7RIS KA BRI A )iz B N
Al 5t o

TELI PGB IR T, T4 R PERR iR (VFAs) 2 2
DL TR EE N R EL F I AAEAE . NIREL IR EAY)
A PR R R UL B R R T 2 —, AR R,
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TE—EWEEJLE N, Anammox RGEX NI Eh BA K
S0 38 S PE P02 T i Anammox 41 B FE 74 455 A i
PN R AV B AR A A, A3 A e TS K b B F v
BTG K A R A AR B, g b A o ¥ e 2
Kk, AHIEZE DL R 64 R A HLBR IR, 58 A [l ok g
{14 TR TR 3 X Anammox ikt 20 BE 77 F1Ff R 2485 44 1) 4 9
20, LUk Anammox T2 b F Ik C/N JE 7K /Y
A BEARAIL RS AR A

1 R 5H%
1.1 RN EZERIEITEG

AWEFE R A AR 1.5 L 0 BEA= 4 ) I 2%
(membrane bioreactor, MBR), & A #/KE . HK
. Wl FURBE S T . ARG B KV ARk PR
UE SV 28 0328 1718 S 35°C+0.5°C, 3l 1 4 K R it
[] [ 0 2% U B Ar-CO, (95%/5%) 1R & M, 151l
SN A% pH R 7.0~8.0, [R) IR AR TIE S5 17 #% H 1% 5%
WAk FIREA . il B DL 120 rpm 1Y G2 1T,
J2 N 8 B 7K 7455 B8 B ] (HRT) S 24 /NiF o 45§ 4%
A S VL AR FEAR, Bl 1k 6 BT 85 32 4 = A R i)

PG R H LR B R E BT — L B
Anammox JZ WV #% o SZE K K b N THE HE 40
R, LABRER S50 R TCHLBR IR, LA il iR A F1 51
fhe AR, & A LENT YR, oo R mYE
A, HTHEMEYERNTEE, BN 4l
AR : MgCly-6H,0 (0.0813 g/L), KH,PO, (0.01 g/L),
CaCl,-2H,0 (0.015 g/L) Fl EDTA-Na,(0.00625 g/L),
DL i a2 TR (L3 1)(1 mL/L)P2,

PR AR K 52 e i g0 SL D i 183 Ko ARtk /K
HN R A v BE AR AL, B SN AR IS AT 4 5 A B
B BrB I Mt st (414~451 %), #EKH
NO, -N FlI NH,-N ¥ Bk 1000 mgN/L, P9 R EH

F1 EHEKMEBTRREEET R

Table 1 Components of trace element solutions

AR % W /(gL
ZnSO04 TH,0 0.43
CoCly-6H,0 0.24
L MnCl,-4H,0 1.00
IR TCR R 1
CuSO4-H,0 0.25
NiCl,'6H,0 0.19
H;BO; 0.014
I NaSeO,10H,0 0.21
PR IT R WA 1T
NaWO4-2H20 0.05
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BE R 0mg/L. BrBEII(452~482 K). III(483~520 K)
F IV (521~539 K) 43 51l 98 3% 1 7K v D TR 4 Wk B2 Ry
50, 100 #1200 mg/L, Jf-iHZ ek /K vh NH,-N i
5 1000 mgN/L . # 7K NO, -N ¥ £, BBt 11
1000~1060 mgN/L, BB IILFI IV 24 1060~1090 mgN/
L. 1 THEIV K NO, N EIF R E, &
N g bR A MERE TR, BB B IV LDt 18 Ko By
BLV (540~597 K )0 g 4 B PR S I, kK
IR AN A e o 0 me/L, I TR K A B A
NO, -N FI NH,-N ¥ &£ 431 & 520 F11 500 mgN/L, Jf:
%A TFE 1000 mgN/L.

1.2 KRS # N

e N R is Tt FE o, A 2~3 K IR I g
arthoK, £80.22 pm S8R U8 S I e < =AU B, K
9657 1k 5 A T IR AR SR AT 8 KR 7K W i A
SIMTITEE ) o WAEENO, -N)IAE T N-(1-Z858)-
L RS IR, A A (NH, -N)T 22 2R 44 [
A G EE YL, WA (NOs N >R FH AL 1 28 4b
SICIEEETL . AT AU (COD) N 2 2 BRI
TR
1.3 DNA =2ENS5 &

Z W50 & v, % £ PowerSoil TM i 1] &
(MoBio Laboratories Inc., Carlsbad, 3% /[E)¥2H 40
BE P 2H DNA . fifi ] 515F (3-GTGYCAGCMGCCG
CGGTAA-5") Fll 806R (5-GGACTACNVGGGTWTC
TAAT-3")iE 5199 B 405 16S rRNA FE K Y V4
X, J TaKaRa MiNiBEST DNA F Bt 4li fk ik 5] &
Ver.4.0 (TaKaRa, HA)4ifk PCR ™), #KJ5 FHEER
HL UK AT B S A 2 . 16#% 1llumina Hiseq 2500°F 4,
X 16S rRNA V4 X HE47 il sl fy, 15 20007 K
R 2%250 bp XS 500
1.4 BERANSINEES

TE S # i A7 A rp R A 18 MR A, BB
1y D414, D424, D434, D443 fl D451, B 11k
D458, D465 fl D472, BBt 111k D489, D497, D504,
D512 1 D520, B Bt IV & D539, BBt V iy D563,
D580, D587 1 D597 . fii Jil FastQC ' Fil Trimmo-
matic VBRI GG BN AT AL U, JSBRAKR
AT .l QIIME2 H 4F, Xt i i J= /Y 16S
rRNA S P50 HEAT 40 B o SR 3R 552 )% 51 14 AR B
FER T 97%, WAy [F]— A w] #:4F 5 FE BT (ope-
rational taxonomic units, OTU). f#fi ] SILVA %¥z
(release 132)%F OTU #4740 8B, It HE a £

MR 168 rRNA L J7 51 (17 43 e B gh &, fff
F FAPROTAX #4855 0 ¢ 9% h Bk . 1 FHl Gephi
(v0.9.2) K2 Force Atlas 83, X 43 4% [&] ik
A7 Al AL

2 ZRE5H5WH
21 RM=EBRABET

& 1(a) fib 78 S v iz A7 3 115 7K A A S A
(NO, -N). Z A (NH, -N)FIiF &5 2 (NO; -N) iy ¥ &
Ak, BYEET (58 414~451K), R stk R g8 n
HALBRIE, LA CO, F1 HCOy Jy M —B J5, Hsk
NO, -N, NH,-NFINO; -NI /M4 3.9+2.7, 94.4+
14.5 1 150.6+33.2 mgN/L, A& 2 BRE H 87.6%
1.8%. BB I (S 452~482 K), HEKHINBRENH L A
50 mg/L, H7KHNO; -N ¥ FEAE 7 135.4+14.0 mgN/L,
BAEBRREMAK, H87.3%1.4%., BB I (ZH
483~520 K), k7K H PR B Mk B2 I B Sl 100 mg/L,
HZK I NOs -N R F - — B Beg e in, b 151.2+
16.4mgN/L, SR LBRRIEAIEIN, 7 88.5%+3.2%.
4 HE K I R ER VR BEAIC T 100 mg/L B, X SR 2 Y
BrAEPERE I W, Ni SRRk, MR B A AL
T AN 2 B S b B2 i) NO, -N I NH, N (9 5B R, 1M
S Ak 41 TR A A7 AE TT LA B NO; =N, AT 2 5
REBRFE, BrBEIV(EE 521~539 K), #K AR
WA 200 mg/L i, Hi7K 1 NO, -N R FETF R A 2,
ik 5] 217.45 mgN/L, NH,-N £BRR T, RV
MEAEBRER TN 78.8%+5.1%, Huang %1%
AT 45 A2 W, 240 mg/L i Z FREL #1400 mg/L
) TR R 2 40 S 4 NTHL, TN 25 B R AR 33% 1 29%
BBV (55 540~597 K), 45 1k 3F K oA Al g 50,
S A% P BR A RE B WK &2, oK oE I NO, N
We B R R 3.841.8 mgN/L, S a1 F- 14 2 R 2=
FRIATNN 86.8%+2.6%.

R I8 Anammox [z W 52, NO, -N 5 NH,-N
THFE L PR FEIE(E R 1.32:1, NO; -N =/ 5
NH, N A8 & F g p B 0 0.26:1P1, NO,™-N
5 NH, -N = A HAE L NOy -N = g 5
NH,-N {4 #6 &8 19 LU (B 2 Bl SO W 25 2580 | s 17k
L K Anammox 40 B AE BRI 69 728 4k 1 28 AR P21
AL LA BRI 2 o A A P A A AR AR IR
B3 B 1(b) /R, NO, -N 5 NH,"-N S2FRIS#E L
4 2L K NO5 -N 774 5 NH, -N g #E i LU 2/ T
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Fig. 1 Concentration of nitrite, ammonium and nitrate in the influent and effluent (a) and the radio of nitrite consumption

to ammonium consumption, the ratio of nitrate production to ammonium consumption (b)

FRAH, X2 H T Anammox i F2 7 42 1 NO; -N £
A A S Al Ak i R B AR A TR R A ) #7 (DNRA) it
T2, Wk — Ak . Anammox 41 1 1 fig
[ i B A Anammox 1% i F1 DNRA 1t i@ 12 B, 1
DNRA #f & DL 2 46 75 b i 7 it ik, — &6 4
NO; -NAENHLF 3214, Bl Il NH,-NUS 7
BEIVH, M THERERME T Anammox 4 B 1Y 15 1,
T EONH, N W AR TR, 580w Y By B H,
NO, -N 5 NH,'-N SZBx i #E & (9 LA A BT m, [
Bf, AL B 6 NOs™-N ¢ 8 R/ F S5 30 K
NO; -N IR FEREAL. T ERER Y34 I 5 20 NH, N {4 #E
TR, WA TSR SR AN S VR N o AR T 4
R LR, 5E AR —5
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TEAGR G, BB I AL HS 7K B COD ¥ 2 8
RT3 H R (50 mg/L O,), BB IV K COD #k
4 80 mg/L O, (/& 2), Anammox JZ I £ %} COD 1) 2
FRFEAT 5 90% LA |, NERER A s ] L & Anam-
mox 41 & 1943 HLE =B 1, 158 i AR ik
IR R, BLAh DN R R4 1T BE Bl 14 2 v HoAth S 77 40 v
FIH
2.2 ThEFEHMIBET

R T RGN A is AT ok B A R A A Y
AR AL, X 18 AN B[] 45 A DNA B & i 47 16S
rRNA L7 b7 . R ZEH 210574 OTU, &
AN S BT 5 B 2R T 0.99, T I I A T B AT LA A
SFEAAE ., P s A (R 2).
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Fig. 2 Total nitrogen removal efficiency and COD concen-
trations in the influent and effluent over five phases

xR2 HRP o SEMEERET
Table 2 Alpha diversity index in the samples

FEfh 4  Good’s coverage  Observed OTU  Shannon $5 %
D414 1.0000 99 5.67963305
D424 1.0000 122 5.81900489
D434 1.0000 122 5.91148391
D443 1.0000 120 5.72186882
D451 1.0000 125 6.00791396
D458 1.0000 125 6.02751380
D465 1.0000 107 5.85764505
D472 1.0000 97 5.49289547
D489 1.0000 111 5.98088352
D497 1.0000 141 6.23473858
D504 1.0000 121 5.98429837
D512 1.0000 135 6.19075308
D520 1.0000 127 6.23077086
D539 1.0000 127 6.15363254
D563 1.0000 105 571721443
D580 1.0000 100 5.74760778
D587 1.0000 100 5.84875476
D597 0.9998 97 5.66833873

TR AT 5 A2 A Y o ZREPEAR AL,
WRY A Z PR L%, Observed OTU f5%k
RIEYFEEE, WK 3T IE 1, fER BT
A}, Observed OTU $8 %k =1, B SN IR I & R
100 mg/L i}, #EE M EERE, WKEHE
Anammox 41 HBEVE A K . ZEFBE VI, Observed
OTU 5 i Ak, UhHIAEMRE B, HEds iy g
mi/b, AlaesE b — B Beit K N TR vk B A 200
mg/L B, X5 A A 0 A A7 1 B R . Shan-

1404 (a) |

1304

=S |

1104

Observed OTU
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621 ®
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Fig. 3 Alpha diversity in five operational phases
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non $5 $0Z5 & % SR & T W) R A BRI A,
M 3(b) T LAE i, BB 13 B: 111, Shannon 4§
BRI N, BEHT 24 kK i N RR Sh v 52 50 #1100
mg/L I, [ R g o AR B0 0 0 B 2 R PR I
Fto FEMBLIV, Shannon 48504 BT F M, 7ER BV,
Shannon F8 £ AL . X E W, YN ER A FE 4 200
mg/L B, WA i E Y 2 B 52w, Y)Fh 2
TR, TEBT B VIR ], A SO A I BR A K RE
WA, ARG 2R AT R R

TE Anammox 41 B& BEV% H, RGN 2] 19 41T
WA . WITKERE, #8 W (Planctomycetes) |
LRI 1(Chloroflexi) . I (Bacteroidetes)F
ARIE W ] (Proteobacteria) ek 22 W =F E fr w1,
ARG 90% LA (] 4(a)), X 44T T A=)
ST T ROE IR BEZE R . AE Al Anammox [ 7%
o, R ROV g RIS | AB AT AR RN AR o
AR, BSETE] . WFFETTRZERE R
A BRI H BT, B AT] 22 R A A
A AR RPY feiteisied, S8k
Y13 H 5 Anammox A4 R RIS 72 4E R4 AR 5T
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Fig. 4 Community structure dynamic changes at phylum level (a) and genus level (b)

B 5SANBY Be b, TR T RCE M aa 24 5 5 3 S 0,
S5 TR A 0 T 3 S B A R 15.7%+2.4%,
11.4%+2.5%, 21.8%%4.7%, 23.8%H1 16.5%+1.9%.,
ATLLE B, M HEK A N R #h Wk B = T 100 mg/L B,
SRR T T T B A BORMR B A3 N . ST T
AW))E T S5 AN, 0T LARE i R0 P DR 48 s i
PR R Y, BLAk, SRR ik T L
A RS2, AR TS e BRI B AL
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Bk VR i 25 412 38 Anammox 21 B 43 0 il 70 3R 45 41,
R TR R . Bk, FERNERER U B 100
#1200 mg/L B}, 4 #]TF Anammox 41 [# 43 i) EPS, M
ML R A A . SRR TR
T2 RN, A TR TS U 4 T B Hh ke AR A
Pijuan %538 11 #85T SBR 2 #% 1 COD % Anammox
T V& S5 AR B2 e, AR in COD 23 3%
Anammox {& PEBE AN, ASTE R 1405 4= B R, $
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FFEA T TR =FRER N . Ao AR TR 1) 40 e = 5
H5WMHETTHEFEESZMRE, X2EHT
Anammox [ %Ak 1 8% B W & AR, TN R Bk
i 4 200 mg/L B}, XF Anammox 4l & A — *& i) 1)) il
YEM, IRt Anammox if #24)54% 5 =S Hu7 o

(&l 4(b) .78 B AR v 32 BE HELE T 10 2 /0 8,
P 9 i BE N Anammox 40 B B JE N Candidatus
Brocadia., 7E5 /BB, HAEIFEREE 43000 54.9%+
1.9%, 56.0%8.1%, 38.7%=7.0%, 41.2%%1 54.0%=+
3.1%. Candidatus Brocadia it Bk 2 BT
B . LR As AR A, 10 B T R 4R vk BE AR T 50
mg/L i, %I Candidatus Brocadia [ 4 K JG B i 5
Wi o /& /NG A ALY RS A N2 0% Anammox 4
PR A HLE R R, Anammox 41 AT BE % L) A
1% ER B A R 6 H 324K, [AII EA T I R 3k Ak
il Anammox i F2, F LK AR R 1L Ky o,
MR B = T 100 mg/L B}, X} Candidatus Bro-
cadia A K EMGIEH . ZEMBLILH, Candidatus
Brocadia 1 3= B 8 F B, X JE TR AN AT LIAE
AR, SO A 40 5 Anammox 4 I 55 4
SV JES), 0] Anammox 4 1 A4E K, H K g R
AR AU BEREAG, DR B A Y A R R BR R AR LR
Ko BbJa, K v R £ vk B PRI %2 0 mg/L
i}, Candidatus Brocadia 19 3 v LYK &2 31| 5 A 7K
Vo BT, 4Kk 54 E M Anammox 4H R, Hrh
Candidatus Kuenenia, Candidatus Brocadia, Candida-
tus Anammoxoglobus Fll Candidatus Jettenia # 17 7E

FIEKIGIRY, Candidatus Scalindua il ¥ 727E T 1
tEE 7 LR D O (W= i NI N RE o S O (o
Anammox & I FEYh, EE RA 1 EEEYE
G R RAP BT FEBYBE VR, Candidatus Bro-
cadia i - BEVR & 3 A ACF, UEHIA HLIRXT Anam-
mox 4 B A VR = nT 306 Y . 7 ViR BE A HLAR %
PR, Anammox i P 2332 B0, HA HLEK I B2 R
fIXJ5 , Anammox 411 F# F B 1 LAV 42 1%

Bk Anammox 4 & 4h, &R h BA A A U fg
BT W i L S AL T . 2 AL 2 TR (ammonia
oxidizing bacteria, AOB)FI AR £k & 1L ¥ (nitrite-
oxidizing bacteria, NOB), [ 5 i 7 [a] &AL Lk
WAE 5 BBy £ AR, [N AR H Denitratisoma
J o — b S IR S A TR, ELA e R Y S AR R
Fe, ALK NOy N 54460 N, FEBY BTV £ i
e, N 1.21%0 T AL R X NOs™-N 5544

(a) Candidatus Brocadia
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B 40T
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Fig. 5 Abundance of nitrogen metabolic bacteria

H, SFEBYE IV K H NOs -N R BEFRAG . 7E B Bt
Vi, T KON EInA PR IR, SR A T Y R
FE A M 0.53%., Anammox 41 5 -5 S Al A6 40 B 1 3
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