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Abstract: A sequencing batch reactor (SBR) operated under alternating anaerobic/aerobic
conditions was employed to investigate the effects of carbon source switching from glucose to a mixture of

amino acids (glutamic acid, glycine, proline, and aspartic acid) on the performance and microbial
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communily structure of an enhanced biological phosphorus removal (EBPR) system, and to establish a
synergistic EBPR pattern. The results indicated that the change in carbon source was beneficial for
phosphorus removal, with an average phosphorus removal efficiency of about 90%. However, as the
proportion of mixed amino acids increased, the ammonia nitrogen removal efficiency showed a declining
trend due to the increased hydrolysis of amino acids. During the operation mid-phase, sludge bulking
occurred. Nevertheless, phosphorus removal performance recovered after system adjustments. Although
the amount of ammonia nitrogen removed was improved slightly, the removal efficiency did not increase.
High-throughput 16S rRNA sequencing revealed that when the substrate was switched from glucose to
mixed amino acids, fermentative polyphosphate-accumulating organisms (FPAOs) like Tetrasphaera
appeared, and the abundance of traditional PAOs, such as Accumulibacter, significantly increased, while
the abundance of nitrifying bacteria decreased. These findings were consistent with the observed
phosphorus and ammonia nitrogen removal performances, suggesting that the mixed amino acids were
conducive to the establishment of synergistic EBPR pattern. Fermentative genera such as Tetrasphaera

could biodegrade amino acids into small organic molecules, which were more easily utilized by

www. cnww1985. com

Accumulibacter, thereby achieving synergistic phosphorus removal.
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Fig.2 Removal of phosphours during carbon source

transformation process
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Fig.6 Concentration changes of VFAs and various amino

acids in typical cycle

2.3 WMEYEHEHIW

ik 168 rRNA M, 381 1 B IR 5% A8 i f= 15 e
TR VIR SRS A . AR i Y Coverage F5 4K
PILE 99% LA b AT B AT BoR . e 1 B Be (LI
FWE R RIE ) , RS0 %W Bacteroidota (42.7%) |
Proteobacteria (31.5%) H1 Patescibacteria (21.1%)
IR TS I B B W e iR G B AR
Bacteroidota (32. 2% ) Fll Proteobacteria (36. 8% ) {J5 K
BT [T, Patescibacteria £ F&E W % & 6%, 5 I [F]
5}, Desulfobacterota & 1T+ 219, 3%, A5,
Sz I 1 7 5 Bk 8 AH OC O TR 1] 32228 Bacteroidota
H Proteobacteria , Fe 7% £ W Bt 1 o5 Lk ¥ i 30%.
% % D1 BE T J& Accumulibacter JIT J& B9 Proteobacteria
S MM B FE & T 1 B, Tetrasphaera T &
Y Actinobacteriota | 1 1E 55 — M Bt F £ N 2. 8%, 1L
A, 55 Wi R A S ) Nitrospirota 7656 T BE ) =E 2K

T — B, X LR 5 R G e AN TR B BT e 3 1)
W S AR LB TEREAHAT .

K7 [t T EBPR R4 1 55 MK B m K
A Y B RS AR AL

PAOsi IR OHB | others
o

XS /%

i
i
5
|
~
«

I 2383383 T eTAN S 2T ISII ST ST 2
SSSEEE S8 SEESES8ESSEE
SESEIE LS SEmssEEStsE e
SSE¢83% MGWAQSWQ.EQTQWEQU}O
SSSES 8T 8220 ST ESSEASS 8
TISER= N SESE Wz EEExRg =
S_QQZ 3] © T XSS He 2 C
£33 = 8 s ez ¥s 5=
§8% = §9 8 2 §FOER =R
3= = = 5
SN B -SSR S
3 S % E -
- ] IS
= T = £ s z
= IS = S S S
S = £ 1S 2
S < B 3 S
~
) g 3 s “n
~ ~= S)
3 3 ] o
= 3 |
= “ o
e A FIL
a 55 T BB
PAO S OHB | others
210 750 1 28 sae | 82.64%
17 o
=]
13 =

TAOBXNOB 0.02%

§| gllﬂlllln--n-_._

AT = B /%

~ @ ~ @ T OoOTOT 2 ET 2T VN 200 2T n
SES8CSESEETEE TS T LTS EEREEEE
SESSSS3SSESESESEESESSEILSEE:S
Sk Q S QIS RS = QR e NS = S L =]
SSE<SSS83S N E R SSTIBIS]VIRES T
S5 EESE 85T LS5 SRS s
SSTSRsSETS s i SesseeEEs
ESE5 S SESESESREEE88E SE3
Egi&eg DI’BDIKDI EDISDIS’E*E ED‘~~
%E U|Q wﬁwa"—c sn—c-ﬁwggﬁ S &
| S o dgTIES ISESES
o 2 T2 o HUN’SQ S O
= = SIS S = 58 Q a 1951
= 5 SRS 17} E=1slas] 5]
S = T )5 2 5 R =
= S <
= S $Ex T £ S g
= N S22 Q ]
§ S T55 35 :| 2 2
NS) -Q'S;g St S 2
=37 = 3
S =
= N \
(3% e
Q

b. 45 I BB
E7 mBEELEREMEVBKENEEEARS T
Fig.7 Distribution of microbial community structure at

the genus level after carbon source transformation

H1 1 7 (a) FTL FESR T BB PAOs T4 1. 5%,
Hrf Accumulibacter 5 R 0. 14% , Flavobacterium 5
i, N 1. 36% , Pseudomonas R#EH: o SIEY)
FeAe JiRk 5 BHEMRR LG8 PAOs 5 K B PAOs
F R AT AL G A PAOs QN Accumulibacter F) 3
EHO0. 14% T2 6. 22% 348K T 444%, Pseudomonas 11
FERTFE 0. 4% ; KR PAOs Wl Tetrasphaera



www. cnww 1985. com

SRIE IR, 35 K TR 25 2 09 Y B) A 4 Th B BE X M) 72 BB AT 2 AR

%40 B % 19 #

HER 0TI E 0. 17%., {H3R )& T Bacteroidota It
Flavobacterium VE N—Fh R #3252 i )
1. 36% B2 FIEZE0. 45%, 3 Flavobacterium T &
HAE A BN R B R GE b A . A, 5 1
W Bt RS R BRBEERE I AN & , DA RT Accumulibacter
H Tetrasphaera 55 B W DI e T & , >4 LA 46 W5 R flk
I8}, Flavobacterium W BRBERCHE AKX, 3 1l BE -5 7L
AW H B TEEAT G, WA RE SRS IAE OC. [HAG
HERE B, & T Bacteroidota ) Desulfobacterium,_
catecholicum_group F B K WF £& &, A7 b 5% 45 i1
Desulfobacterium EAT L fE 57 97 5 & WA= A S Qe
AE™ IR A E AR T AW 2 S W0 Z i il A
FH  PRUHCTE IR e 78 AR 5 IR J H 2 R IR A g
Z16. 14%, [FIFEEA L2 100 Sediminibacterium
Fo B AR KL S K 2 0. 2% 11 Saccharimonadales =
B 8. 19% T [% = 2. 45%, Uit ] Saccharimonadales
FER PR 72 3 A TP I PR 2

AL, L 7 38 TR0 i AL DD RE T & Nitrospira 1F
o5 I B B i1t = B2 AR T2 1 B Be (i1 0. 08% [ 2
0.02%) , X 5 @A LR EReny B ash—8, W
UL, 28 B B & 45 T & e PAOs (U Tetrasphaera)
FE G K PAOs (AN Accumulibacter) UL e HAth B %
B2 BE R A, B Tetrasphaera 5 Accumulibacter 11
F R A1 K E &R g T # S T B IR BR e
B
3 “Z#

© YRV EEER AL IR G EHER ) &R
G0 b [m] B B A5 RE 2 2 B T, BRI AR T 2 90% 72
i, W Tetrasphaera %5 K& W & B 185 BHA HIEG A
FER R IR, 5 Accumulibacter P} [F) BR B o 1L b,
Tetrasphaera %5 K W TH J@ W K4 AR 5 A 2 IR A 1
558 PSS i P

Q@  RGEME R L BRRRE HE IS 3% e AR
IR A AR5 T Bk, J5 R Dy 2 B R K i |
B B v L A TS AR T RE L R Y ik X
SEOG W LK A T RE 18 & Nitrospira 1 7= % th
0. 08% i 25 0. 02% , Z G X Z A 23 R RE B HL
52 SR S CEIE/ =

@ MBLUREGREILIR NRIENS, Tetrasphaera %5
AT R RE 7 0 T s e B 2 18, 99% , A
DA A ME iR, 3K T 2. 348 5 Accumulibacter

WK F 6,220, KT 44 %, Tetrasphaera A T
J& N Accumulibacter 35 [ [a] 38 K R R A9
Bt A5 2 il I

S

[ 1] Bmesh, BRI, XISRM . Tetrasphaera Z W5 15 WF 7% 1 e
K HBRBERE I HENT )], BR324, 2020, 40
(3): 741-753.
HAO Xiaodi, CHEN Qiao, LIU Ranbin. Research
advances of Tetrasphaera as polyphosphate accumulating
organisms and analysis on their P-removal potential [J].

Acta Scientiae Circumstantiae, 2020, 40(3): 741-753

(in Chinese).
[2] NURMIYANTO A, KODERA H, KINDAICHI T, et al.
Dominant  Candidatus ~ Accumulibacter — phosphatis

enriched in response to phosphate concentrations in
EBPR process [J]. Microbes and Environments, 2017,
32(3): 260-267.

[3] KONG Y, NIELSEN J L, NIELSEN P H. Identity and
ecophysiology of uncultured actinobacterial
polyphosphate-accumulating  organisms in full-scale
enhanced biological phosphorus removal plants [J].
Applied and Environmental Microbiology, 2005, 71
(7): 4076-4085.

[4] ZHAO W, BI X, PENG Y, et al. Research advances of
the phosphorus-accumulating organisms of Candidaius
Accumulibacter,  Dechloromonas and  Tetrasphaera:
metabolic mechanisms, applications and influencing
factors[J]. Chemosphere, 2022, 307: 135675.

[5] KIM Y, PARK S, OH S. Machine learning approach
reveals the assembly of activated sludge microbiome
with different carbon sources during microcosm startup
[J]. Microorganisms, 2021, 9(7):1387.

[ 6] FERNANDO E Y, MCILROY S J, NIERYCHIO M,
et al. Resolving the individual contribution of key
microbial  populations  to  enhanced  biological

Raman-FISH []].

Multidisciplinary Journal of Microbial Ecology, 2019, 13

(8): 1933-1946.

[7] ZENGIN G E, ARTAN N, ORHON D, e al.

phosphorus ~ removal  with

Population dynamics in a sequencing batch reactor fed
with glucose and operated for enhanced biological
phosphorus  removal [J].
2010, 101(11): 4000-4005.
[ 8] KRISTIANSEN R, NGUYEN H T, SAUNDERS A M,

Bioresource Technology,



% 40 %

%19 4

OE 4 K HE oK

www. cnww1985. com

[10]

[11]

[12]

[13]

[14]

[15]

et al. A metabolic model for members of the genus

Tetrasphaera  involved in  enhanced  biological
phosphorus removal [J].
Microbial Ecology, 2013, 7(3): 543-554.

MARQUES R, SANTOS J, NGUYEN H,

Multidisciplinary Journal of

et al.
Metabolism and ecological niche of Tetrasphaera and
Ca. Accumulibacter in enhanced biological phosphorus
removal[J]. Water Research, 2017, 122: 159-171.
REY-MARTINEZ N, MERDAN G, GUISASOLA A,
Nitrite and nitrate inhibition thresholds for a
glutamate-fed bio-P sludge [1l. Chemosphere, 2021,
283: 131173.

DENG Y, ZHANG K, KANG S Q, et al. Enhanced

et al.

biological phosphorus removal from wastewater and

population in dual PAOs

of Water

dynamics of microbial

system [J].  Journal Process
Engineering, 2024, 57: 104579.

OEHMEN A, KELLER-LEHMANN B, ZENG R J, et al.

symbiosis

Optimisation of poly-beta-hydroxy alkanoate analysis
using gas chromatography for enhanced biological
[l
Chromatography A, 2005, 1070(1/2): 131-136.
SOKER  BEAEAN WA, 45 . A A0 N Bk UR ) EBPR
KT RHOR R W 10 & R (], R KA
A RFIERD) , 2013, 43(1): 136-141.

PENG Yongzhen, XUE Guisong, MIAO Zhijia, et al.

phosphorus  removal  systems Journal  of

Long term effect of glucose as sole carbon source on
EBPR and PAOs enrichment [J]. Journal of Southeast
University (Natural Science Edition) , 2013, 43 (1) :
136-141(in Chinese).

4okl , AR de , kT, 45 . i B &% EBPR R 48R B
G VER ) 3 Jy 2 (D], SRRk HOR, 2022, 45
(10): 137-143.
NIU Yongjian, LI Weiwei, ZHANG Xin, et al.
Inhibitory kinetics of free ammonia on the activity of
polyphosphate accumulating organisms in EBPR process
[J]. Environmental Science & Technology, 2022, 45
(10):137-143(in Chinese ).

L 2200 R0, A5 L I S U A I R Ak

[16]

[17]

[18]

[19]

[20]

TR AR RELS A AR [T]. IR AL, 2022, 41
(8): 2742-2751.

DONG Kun, LI Yiran, LI Xiaoqiang, et al. Effect of
free ammonia on microbial community structure in
process [J].  Environmental
Chemistry, 2022, 41(8): 2742-2751(in Chinese).

i Ak, BRI BH R R L 4 . AY/O T0°Z Microthrix
parvicella B HRE 5 VEWUAE Y REE FRAELT]. JERt T
AR, 2023, 49(8) : 906-915.

GAO Chundi, CHENG Liyang, HAN Yinglu, et al.

Microbial community characteristics of limited sludge

biological nitrification

bulking caused by Microthrix parvicella in A*/O process
[J]. Journal of Beijing University of Technology, 2023,
49(8): 906-915(in Chinese).

SUNT, DU R, DAN Q, et al. Rapidly achieving partial
nitrification of municipal wastewater in enhanced
biological phosphorus removal (EBPR) reactor: effect of
heterotrophs  proliferation and microbial interactions
[J]. Bioresource Technology, 2021, 340: 125712.
LANHAM A B, OEHMEN A, SAUNDERS A M, et al.
Metabolic versatility in full-scale wastewater treatment
plants performing enhanced biological phosphorus
removal [J]. Water Research, 2013, 47 (19) : 7032-
7041.

MA Y, JIANG W, NIE Z,

mechanisms

et al. Study on the

of enhanced biological nitrogen and
phosphorus removal by denitrifying phosphorus removal
in a micro-pressure swirl reactor [J]. Bioresource
Technology, 2022, 364: 128093.

STRITTMATTER A W, LIESEGANG H,RABUS R, et al.
Genome sequence of Desulfobacterium autotrophicum
HRM2, a marine sulfate reducer oxidizing organic
carbon completely to carbon dioxide [J]. Environmental

Microbiology, 2009, 11(5): 1038-1055.

YEEZ @A kP (1999 ), B H R R, #5LAF
FAE, FENF TG E BRI .
E-mail:1696460457@qq.com

5 HHA :2024-06-01

&2 B #5:2024-06-20

(i - 25180 )



