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Factors affecting nitrogen removal from aquaculture wastewater
by Rhodobacter azotoformans YLK20

ZHONG Wei-Hua ZHU Bi-Tong ZHAO Chun-Gui. ZHANG Xiao-Bo

XU Hui-Fang YANG Su-Ping"

Department of Bioengineering and Biotechnology, Huaqgiao University, Xiamen, Fujian 361021, China

Abstract: [Background] Anoxygenic phototrophic bacteria (APB) have been widely investigated and
applied in the bioremediation of nitrogen-polluted aquaculture. Various organic compounds are
predominated in the contaminated aquaculture water, among them, organic nitrides significantly hamper
the nitrogen removal efficiency. [Objective] In order to investigate the effects of organic compounds and
salinity on inorganic nitrogen removal (ammonia, nitrate and nitrite) and elucidate the mechanism of
inorganic nitrogen removal by Rhodobacter azotoformans YLK20, moreover, further to develop
well-adapted microbial agents with high nitrogen removal efficiency. [Methods] RAST and KEGG
analyses were used to elucidate carbon and nitrogen metabolic pathways and salt-tolerant mechanism(s) of
YLK20. The removals of ammonia, nitrate and nitrite were measured by sodium hypobromite oxidation,
UV spectrophotometry and N-(1-naphtyl)-ethylenediamine dihydrochloride spectrophoto-metric method,
respectively. [Results] Genomic analysis revealed that YLK20 possesses EMP, HMP, TCA, nitrogen
fixation, ammonium assimilation and ammonification and denitrification pathways. It contains several
salt-tolerant genes such as sohB, nhaC, betB and gbsA. Pyruvate, acetate, citrate, ethanol and mannitol
stimulated the cell growth and the nitrogen removal of YLK20, while glucose and fructose decreased the
nitrogen removal level. Nitrate and nitrite were removed efficiently in the presence of sucrose while it is
difficult to remove ammonia. In the presence of high concentration of peptone (3.21 g/L) and urea
(1.43 g/L), inorganic nitrogen concentrations were significantly decreased. YLK20 was able to tolerate to
at least 3% of NaCl, efficiently remove the inorganic nitrogen under low salinity conditions while nitrite
removal was significantly inhibited in the presence of the high salinity. The inorganic nitrogen both from
freshwater and marine rearing water could be efficiently removed by YLK20. [Conclusion] YLK20 could
efficiently remove the inorganic nitrogen by ammonium assimilation and denitrification pathways,
especially in the presence of high concentration of organics nitrogen. YLK20 was tolerant of high salinity,
which is suitable for both freshwater aquaculture and marine aquaculture. YLK20 as a specific
microecological modulator, was capable of removing efficiently nitrogen, showing the great potentials in
the application in aquaculture remediation.

Keywords: Anoxygenic phototrophic bacteria, Rhodobacter azotoformans, Nitrogen removal
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FEME K SRR K RIS AR KIFBR AL, A RriE—2
ZAlE,

EEXF HHT APB BRAMTFE AN I P AELE R[],
ASCVL Rb. azotoformans YLK20 HEAE MIFFEXT 42,
TE e Wk 2 THL = A R R ALE HAF OB
IREEA pH) T, REGUHIAITE T 8 R HLEK (A HLEREL |
PERFIMEZR) . 2 FiA HLA(PR 3R AR ) FIER B2

palustris sphaeroides

X AR A M R BRTCHL = SRR, FEIRK N
KL PRIRFE AR P 4 TR IR ERCR , I
MEER K ERI 0 T iR 32 i At
RACH AT AR REE, HE XL T APB A A
TG LB 500 ) G BN PR
1 ARSI
1.1 =K

[ LT 4N 1 (Rhodobacter azotoformans) YLK20
AR = s MEE, WHKRIRES N
CGMCC7.312 , %t [H 41 GenBank *f 5% 5 4
GCA_002844445.1, i FifgsE3 AW 25RHEA IR
/5] 2R FH Tlumina HiSeq = 38 &30 5 5 200 %€
1.2 EFEZKEHS IR

WL Velvet 1.2.1 SR I AR EHE 11 73k
[RIZH P A2, N B R 2 A5 2 i S R 4P 4 52
% NCBI B b A% 3k 4 78 B 5086 2 PGAP

(Prokaryotic genome annotation pipeline, https://www.
ncbi.nlm.nih.gov/genome/annotation_prok/release not

es A T1ER: . LA Rhodobacter J& 44 h gk, it
NCBI %18 Rhodobacter R:RAHEHE, TR E

RAST (Rapid annotation using  subsystem
technology, http://rast.nmpdr.org/) & FE 1 7 3L R 40

FIERY, lid Glimmer FVATEA T TR A SE N 41
FOT, LATHBR DR SRR 5 A ] i A B4 i 22
¥ RAST HiER M4 R4 & KEGG (Kyoto
encyclopedia of genes and genomes)%(H&/% H A9
AT NCBI 8 91 20 25 5t e R T B
P HNHATIZXS AN ST, A T A R R R
BRI TT SERE A O DORE, K N gt ) 2 1 P 21358
% CDD (Conserved domain database), 55 iFIIRE
MRS LT, — 2t 1% N e,
1.3 EERAFANEE

bR Ry FIRAE 1R, Oxford 24wl EAHIR
B AR | HERER, 2GR A R A F
SO WO, EAESA IR 225
KB LY, Oakton 23],

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RS BRLLAME (Rhodobacter azotoformans) YLK20 ZBR TCHLE 2 PSS 2149

1.4 BEFENEMERHE
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B(2.46 g/L)MTCHL = BRIAFER R T, B[R
FERIREE A EUR 2, STIR(CK) ARG IAPLA

ERFEXF IO A RBRIE N . 7E5A LTREN
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sequence), JH:HA 995 1~ KTF 1 kb, iHid RAST 1Y
Subsystems F Z 4t /M Al FIGfams 25 554 22 b X6t
SERE R FRE A2, SRy . 40
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WIHThRE M b . Qni&l 1 i, YLK20 FEE 2
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acids and derivatives), #7/K{L&%)(Carbohydrates),
4 B A F (Cofactors) . 4 4= & (Vitamins) .l
(Prosthetic groups) il {f 2 (Pigments), J§ iz (Fatty
acids). E(Lipids)f157 % — M2 (Isoprenoids), MW
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Subsystem coverage

Subsystem distribution

1 Rb. azotoformans YLK20 THEEE R 9 2

Subsystem feature counts

B Cofactors, vitamins, prosthetic groups, pigments (276)

B Cell wall and capsule (123)

B Virulence, disease and defense (63)

m Potassium metabolism (20)

m Photosynthesis (0
Miscellaneous (47)

M Phages, prophages, transzfosable elements, plasmids (59)

B Membrane transport (17

M [ron acquisition and metabolism (18)
RNA metabolism (135

B Nucleosides and nucleotides (115)

1 Protein metabolism (235)

M Cell division and cellcycle (29)
Motility and chemtaxis (102)

M Regulation and cell signaling (49)
Secondary metabolism (4)
DNA metabolism (103)

M Fatty acids, lipids and isoprenoids (138)

M Nitrogen metabolism (79)

B Dormancy and sporulation (4)

M Respiration (20013

m Stress response (128)
Metabolism of aromatic compounds (25)
Amino acids and derivatives (442)
Sulfur metabolism ﬂ48)
Phosphorus metabolism (40)
Carbohydrates (437)

Figure 1 The profile of functional proteins in Rb. azotoformans YLK20
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EMP (Embden meyerhof parnas)i&fs . HMP (Hexose
monophosphate pathway)i&{2F1 TCA (Tricarboxylic
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(nhaAYTESHEE R F R WPy 3, R KRB
YKl ) MATE J% MDR AMIEZE R4/ H 22 W 1)
RAn iR glyP I . AR YLK20 S ghifg KR
i A LA, AFLHAT 5 (4 B AH DG SE A
H DEAFEIIZ TR ) 6 LA R AP 21, F—25 0
FEHERFERE
2.2 BRI YLK20 £ KN =R LAY
Al

BRI BEAEAE 2RISR A BLRR, R T
PR LR A A MR IGE N T, BT 8 Fhviy
LA HURRT YLK20 [ AR50

AW EARA N pH S ZE SR anE 2A
2B fitR . S5REW . AL =BEI AR R, B
PUBREARURE], BRI K BRI KA W A e 2
o BME ISEE, SRR RPIINFAPLR(
FRfR . LFRAFTFEEIR)ER . BECH BRI £ 1) e b
A A R AR AR, b D R R AR 2 R A
YLK20 AR RAIFA LR, AP E(ODgo) T 55
1.776 1 1.551. FESRBECHIAIHEAIRA 14 2 h i 4
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Figure 2 Effects of organic carbons on biomass (A), pH (B), ammonia (C), nitrate (D) and nitrite (E)
e A TIERREN; A ZRRAN; Yoo HEEEE; K. LB V. FPBERREN; o REME o AWM w: OB e FLME WILASUMKEE

(C, mg/L): 2% 51.87; fH%&(: 353.66; WHHA: 155.34.

Note: A: Sodium pyruvate; /\: Acetate; ¥<: Mannitol; %: Ethanol; V': Sodium citrate; o: Sucrose; 0o: Glucose; m: Fructose; ®: Lactose.
Initial concentration (C, mg/L): Ammonia: 51.87; Nitrate: 353.66; Nitrite: 155.34.
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Tt . FECRAERZR T, ZA . SRR &
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TESBECRIA AR IR R T, IR AR A
RE SRR, L OB S BRBE ik, X2 AR
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Al
SEhrFRIEIR RS, TR . SR K
AR KR s fR R, S 2R
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TEFRE IR R P HE 7 d (K] 3A), FfEALBR
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Figure 3 Effects of tryptone (A) or urea (B) on biomass (1), ammonia (2), nitrate (3) and nitrite (4)

e WHATCHLRME(C, mg/L): KA. 52.32; HA: 354.28; WHHA: 156.26. WHEMAMFEIRE(C, g/L): m: 0; o: 0.71; A: 1.43;

O: 3.21; <@ 7.00; ¥r: 14.00.

Note: Initial concentration (C, mg/L): Ammonia: 52.32; Nitrate: 354.28; Nitrite: 156.26. Tryptone or urea (C, g/L): m: 0; 0: 0.71; A: 1.43; [

3.21; ©: 7.00; ¥: 14.00.

98%L I, mnHkE(1.43-14.00 g/L) F AR iR
BPRRBR, LB 2 Ao ] ) A2 2 Rl SR S T 2
Br, 3dBPEASABA AR, KBREE 98%LL I,
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YRR . " A A LB A MEIER, (B
IRLRE RAFHIAE R, AR (ODgso) T 1.0 (6 d)F
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VR EERT, PREXS TR | A A PR R
HWAEHEER, JRFWREE N 0.71 g/L B, (KR F4:4)
1 (ODgeo) e KAE AT 15 1.597 (4 d), X PRAHE
12.7%, RS EBRFRI R 99.6% (5 d)
1 84.6% (5 d), 75l ELXTHE R 17.8%F0 3.3%. HilL
A, BB AIRENREAR R AR, BAR
UFI 2R . AR L R PRAE ST, (IR IR
AR F R AT =S R B

24 EEX YLK20 & KFALH =SE LRI

R NIRRT KR 5, SHBORKER
b, K FEF R G rg KM, A TRk
Fegtll, WS A I KRB E e T .

H AT — L il Y505 K R ik A i 5 2 T K
TR FRKIRIE S, il —25 T X SR A e K
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Figure 4 Effect of salinity on cell growth and inorganic
nitrogen removal on the Sth days
e FHIRTCHLAMREE(C, mg/L): A
WAEA: 154.93.

Note: Initial concentration (C, mg/L): Ammonia: 51.15; Nitrate:
352.78; Nitrite: 154.93.

51.15; fig%&.: 352.78;
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ERRRRIEEERRAL, N 99.72% FFEF] 6.71%, 7Eih
JER 1.5%0F LR TR 20.65%. ML, 7&
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0-3.0%Eh FE M BT vp RAFAE K, AT RAF TR ER R

P, 7 3.0%:E0 B PRSE h 20 R A1 I 2 AU RN
RES1, WAHAEKBREE S Z B E IS
2.5 XEFRFEKER LN =R KRR

AL AL R PR TE V5 YK A, YLK20 Xt
FEFH KR TCHL = S R EBREE FNE 5 Fis . X iRk
Wb, lF R EMEMNER, KRN AR
BRI, BRI, SRR A R R AIG a3
TR AT W B P RARG, 0 il S BT kb Ty i
ZhELG . ML FXTRRAL, SCOG A1 K xR AR K 68
SRR A . AR A A BT
FBRRR, AAERATERIE S d JR AP ek
B, WASE S A B REAC, MR, kS
KR+ B RE AL R, REAS R AT Hh 2SR TCHL
ARG, UeE KK,
3 WRE4®

8 P AT F AR O LA B S R R il /S
FE) S E IR, 0] BEX R R PR A AR KR
M, FEFE KR AR L = S RS R E R A il
2532 BN TR T . Bk A vk i PR
P RS M A, BRI, BRI AAR R
AR R AN Gl A 00 B2 R R R4,
Rt —2b R IR BE T HAT R PP B IS I (4 B

H i 5% ) AL P ok R ORI A R 24
B, RN, ANREFLBR AR AR R ZE S

C

0.2r

0.1

C (mg/L)
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Figure 5 Effect of YLK20 on ammonia (A), nitrate (B) and nitrite (C) removal process in rearing water
TE: o, o: JLWEXTIELL; m, o: LKA o, w: XUNEKIFAKE; o, e BBMIRKIFHIKIL.

Note: 0, o: CK; m, e: Experimental; o, m: Shrimp mariculture; o, e: Eel freshwater aquaculture.
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W S BR AP A 2R CCHLE A TR SRR B2 A5z i P
KHMX., T — LW AIK RS, Pseudomonas
fluorescens L2 %} 329 mg/L il & 2 55% 4 100.0%,
ZEpad AR R R Rp. palustris R3
X 40 mg/L EAMERRZEN 80.0%"; Halomonas
titanicae X3 X 42.0 mg/L i & AN & AY = BRF 50
1k 96.5%F1 99.1%" s Rp. palustris wps BAKRE
(50 mg/L)EBREBEAMET 99%"™; M. gracile
YL28 X2 % (9.64 mmol/L). fi§%.(22.90 mmol/L)Fll
EABL(13.50 mmol/L)H)EFRFEIAET 99.0%";
Rp. palustris CQV97 X} 33.23 ., 76.65 1 108.25 mg/L
AR EREDHN 99.0% . 88.2%F1 84.1%, FHA
(45.37-215.40 mg/L)FIF A4 %((43.64—175.21 mg/L)
A LB AT 99.0% th T i A AL APB
1) R 2005 L A L LA B, — LU PR AR
RO AH B AR R b A R A & RE T, ande
TWL =BF ISR R A, M. gracile YL28 TEFRXT 2
A (260.05 mg/L) . A & (80.50 mg/L) Fl il &
(100.06 mg/L) % Br #4535 93.4% . 100.0% Fil
100.0%", Rp. palustris CQV97 %14 & (41.36 mg/L).
fiH%0(42.38 mg/L)FIEAS A (41.18 mg/L)ZBE3R 435
H 75.5%. 100.0%F1 100.0%", 58— Bk Z A
e, JoHl = E IR R T E R R AT TR A1
SRR R L BR R AR IR, AR B s
PERUER . SSCHERAEL, AT U A 3R R 2 R
FESCHRARGE VI FE DY, ZURIIEAS 2200 B 35 3] STtk A
ER R ACE, A YLK20 XF2 % . s ECFITE il
REA R ERR, HILRM, ZREREA ZBRETk
FETCHL =R G TT, BRAGS R A A 2 IR i
FE RIS 5 3CHk[6-7,15 1 R — 3,

A WU AE PIBR E A B . B, 52,
PR G AH L, A B T B (X Rp. palustris P4 F
Rhodobacter sp. S BRI R ZBREE ST, 437K
KT 60.4%F01 65.0% %) FEZRANFN Z WA R,
Rp. palustris CQV97 X & A FIAH A BB AT
70.0%F1 98.0% , M FE M A MR R A R LT %
R R ZERRAE N L = SR IR R T,

I O CFRENNT M. gracile YL28 ZBRAH A
FNEAH E S /N, (B B A6 T &m0 2
B, ZBRORIITE 60.0%1L B 530, B
W i 260 B R B R BE AN F T YLK 20 X ol —
SR ERR, /NrF AR MEAF] T I =&
R LB, A DR R 2R A0 A 3 i & RE

0
il

FRIKA, THIE TR K R R KA
MRS, WAERNGER, Rk AR AR
A EYTR EEOREDS, kM, AR
e E R ZWE VI A R ZBRER], KR EEA
(HARFRAR, 2B AE G W Bacillus
megaterium X2 TE5A HE AR A A2
Z, BRI 111.57%Y; 8076 0.12 g/L HAMK
BRFEKIET, Rp. palustris CQV9T TEXT R A M2
Bridfeep, KA SRR mAED; N 0.24 g/L
PRZERS M. gracile YL28 XF /KRR LPREIMARE
RIS, TN 0.14 g/L 2 U S 3 AUfe %
Pruf B g e AR R, AR R LBk, (HA
RPN H T 2 50% M ABFFT 8 R & IR
YLK20 B MRTE i v BE A AL IABE Rl s A s B
PL=E, HEABMRR D5 mL 3.21 g/L #
1.43 g/L B, YLK20 X7KAKRTCHL =AM EBRIA
Z R R EAPLAME S YLK20 BikRTC
ML= EW R E TR . | T Il =S E AR
RR PR AR, WINA PRI E R AR A KRN
R, e AR A YA LR
PR A3 2o AR TR TR 20K T 2 Rl A AR
W a, AR AR B BRARREAR, (HASSE A AT
B AR AU KBR . AE M s E TR 2 8ok
R AT r) 2, T HAmma o) g AR
b, BHVAAY) R G HETHGE X HE APB
PR, SEMARREE AT i NS AL, AR PEAL

SCHRBIFTE R BT, APB HP 28 A AR B AN R S
SO A A ZE R AR 4 KA
iS5 ARA AR, RS R 2
4 IEEEAEIL SE AL, B R ZEEMRIT R R A
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X 4 ARG GRS LR, PRI ASRE 58 BTCH LA
TNy, FFLASEN,0 B NO & s SATH A,
AL AR Rp. palustris HaA2)GRI% F A Ak Y S
il B DRI AT 2 2 1 X il R0 IF il 4R B 2 A
Fo YLK20 SE[RI 2 [FBT HATIX 4 SRR RHhA R gL
, A AL R 4 gL, EUA
WAHE RIS AL Ny BTERE, kb i %= <Am
R, BRTEEERS, Tl =SR2 5
WS RRAHE 3 ZAEHEEMY A, HiEEL
il AR A R AR BRI, A EURDIE Al
ROT L SRR BRI . KR EMP &
& . HMP &2 TCA IR AL, 5HAH
INYTFAENIR . BRI R B &, AR
HHUERIFTEE IR, Gendel 05730, R
TR R IR IR S AL AE T Sl P, AFgE
RIT YLK20 fETE 0-3%EREE B vh RBP4 K, 7
RAKFNE AR R TP AT SR RVER, S5HIEEH
NI F & DI ERFBE FJETT H SR A 6. (1
R XA A A bR B AT EMRIEA, X5
HR[26] B 25 I AW & o

25 Lk, YLK20 & — kR ma LB IOl =A%
MRRE, HE RS R TE IR E A LA A
W s RBRTOHL =%, AMEE TR KIRE
AR, WIE T K IRFK IR . A5 APB %
AR A BN R ML T S
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