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Abstract: Excessive nitrogen input caused by eutrophication in nearshore waters is a major
environmental stressor driving the global degradation of seagrass beds. [Objective] To screen and
identify efficient aerobic denitrifying bacteria from seagrass bed ecosystems and elucidate their
nitrogen removal performance and mechanisms, thus providing microbial resources for alleviating
nitrogen loading and restoring eutrophic seagrass beds. [Methods] Aerobic denitrifying bacteria
were isolated and screened from seagrass rhizosphere sediments in Zhifu Bay, Yantai by
enrichment-domestication culture and bromothymol blue assay. The taxonomic status of the strains
was determined by 16S rRNA gene sequencing. On the basis of nitrogen removal performance, an
efficient aerobic denitrifying strain was selected. Single-factor and orthogonal experiments were
conducted to optimize its denitrification conditions, and nitrogen balance experiments and whole-
genome sequencing were employed to elucidate its nitrogen removal pathways and key functional
genes. [Results] A total of 34 denitrifying strains were isolated from seagrass rhizosphere
sediments in Zhifu Bay, Yantai. The dominant genera were Pseudomonas and Acinetobacter. A
strain designated as Pseudomonas sp. S22 with high denitrification performance was selected. The
denitrification conditions of this strain were optimized as follows: sodium succinate as the carbon
source, C/N=15, pH 9.0, salinity (S)=30%o, and 7=28 °C. Under these conditions, the strain
achieved a removal rate of 99.99% for 140 mg/L nitrate nitrogen within 36 h, demonstrating
excellent nitrogen removal efficiency. Nitrogen balance analysis revealed that approximately
59.64% of the initial nitrate nitrogen was converted to gaseous nitrogen, confirming that
denitrification was the dominant nitrogen removal pathway. Genomic sequencing revealed that
strain S22 carried key functional genes for aerobic denitrification, including napA and nirsS,
providing a genetic basis for its denitrification phenotype at the molecular level. [Conclusion] This
study systematically isolated and identified aerobic denitrifying bacteria from seagrass beds in
northern China. Strain S22 exhibits outstanding nitrogen removal performance and environmental
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adaptability. Nitrogen balance and genomic analyses confirm that denitrification is its primary
nitrogen removal pathway and the strain carries key functional genes for aerobic denitrification.
Strain S22 can serve as a potential microbial resource for reducing nitrogen loading in seagrass
beds. This study provides both a valuable strain and a theoretical basis for the future development

of microbe-seagrass synergistic remediation technologies.

Keywords: aerobic denitrification;
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(37°36'N, 121°21'E). B S ARBRUTF) %6 A K
FE4S, BT 4°CIRAFE, T 24 h NI RIG4E
1.2 tEFxE

2216E }i 72 5E(g/L): Pk 5.000 0, [ hk
285 1.000 0, C¢HsFeO; 0.100 0, NaCl 19.450 0,
MgCl, 5.980 0, Na,SO, 3.240 0, CaCl, 1.800 0,
KC10.550 0, K»,CO; 0.160 0, KBr 0.080 0, SrCl,
0.034 0, H3BO; 0.022 0, Na,SiO; 0.004 0, NaF
0.002 4, NH4NO; 0.001 6, Na,HPO, 0.008 0.

RS AWML B 5 £ (g/L): CH3;COONa 1.30,
NaCl 30.00, KH,PO, 0.09, MgSO,-7H,0 0.20,
KNO; 0.72, THEICRIEMR 2 mL,

TR A B # (bromothymol blue, BTB) [ A 1
Fi K (g/L): KNO; 1.00, KH,PO4 0.75, K,HPO,
0.75, FeClL-6H,0 0.15, CaCl-7H,O 0.02,
MgSO,-7TH,0 0.20, Fr& L &1 3.60, 1 mL 1%
BTB Z EE¥# (0.10 g BTB & T 10 mL JG/K &
), Bt 15.00,

SRR IR 3 (g/L): ANAKE T RN 7.75,
KNO; 1.00, NaCl 30.00, KH,PO, 0.09, K,HPO,
0.09, MgSO,4-7H,0 0.20, i CEE 2 mL,

TR IC R AW (2/L): NaEDTA -2H,0 29.00,
MnSO4-H,0 3.26, CoCly*6H,0 1.80, ZnSO47H,0
1.00, NiSO4+6H,0 0.11, CuSO4-5H,0 0.10,
Na,MoO,+2H,0 0.10, NaSOs 0.05,

Jir A 85 SR 4L pH W Bl 7.0, 4 121 °C |
20 min ZE VKR 5 H
1.3 BT ESIFE

s g LRI i T K K TR IR 5 TR S
30 min, % 5% # A 2216E 15353, 30 °C .
140 r/min BRI FE 48 h, Z 5L 2% 21
FEEEFRILRESF 48 h, 555 37 I AR AR V8 b ) 7
W 2 I fb B 3R 3, EE R 3 D
Lo K YIRS 0 R R R, B 1071078
B BER B 100 pl ¥ A TR B I i AR s 57
B, 30 °CIEIRIEFE 48 h, Phik HAT W (0 5= B 1Y
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(25 pL): 2xTag Master Mix 12.5 uL, DNA Hi i
2uL, b, FHESI#(0 pmol/L)4% 1 puL, ddH,O
#h % 25 pL. PCR /2 I 454 . 95 °C il A%
3min; 95 °CAEME 30s, 54 °CiE-k 30s, 72 °CHE
fifr 90 s, 232 APEI; 72 CCALEff 10 min,
PCR = ¥I48 1% B N5 W B e i VKR I ) 3% 28 7
55 2% T 7y 0 A7 28 W HEAT I Y o R I A B
J& 19 16S tRNA 3 [ 7 31| I+ 1% 3| EzBioCloud
(www. ezbiocloud. net/identify) £ 4§ J& #E 17 HL X,
i HADE . 1] MEGA 11 8 8 vk £
GRBEW, I ¥ 1% 2 GenBank (https:/
www.ncbi.nlm.nih.gov/genbank/) 548 4
1.5 ERFENF

B oAb 5 10 TR MR D = 2216 IR RE 37 3%

Hi, 30 °C. 140 r/min 5537 2 X503 (ODgsoo 29N
0.8)c B 15 mL FrEFE ik, 4°C. 8 000 r/min &5
L Smin, 5L, TREKRKIIREAER, 2
3. FEEE BT ARBURRHE B A R 7
PEA TN B RE PR AL
1.6 BEFkEKHZAINE

W2l FE R R B AP & 2216E WK FE L
30 °C., 140 r/min FEATHEZER 3%, HH]FE 2 h B
TR ASTRNEEN E L ODgoo (. W& 3 41473250
HOEIME, I Origin B02F DL 7 5 [a] oA £ A
Fr, LI ODegoo TH AL FRZ i BRR ) A K 2k
1.7 BRI MEZRHAR
1.7.1 BEZRIEKRE RIS

AT B 07 3 4 125 745 1) A9 T ke R B — ik L
FEAF AR IR S22, WFHEE T A 1k fiE
5. SRR R LIRS . BRA L .
U pH. MR . ERE DL RS R Ui vk B v o S5 A
RN A K AR AR, X BRI B R A
BT A . T SRR U S AR TR B (R AR A TR
R EE R 140 mg/L, BUEN T —FREH, C/N=10,
pH 7.0, k& (salinity, S)=30%0, 7=30 °C]H 3%
fif o MR HE—H R, k2% H & KF,
HAR R S5 IR R R — B IR G 57
SR RIEFN IS R CEREN . ArRERREN . R . A
AiBE. T ER@N, C/N A5, 8, 10, 15, 20,
Wtk pH } 5.0, 6.0, 7.0, 8.0, 9.0, HFFiRF
910, 20, 25, 30. 40 °C, EHFEEH 0. 10%0.
20%0. 30%o. 40%0, FIUAHHEA ML N 50, 140,
200, 300, 500 mg/L KAhF X E0AE K 0 ik
Fi2 1% (3PS m 2 A s 58T, BRiE
SLEGAN, HAYHIAE 30 °C . 140 /min JEFT IS,
F%, B0 12 h BUEIE ODgoo, FLA 5 000 t/min
B0 10 min B EJE W E NOy™-N e B, i E
3NER,
1.7.2  EXRREMAERR AR X

HFRERLIEE R, wHENPR AR
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C/N. ¥I4f pH FIIG IR, £ K ZE 30K &
3AKFEEE D), &I Lo3HIEASIE . C/N i
o PRI CT R S S, wias pH
1 mol/L HCI 5% NaOH ¥VORS# M 15, 53R
B A3 1 AN AR (B IR T R 4R, S=30%o) -
PG L B BR S22 Fh I LA 1% R A%
HEFRIL, F 140 v/min £ R P AE B EIRIE T
Hi 3% 48 ho LA NO3™-N KERZE R or-Hrikdis, e
bR S22 e A S5 o AR 43 b 45 R A5
M IS R G RCH SR &L, T 140 r/min }5 5%
36 h, HEKE 6 h BRI AE B ODgoo, 5 000 r/min
250 10 min BCE BN E NOs™-N Fl NO,™-N ¥
FE, #EATISL SR, AT AR S22 AURRME I
WA A ERE
1.8 BEHHRFEESHh

Z: BRSCHR[35-36] 4 7 15 1 5 LA iR 5 Ay e
— RV BP0 A8 SR A3 IR A A A
Bl b, R DL 1% B R A SRS
30 °C., 140 r/min #EZEE 3% 36 h, /5 T E &
70 h) 5 SRR (36 WU, 5 —&Ro
210 000 r/min & 0> 5 min B i, &at
0.22 pm P8 AT 8 5 FH 00 B 0 56 P T A
Z(dissolved total nitrogen, DTN)# & L K filf 2% %
(NO5™-N)., WA A (NO, -N)HIZ A (NH, -N) ik
JE o I3 — 0 A b A TR S U A R R ML A T
R (P A 300 W, AR 6 s/ B 4 s,
15 min), MEFEIE YRR Lt 0.45 pm 8 AR L 8
Jei T 5 S A (total nitrogen, TN)HK B . &A1
AR,

1 EXRBEERKFR

Table 1 Level table of orthogonal experimental
factors
Level Factors
A (C/N) B (pH) C (T/°C)
1 9 7.0 28
2 12 8.0 30
3 15 9.0 32
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LN A A =TN-DTN
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., 3873 A& 2 EzBioCloud U#E 2 UE17 L
Xt SRR 34 BRIE 050 IE & T 5L G R
(Moraxellaceae). BHMIEFH Pseudomonadaceae)
N E H M 56 B (Comamonadaceae), X W AN 5
FFHJE(Acinetobacter). & (Pseudomonas)
1N E B 56 J& (Comamonas), L% H 14 4
AP Fp, BTB [EARRS 35 3 2 P 5206 245 5
7N, 34 PRI BIA RN — i A, W)
AR HE S AR 7, AR R v
S B R/IN B T 6 AR S Al A RE 77 88 1Y) R R o
e B LA 6 BRTR I RS AR BE T, B HAE RN 2=
FAHA LRGSR, 5557 48 h J5 Il 2 NO;™-N
JEo WiE 1 FR, ELLRTSR 48 h Rtk S22 X
NO;™-N [ LR %A 78.38%, T o54h 5 HRi,
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Figure 1 Screening of bacterial strains for

denitrification capacity.
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FEIRE S22 7 2216E [E &K 7723k [ K557 48 h
JEIE BB B TE S UK 2A iR, RS2 —
FLEAM . AEW; HiEEAZ 1.0-1.5 mm, £
B 6 R, s SRR, K
MR E . R 2B fraR, BBE S22 KIE R

A ’ B

E2 BEHRS2HEERSMEFBRERR

24-2.6 um, FEEHR 0.9-1.1 um, KHILA R
2.5:1; ZEWMAFFRERIES, HFRmEANE
i

Btk S22 KL [H2H DNA £ PCR ¥ #4310 /5
JA 3B A 1 406 bp 4 16S rRNA F:[H 551,
Jf [4% % GenBank i/, 558 PV164359,
W bR S22 ALK ¥ 51 5 EzBioCloud %4 J#
W CA AR AT R R E X, S5 R B
PR S22 5 FE & N A% ) i B L TR (Pseudomonas
kurunegalensis) RW1P2" FIAHUME N 99.93%, 5
SR R B0 T (Pseudomonas alloputida) Kh7"
MIARIPER 99.72%. fiiFH MEGA 11 #{4FRy<hE
(neighbor-joining, N)WEAHER G A BTM(E 3), %
wWkIHE TR E, S P kurunegalensis
RWI1P2" F1 P. alloputida Kh7" B 3£ 5 R,
2.3 Efk S22 £ K4FM

B RR S22 7E 2216B WARR; F= 3L i A= K 3
JIFWFFELE T LA 4, oAz Kl 28 58 9 o) i
4 DY BCEEAE . BERE S22 7F 0-2 h 4b T REHE I,
DU PR AR A FARIEHE RCRAS, 76 2 h B ODgoo 4t
FR7E 0.1, A K#EEZE; 2 h i AXEUEK
W, YR EREBUEK, H9RE 20 h B ODg

Figure 2 Colony morphology of strain S22 and TEM image. A: Colony morphology of strain S22; B: Cell

morphology of strain S22.
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Pseudomonas sediminis P111T (NIQU01000015)

78! Pseudomonas indoloxydans IPL-1T (DQ916277)

99
95

100

Pseudomonas composti CCUG 592317 (FOWP01000025)

Pseudomonas yangonensis MY 50T (MK907288)
Pseudomonas khazarica TBZ2" (KX712072)

Pseudomonas sihuiensis WM-2T (KC311562 )

Pseudomonas mendocina NBRC 14162T (BBQC01000018)
Pseudomonas hydrolytica DSWYO01T (MK248116 )
Pseudomonas songnenensis NEAU-ST5-5T (RFFN01000014)
Pseudomonas oryzicola RDISR1T (JABWRZ010000026)
Pseudomonas plecoglossicida NBRC 1031627 (BBIV01000080)

Pseudomonas alloputida Kh7" (LT718459)

Pseudomonas kurunegalensis RW1P2T (AM911650)

Strain S22 (PV164359)

0.02

&3

Altererythrobacter epoxidivorans CGMCC1.7731T (CP012669)

BE#£S22E T 16S rRNAZEFE FF|EIEMHEN R ZEL B

Figure 3 Phylogenetic tree of strain S22 based on 16S rRNA gene sequence homology. Numbers in parentheses

represent the sequences accession number in GenBank; Numbers at the nodes indicate the bootstrap values; The

length of branch represents the evolutionary distance and the coefficient is 0.02.
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Figure 4 Growth curve of strain S22.

IRFIE(E(2.0); 20 h R AR R AR SE, BEATGEN],
ODgoo P BB HIHL /)N 24 h JE R MEEA =T,
B FRHEIS, ODegoo BT TR, iR 2 48 h i}
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S22 FEAE KRN A W R )y TR B — 2
P Ban, fy I b R L TR (Pseudomonas
nitroreducens) PHB18Y1E 2 fitj fk 85 4% 55 {4 F 4E
HKIR 6 h, 21 h 53] ODgoo WEE N 0.7, FIK
FHitk S22,
24 BEZRIWGHER
241 WRBEXE S22 £ KMEREEHND
=AU

B VE M A W KA L R &, IR AE i
AR R TP VR S B A AN TR) 2SR i R
(2R S5 RN ], B ok R B A A
225E PR SR Ak 4 0 A KR U RE -
ARG, RS 6] B U5 85 77 48 h i 1) 7 B
S22 WA KRG LA NOs™-N LB WE 5 iR,
MR RGN . A AT RN R IR A
PFE S22 7F 48 h NO;-N EBRR¥E S, /lik
3] 71.95%. 76.66%. 76.83%, H 1 LIT R
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SR DR RO B A . 2 BRANAE Ry iE— Bk TR
PRIPE S22 7ET1T 24 h BYA G DL A SR 3022
A BB T A AR R M ORI S B IR, S
IR A FHRCRAS ;. (RAE 48 h B AR K Pkt -
Tt, NO;™-N EBRFEF] 61.95%. LA Ak I
B, BERE S22 M AE KA &S I fe 22, 24 h Al
48 h 1Y NO3™-N KR4 R 14.96% . 3.66%,
X ] 8 5 R IAAE TR 25 A T A 2 ] A
RS TR G, RWITER S22 X HEwE i F
FARCR BB R T HA 4 M. L, 8T
TIRENVE I EREIRE S22 A BE IR
2.42 WREEEXTERK S22 £ KRR F AL SIHY
A

AN TR B L EE X B bR S22 ik A K R R
M B E R, 78 C/N K 5-20 BTG N BFSE R
MR A K ML RRE S, Q& 6 frn, B bk S22
) A i AN RURE Bl C/N BB i 4 . {16
C/N (5)i}, 48 h NO;-N ZERUH 43.01%, 1M

= C/N (15, 20) B 2 Bk 2 53 1] 3k 5] 97.45% .
98.87%, X JE P AR C/N S ERIEA 2
ML HEASZ IR, Bk A 2Z B, MEARE T TR
fE C/N N 15, 20 WU Z5F T, Btk S22 7E 48 h
WHFEEA K IF IR R T, ODeoo 15 AR
I E]ZE 4G 5 48 h NO;™-N KR F £ 100%.
AP A S KBRS IS LT, %8
WA, FIEEH] C/N N 15 V5 E R S22 Y
R L
2.4.3 #4E pH XEFK S22 £ KA T AR
20

WIh pH Al BTG E, I m A
PRAEE, AT B R AE KRR T . ani&l 7 pr
/N, TEANIE pH Z50F T, WPk S22 X NOs™-N f#y
EBRFE THEH, IFFE 36 h G RLBRR T %,
IZWHRTE pH 6.0-9.0 JE I HAT RAFH A K A
RARETT, 78 pH M 8.0 B ilfbiE J1dcsr, 12h
F148 h ) NO;-N EBRZE3I1h 48.4% . 78.99%.
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Figure 5 Effects of carbon sources on the growth performance and nitrogen removal efficiency of strain S22.

http://journals.im.ac.cn/actamicrocn



3496 LIU Chen et al. | Acta Microbiologica Sinica, 2026, 66(7)

100.0 = 712 h 24 h [ 36 h I 48 h 3.0

| —@—5 W3 —A—10 €15 —¥-20

2.5
80.0 -

2.0
60.0

40.0

NO;™-N removal rate/%

1.0

20.0
0.5

0.0 0.0

&6 BrEELITERES224E 11 BEFN R TR AIS2 M)

Figure 6 Effects of C/N ratio on the growth performance and nitrogen removal efficiency of strain S22.
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Figure 7 Effects of pH on the growth performance and nitrogen removal efficiency of strain S22.
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pH i 5.0 BFTAIRR S22 FiIAE K E Ak, AERCR
2%, {H 48 hNO;-N EBRFIAF] 75.94%, X[
B2 FH T R RR M PRSI0 1 40 R 0 AR A
3, FECA RS I AR,
244 EBEXEH S22 EKMBEREEHND
A

T8 2 VR 92 20 A ARG B R 8l ) 2 )
TR T, AGE A K E R, B4
M) 2 A A i P 1 M RN AR M. il 8 PR, T
PR S22 7 20-30 °CH i A ERE AL ST, 48 h 1Y
NO;™-N £ Br & 4 5l K 77.17%. 78.07%.
77.98%. 4IRFE N 25-30 °CHf, 24 h JEERR
BRI IAE] 70%, i 40 °CHF R #E S22 JLPAE
K, 48h NS A LREZIET 0; 7EMLUE
10 CHRM TRk AK 18, 24 h A1 48 h Y
NO;™-N EFRZATH 6.02% Fl 20.94%, FEIEH
R e AR 2 10 o SR AR BTG, AR R
B, DTS2 A KA ARE D)
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245 TEXEH S22 EKMBEREEND
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W18 BE A HIJHEE A 0, 10%0. 20%0. 30%o .
40%0, BWFFTHRE S22 TEARIRIEREE 54 T A K
DR RRE ST, S5 ULE 9. 7 30%0 hE T, B
Bk S22 il & RE J1Hci®, 48 h i NO;™-N ZRFE K
78.96%. FhIEILFE K 0-20%0 I, FEHRIER:F:4)
R —E AR SR ER , BiEE S
PN, 2ol 3 W AT e IS 2 E 1 fe 2 R
K-, 48 h i) NO;™-N 2= B K435l o~ 72.25% .
74.52%. 76.94%, BEALT 30%0 ERAEAH . 7E 40%0
EREFAMET, BEARTE 24 h PRI TR B LAY
R E SIASER , 12 h F124 h A9 NO;-N &£
BRAU N 2.28% ., 20.40%, FHEEh IR HA)
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Figure 8 Effects of temperature on the growth performance and nitrogen removal efficiency of strain S22.
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Figure 9 Effects of salinity on the growth performance and nitrogen removal efficiency of strain S22.

2.4.6 VIIRTHRUKE STERK S22 KRR
Al

AR i Ak B R 3 i B T (50, 140,
200, 300, 500 mg/L), 5% HI4A AN A BT ik
JEE T R AR AR RN SR AL RE T IR 2 (1] 10) BB
X H A U 25 R BE ) B A 20 B 1 o BH g
ik 7F 50 mg/L (440 Ui A 245 U0 vk i T B 9%
12 h, FEkR S22 XA M 2 BRRENIAE] 100%,
S A B N 50 mg/L #2745 300 mg/L A, Fifi
B SR BE TR e i R B S G i, TR RE S22
Pt KA K bl 4 v, H B &URE ) B
A% WILATEEHE N 140 mg/L A1 200 mg/L i},
24 h ) NO5™-N EBRFE 5 5HR 75.59% . 55.84%,
48 h [ NO;™-N ZiBR#F 53518 77.99% . 65.41%.
AT A 53 300 mg/L F1 500 mg/L B,
TR PR HRE M, 48 h (1) NO;™-N 5% 55
1 36.82% . 18.35%. HIULRI UL, BEEE S22 HEH
TEARR SRR T AR, BAERENHEA

P4 actamicro@im.ac.cn, 7 010-64807516

2.5 IEXRWERSHHT

FRAL R S22 MR APERE, R Lo(3Y)IE
X C/N, WIlh pH FIEEFREE 3 > FZHEER
AT, LA NOy™-N LBRR R/ HrkdE, 1E58
RIEEE R ILE 20 AFEZEKFET 48 h NOy-N
LR T 66.25%-99.64% Z [0, FOEFE5
PEXF R R CR S . BT iR, CNRY
WA RN 23.31, BEFRIRE N EERZ A
12.61, 45 PRI 28 0] il 245 280 2 B s i 1) 2 R o 5
b CIN>EEFR IR EESHI UG pHe X 1E A0 45 2 it
Fro7 253, C/N 555 97 1R X Fk S22
RS R R BRR A 50 (P<0.05), THHILH
pH B2 MK A i 3 7K (P>0.05), 452 52
() L WRF A C/N>EE IR E>pH, 5225017
45 —30 i I EIAE K () ] LAAS R o
A4 A 43B;Cy, B C/N 2 15, #14h pH
9.0, BEFRIREE R 28 °C,
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Figure 10 Effects of initial nitrate concentration on the growth performance and nitrogen removal efficiency of
strain S22.

%32 Eﬁlh\ IE)LI‘W.LE.M.%#E%

Table 2 The orthogonal experiment intuitive analysis table of nitrate nitrogen

Factors A (C/N) B (pH) C(T/°C) Nitrate nitrogen removal/%
Experiment 1 1 1 1 72.00
Experiment 2 1 2 2 72.36
Experiment 3 1 3 3 66.25
Experiment 4 2 1 2 87.10
Experiment 5 2 2 3 76.39
Experiment 6 2 3 1 90.97
Experiment 7 3 1 3 82.14
Experiment 8 3 2 1 99.64
Experiment 9 3 3 2 98.76
K 70.20 80.41 87.54

K, 84.82 82.80 86.07

K; 93.51 85.33 74.93

R 2331 4.92 12.61
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PIRS TR A — 2, 7 1E 3SR 0 i i 2%
PFFERITHEE S22 XHHASE M LRSI 11). 7E
WIUR A 2 BE ol 140 mg/L YRS OL T, B BE S22
2 6 hiRGEIAIE KB, BifiJe oE AR K P
WA K, 6-30 h Bk S22 YRR, il
BEMYE LR . 6-24 h BRRAE KRR,
B 1R 3 S0k B AV N [, NOy™-N KB RN
85.55%, HKBREFRILEFE] 6.03 mg/(L-h), HFEE
30 h I} ODgoo K FNIEAE 2.5, 30 h J5 1A% i 5
TR, AR, A NO;-N ZFR% R
98.74%, 7E 36 h If NO;™-N %[5 # 5 5] 99.99%
PILE. AR RS, WAREE AR,
FE 12 h A R R R B d5e =i o 27.74 mg/L,  Fifi
Je BT REAG, TTRE SR DXk B A U A R
BMRTE . SWUE, TECIRA AT R bR S22
XTEA R IR KR BRFI K 99.99%, & FIEx
TP g e K ARRR, UL R IE 2 g0 45
REAARES RN,

2.6 Btk S22 [FENR

DU RSP A fE— AR, #IhG NOs™-N ¥R JEH
141.83 mg/L, Wkk S22 TEUF A 5 F K597 36 h
S X RS i Rk A v ) R A A T b
LKW, BRE S22 4% 84.59 mg/L MW G NO5 -N #
TEASER, H59.64%; RPN R N
21.74 mg/L, Bkk S22 BEIRIIE LA 15.33%.
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Figure 11  Orthogonal test validation.
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Br R g Rt 5% B A NOy™-N R 27.78 mg/L,
NO,-N 1 NH,-N fF Z 558 0.34 mg/L I
2.13 mg/L; BRAR S22 B9 BB AR R 74.95%
PR R S22 3= L3 2ok S Al A AR 25 B K AR iy
NOs™-N, [IEHEAEYRIER, B b=
FHEEAR, I EARET .
2.7 EEFE S22 B IHAE B E KB g

PR S22 38 1o AR P A i o S R 4
51, Ffilid Nanopore M -1 5 1l /2 He 4= FE A
HIFH], 315 1 168.32 Mb A9 clean data ] T-2H
%o PPR S22 LR FEAKFE WL 3, FEHLK
/NSRS 874 473 bp, Lt R A PEHEAS F) 33 A4
scaffold (>500 bp), G+C % & N 62.65%. il
ZHEMR S 5355 MEASMMIER, 4iig LR
MK 5170 947 bp, WAL K E R
966 bp, A% 3E R A B 2 B B L
14 88.02%., Tl 3| rRNA KA 14 1>, 145
7 4~ 5S rRNA ZE[H | 4 4~ 16S rRNA JE[H | 3 4>
23S rRNA FE[H, tRNA K [A 69 4~, sRNA F&
19 4~ XA R — 21 (average nucleotide
identity, ANI) i) 45 2 W 7n , A PR S22 9 gt
H 5 5 P kurunegalensis RW1P2" 3 [X 2H
] ANI 5 96.39% , I B Ak S22 B 10 2 N
P. kurunegalensis S22,

PR R S22 I Y & P A HE AT D e T R
i, T KO FRL LM 2 KEGG 2% Ui
W, T 5 A ARG BE ], R4S
BRI REFE R AT RN P8 He XS, JF 4 b2

*3 HEBEERER

Table 3 Genome assembly results

Items Results
Genome size/bp 5874473
Scaffold number 33
Max length/bp 722 119
Min length/bp 976
Sequence G+C/% 62.65
N50/bp 415 540
N90/bp 155 810
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il Tk S22 AR ER AR IR (18] 12), @ bRy
BALHE T 24 5 AR, AR R
A BED . o] o B A PR R I g BE ) napd . 0.
il PR 8 10 IRl 3 A mirS. — S0 R D g 22 A
norB Ml norC. WAh, EY5E T HIREh 5 15
H S nre, LLROWASTRER A IR i S A nirB
Fl nirDo TR PR S22 3 1 fil§ R % 12 1A (nitrate
transporter, NRT)¥ 4 il 71 i PR h i iz 2 PN

A o] J5 T 1R 5 Tt it %) i A AR FH T 3 5 A T
TEPRER , BEJSTEANML AR od) BNV AHIREhid I il
HEALVE T R i 5o — AL A, JF il —SA LA ib
J5 B (nitric oxide reductase, Nor) it — 2518 J5 A 48
AR, NI EBRAKIR TR R 2R,
FERAH TP ORTER RIS — E I LA (nos Z),
SR a R W, Wbk S22 Joik o ki
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Figure 12

Nitrogen metabolism pathway of strain S22.
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RAOrEB . HETHARRALDE, Fk S22 rhifk
J% PR g At 22, B0 11 42 T (ammonia monooxygenase,
Amo) F1 32 B % fk & J& B (hydroxylamine
oxidoreductase, Hao) ) JEE LR, A H& A5 H
FOHIL IR A Rt — DA%
3 Wik
3.1 BERMFRFERBECENZSENE
AT AR G 22 505 1 FAR BRI v 43
B 2 34 MRCIHALAN TR, £ 16S rRNA JE
PSE, XSRS E T 3 B3 |, Hrr,
TR TR A (19 #R) M ST B (12 %) W e 3T
J&, MBHMEEIEG ) NIREREIE. H 1983 4
DK, CA K& EUR 1 3 28 IF i,
PR 2R I 50 A, HORR AL V5 1 K Ab
R, KK, DI SRR . bRt ik
TR RN A SO0 B 116 BRIFSE SRS ALE , T
SRR | S B g B [CTH & (Rheinheimera) |
ZEFHAT @ (Gemmobacter)55 14 &, H B
L TR i A T K TAT 3 Y T 8 SR AR RO A T
BW A, EAE B 16 A8 BT R R4
FEA TR B iE , XL TR R R 240 85 A
TEFFEDURRY) . £IRMRAE 28 RGN K 57258 X S8 3
Bl IR FRFH AR R A3 Y 25 BRIEER PRI AR
FAEACTR, 43 & T 2R 0AT &8 (Bacillus) . B
M . BB S & (Pseudoalteromonas) %5
10 AN, 2B 73 i e 485 S 55 DA IR 7K TT 37 AiTTAE
IKFFER G BB R S —3, R
U i SR A AR S A AL DI RE TR W rh AR O SR
HAT ZWIREE N W EAR PR — e
MRS, H R PR AT B BRI ] il v AR T i
A R R B A& AL . H AT RR AR RS
SRR ] B 5 4 R AR TR BT R R RG4S
i, AR RGH NGRS R G Do B %
EMF A AT, AT e m ik T T
AN RS IE, SRR T W TE A A A T
FhGER o 3K S TR i PR 0] 3 1 1 B AR PR A

P4 actamicro@im.ac.cn, 7 010-64807516

A REHEAL SRR AR, N S ST e i
TRV IS IR AME B SR T A AT A A
TR . AP R AR B A MG 2RISR,
R AT 38 S A A [R] B DX S [ g )
Ty 2R BRI RE, IR AL T iz A
RGP A AR AN T Y 2R S AR S TR
32 B S22 WA EMERMREF
VN4

XPEH R S22 FEAT R G AR ETST
B P Je A A SO Al A P e v 1 e
AR R | PR3 38 07 0 v S8 R RE T K
YRR T HE BRI I AR
AIR B IS L, A G /N oA HLIRER
KANZTRYN . FrEmREM . T ZIRENSE) LA SR
(AN Z0E . HERESE), W0 oT ik s A Hh i bk
B8 ) FH R 1 45 W 2 it AT AL R SRy e IR0, AR
5T h R Pk S22 BEREHIFH SR AN . AT TR A |
TR LA K RS 2 Rh w IR A T S
b, B R AR R s, X R A Bl
T HAE R IR rh 58 B OT AR R T BE AR &
Horr, DUT IR B8 BRI T R S22 A= R I
e AF, HERER R . R P A 22 e vk
FBCHR E AP E R I FEAETE 22 5, BTG
PE VG U6 g B 6 Ak T R A BRI
(Staphylococcus sp.) SY-D-22 F) e £ AMEBR IR A
o R s v L Y KO (Serratia
nematodiphila) HL3 L) 3% 311 49 1 18] 25 4 Ay Ml —
BRUEI B LR 81.33% 1 79.22%4,
X A A T Z AR T4 AE R A TR AR
RIRIPREE 2% F R 1 5 4 5 0 AL, Bl HL R
25 S 20 TR S A BB T, SRS T A TR 6T e
R S R AT, A Y LA R Y
RAE ST Sk A LRIE L. AP E bR S22 B
AR B A L@ N, 7E C/N ly 5-20 JEHIA
Vet A KO AT AL, HARERE C/N FHiim
HA5R . X 58 ORI AR AR L HAA AN
[A], i 2B PR i B (Pseudomonas aeruginosa) Ul
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Wit 5 e 2R R R 2 2 o T ) T R
Eh PR B TR (Halomonas sp.) 5505 1€ 2-32 C/N 2514
A BERE ST, BEE C/N 3N e 5 D
BN Sk LI bR S22 e N TV B E IR
S, JUHAERRIEAR X 78 2 B e & 7 fe KA RE
LA pH SR BRI, A AU A T
i F ol T Ry 25-37 °CPH, N Bk S22, 4
[ A B (Acinetobacter johnsonii) N26P D)
P. nitroreducens PHB18M*! SKMjth A7 — L6 [ fiff Ak
PRI AR 105 I I v g, T ARG O e 4 S A A TR
S IR E (deromonas sp.) Z6 TE 10 °C54 T Xl
BREBRIEF 96.10%Y, Fil: pH Jy hPEag
o (7.0-8.0)P%, pH 5Z ma A AR 3 22238
1 5 0 R T R A0 R TR A, R Bh AT
(Acinetobacter sp.) ZH7 1£ pH N 10.0 B & £k 4=
KRB ARE J1 352 2300, BRikk S22 78 pH A
6.0-9.0 L N EA RIFm A K SBAR . 3
PRI 2R S g0 26 i 1 HG R 3 R AR AR L
it — T SF AL R 2= A ST
IESGRENF C/NL H1hs pH A SRR B b T 2 7
REACHAEM M. SRR, C/N 2R AR
S R R R, LR e R R R TR R RN
pH, Jfakfe T HR R UL A4 A (C/N=15, pH
9.0, S=30%0, I 28 °C). KilFsL6 %A
HHARMTTESE, M T 2R
TR R LIRS R R Ll &I W
PR S22 I Tz r A 2R M 5 IR B i 7
P, REREAIFHZ R 78 C/N=5-20 JEFEINIYRE
AR ; RS FRER Y 37 ¥ 5 58 (50-500 mg/L),
1 140 mg/L YEJE T 36 h N =B334 5] 99.99%.,
FEMEA T B R, HRAE IR B 20-30 °C
Fl i pH 7 8.0-9.0, 53k b5 i i g we
PRI IR S REAE (AN 2275 PR « 55 Bk V7K
JEWI A . X512 T5 KA BE 22 55 (Bl TR
3037 °C)uiIR /K WATH 73 5 14 T IR R L
iy 7 AR DA TR B R AS b TR PR B PR IS B S
Ji 57 1 W 77

3.3 Bk S22 BREANFIR] ZERAT

i B R RE S22 B AR, ASHFST A A
RV S50 X i A R oe R A 2 ) AT T
ST TEMARIEFRAMT, Wik S22 %4
59.64% W] UG NO;™-N #4b B A, [FIEK
2§ 15.33% BI01 45 NOs™-N # R 16 4y 4H M 4 A= 9
R, M AEFRER A Eh A R ik, X R
THAL R R PR S22 LERES AN £ Rk, HARC
G P, RS, X — =R I gk
FE 7 2 LN FH T T B DR 20 A7 fir 11 9k ) A% 0 T
FeAily

30 3 e PA] 2 00 e R 2 2 A5 B TR RR S22 ST
PR B, A8 st L Jehl F /R 17
e AT SR S AR RE T B 43 FHLE . 45 SR SR I H:
FE R 5 U A S AR AR Y DG D R BRI,
ALFE 5 ] BT il PR Eh A8 IR B ) napA JEH | s
VAE R L8 B Y nirS B2, DL K dmti— A Ak
R SR Y norBC FE R o 3 #6 PR I 425 7 Ak
S22 TEA AL T B RUR s 58 U R R A It
B, WaFRmfiuE 7RG fEiFER
EALIE AR, napA FEI Rt Nap & 455
YER . 5IRAEFMET 509 Nar AfA], Nap {7
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POw L VARNSHTIDO =R W N 0 P 1 2 S = S L
TR RS IR R R R W AE R R o X — LR TR PR
S22 TEHFER G 55 77 B U E AR TR AT e = 25U 3
SRS R B 32 hl . BlSS, nirS FEPR bt
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