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—IRAEHEN D BEENZEXN RR ML HS AR ERR
1EH

IT¥H wad
R R AEAEYIIRT T RAEERAKEREEFRSRBIPNAESERZE T4 M 510632

B EITZIFEAKEABAE, AR, BALSRRKAY T 26 0B 5 L4 . KIKRRARIT
TN R E S M40 22 B Ao lF B 2 %%, BRAFHARAANBE L, TAAREHAMA MR
ERAAA S, FHASHEA. SAEHTHE, MA@l AME. B, L2540 T. Fotbmyd
HERAKRR . BAARGES, ARFEAFA R FTE. LB YA RIRAKIKS B . 440,
W5 ik h A M) E AT A A (%5 SPI)BATAY B S, AL A A, AR L2 TR AKAR B R e T2 FE
ARG, ARAKKRERRRAA LS RREE AR, [FE] AREFRENRESFH BT
BiFF kA, BEF 2R EE. BRAARE. A F AR F) A RIEVA R 16S rRNA 2
B R 2 A7t B AR A MR EATA B S, WA B R SP3 £ RF pH. RFERE NaCl &4 F 49 ODgo»
HACIE S FtE; BiEMAE 7 d A SP3 EARE R RRE R A(RAL 4B 4)) Ao 2 7Y & (I A4 BR AN BT 4))
¥ ODgoo 89 EALAH, # R L AT AR ROR AR E L, RAMR& s, s EENE SP3 @
PRI AR AR R R A 2 AH A BB 45 1. Genome walking 3738 35 4% T AK 8% 338 R BE AL B (nirS), @it 35k
% PCRAFR NirSERR. EASAERIEFHNREDNE. [£R] BB SP3 HF 2K
M, 484K, s BEEREE. REABREL. mBERL. TEE. UL, LY. sami. ¥R
BR. RA¥E. B HBEARR, TATEARRIAE AR, A0 BRAL. FUKAERSN. TLALER4A
YA RAEF AR 16S tRNA B 5 7] 547 & 9 2 5 7 K 4h 5L 41 % i (Ectothiorhodospira
shaposhnikovii)F 7| #8124 & 4 99%; #E#k SP3 i & pH 4 6.0-8.5, & & & E A 0-3%; HE#k SP3
A BAE A RB A KRA BT LA L ARk E 8.6x10° CFU/mL. A4 AR &
84.15+0.58 mg/L 89 4-#HE % 7 d, KRR R R R E A4 79.45£0.29 mg/L, AR T &R F 53] 94.42%;
ERIFEREA 2 mg/L BAEERANG M T3R5 d, KRB AL RAEIKTFH4 M 0.003 mg/L.
FEHM SP3 ARAR. EASREAET nirSAAx KL E LiF. (441 B SP3 i KIMRLEE
(E. shaposhnikovii), #6H 2EMRK T BRAALEER, LHAMKRER, ERZREFT KL E
TR bR R AT

KR LemE, B E, BALMMMHA, ARER, TASRAER

q

Foundation item: Industry-University Research Project of Guangdong Province (2016B090918029)
*Corresponding author: E-mail: zhangqzdr@126.com

Received: 30-10-2018; Accepted: 14-03-2019; Published online: 23-04-2019

BEE&WB: | R0 H(2016B090918029)
*B{51E& : E-mail: zhangqzdr@126.com

WiSHHA: 2018-10-30; 3EZHEA: 2019-03-14; MEE % HHA: 2019-04-23



FHERE: —MROGE AR 70 B 4 E B X SR AR A AU 2 BR A 2513

Isolation and identification of a photosynthetic bacterium strain
and removal of ammonia nitrogen and nitrite by the bacterium
species in water

WANG Yi-Ya ZHANG Qi-Zhong"

Key Laboratory of Eutrophication and Red Tide Prevention of Guangdong Higher Education Institutes, Institute of
Hydrobiology, Jinan University, Guangzhou, Guangdong 510632, China

Abstract: [Background] China is a large aquaculture country. Ammonia nitrogen and nitrite are the main
nitrogen source pollutants in water. Excessive ammonia nitrogen in water can damage the nervous system,
liver and kidney system, body surface and internal organs filled with blood of aquatic animals. Excessive
nitrite reduces the ability of carrying oxygen by red blood cells, and immune power of fish and shrimps,
results in various diseases, and even suffocation. Some photosynthetic bacteria with the function of
removal of ammonia nitrogen and nitrite in water are environmental friendly. [Objective] The
photosynthetic bacterium strain (No. SP3) isolated from the mixed bacteria samples from aquaculture
ponds in Guangdong province will be identified for its scientific species and removal ability of ammonia
nitrogen and nitrite in water so as to provide the target bacterial strain for the biological removal of the
water body. [Methods] The photosynthetic bacterium strain (SP3) was isolated from mixed bacteria
samples from aquaculture ponds in Guangdong province using double-layer plate method. The strain SP3
was identified by 16S rRNA gene sequence analysis, gram staining, carbon source utilization and inorganic
electron donor utilization experiments. The optimal culture conditions of strain SP3 were determined by
detection of ODgg in different pH and various NaCl concentrations. The utilization of strain SP3 for
different nitrogen sources (amonium chloride, sodium nitrite) could be confirmed by measuring the change
trends of ODgg in different concentrations of the two nitrogen sources during the period of 7 days. The
ability of strain SP3 to get rid of ammonia nitrogen and nitrite in water were determined by Nessler’s
reagent colorimetric method and spectrophotometry. The nitrite reductase gene (nirS) was cloned by means
of Genome Walking method, and the expression dynamics of nirS in the removal process of ammonia
nitrogen and nitrite nitrogen were studied by RT-PCR. [Results] The isolated strain SP3 is Gram-negative,
short rod-shaped, and can utilize acetate, pyruvate, pyruvate, propionate, butyrate, lactate, fumarate,
succinic acid, malate, fructose and glucose as carbon sources, but can not use ethanol and propanol as
carbon sources. It can employ Na,S,0;:5H,0, Na,S-9H,0 and Na,SOj; as inorganic electron donors. The
strain SP3 is closely similar to Ectothiorhodospira shaposhnikovii (99% similarity) based on the 16S
rRNA gene sequence analysis. The suitable pH is 6.0-8.5, and the suitable salinity is 0-3% for SP3. The
growth status of strain SP3 using ammonia nitrogen chloride as a single nitrogen source was significantly
better than that using sodium nitrite as a single nitrogen source. Under the condition of an initial bacterial
concentration of 8.6x10° CFU/mL, the ammonia nitrogen at an initial concentration of 84.15+0.58 mg/L
was removed in water for 7 days was 79.45+0.29 mg/L, and the removal percentage reached 94.42%,
meanwhile, the sodium nitrite at an initial concentration of 2 mg/L degraded in water for 5 days was lower
than the detection limit (0.003 mg/L). The relative mRNA expression level of nirSin the strain SP3 was
upregulated during the period of removal of ammonia nitrogen and nitrite. [Conclusion] The strain SP3
was identified as E. shaposhnikovii, and had the strong ability of removing ammonia nitrogen and nitrite.
Therefore, it is a promising photosynthetic bacterium strain in application of aquaculture water and
wastewater treatment.

Keywords: Photosynthetic bacterium strain, Isolation and identification, Optimization of culture
conditions, Ammonia nitrogen removal, Nitrite removal
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W EDEAK IR R, A 1991 4Rk, FREE
IR w T Rk A E R M X A1t
AL [ 2002 AR, FRE - EHE A A
sy T EN 2016 4R, R EK SRR
Rk 5 142.39 7 ¢, 5 e EK = RS R 74.51%,
IKFAFRBEPHE N 8 953.57 420, T £ R FHAE 2
b % i 3R Ay 200 3%, BUE R BRI UK = 5h 4
HE P E AR, BCh F55E Tt 8 K A /U 2 2k
T8 o FRFE KA 075 G [ R 8 28 B R T 29 38 1L K™
FEM R RMEERNRZ —.

R (NH, -N) KR RS Y v e i L 175 e
Yy, FELIEFANH )M T2 (NHs) B FPE X
1E7E, KA B R B TP TR
il 7K K 5 AR TR E A 2k B AN 15 1o
0.02 mg/L™ . SR T il sh AT B 32408 . 1A Je A
FEI ), i RES K A Sh R LU | BN R
fh ORI BR IR A K A G S A
AT S a R SR A I B . BT, RBRKIRE AN
D5k EEY A A A i R TR, Hirh
bk TR AR R 2E 2557 5 1 R B K AR —
UG YA AR A B N T R
RIS Y A, H R A B o W i A 1
B AR B & RS e AL R 7 F A AR B I K
M, IS KA A H 1

VA 7 U A AR 1 FE RN S i AR A R £ v e
Y, WIRFRF KR W5 e 2 — o WAHAS A IEA
iR 5L E A S, Kk FS AR
BrFe™), ihimgrik Ak e nY, ks
S, RTINS &g, R BT,
FBR WS R EEA W&, — R R m i e i
FRE A 2 A A R e s A E RS S, g —
3l 3 A AR P Ak R R T SRR K AR E A
KA, —BEAAETR K2 FRA KM b A 25 (LA
R U B B HIAE 0.1 mg/L LR,

W AE PR ER I R B (Nitrite reductase) & A IR
it Ak 3 A e A S A SR U R B R R
WA WA 5 FPZRAL, nirk FEDK 2R A0 5 4

TSIV it R £5 14 S (Cu-Type nitrite reductase)!'™ |
nirS B& A g i (M 40 ML (2R cdl A R 6 i it it
(Cytochrome cd1 nitrite reductase)!'™ . nasB % X %
5 ) NADH 4 i ¥ WV i B2 45 38 5t i (NADH
dependent nitrite reductase)!'®, nrfA 5EPH 45 4 4
MR ¢ AN IR £ I8 i i (Cytochrome ¢ nitrite
reductase)! "VHI niid 3[R 2 5 4 2k A AL TR K
s 1A IV i 152 £6 348 )5 i (Ferredoxin-dependent  nitrite
reductase) ™. il 7 I7 A 1 A A0 S R 400 D € K
cdl AR ER A I B TE 2540 FAETE 25 5%, (BIhREA
[ N A A TEY e S Yl e = N 2 LY &
PR Eh A S AY nir SHE AN nirk JE FURBF5Y R Ak
O S TS TR

oA AT R Bk L A L B AT R AR e
AR R R A Y REFE R R RE L B 45
A ML T AR R DE AR, T T
VEVE . WIIE L KL, 5 YR L R R s A 4 R
20 4D 60 4EAX, H A2 E/IVRIE 2R R B G 41 TR
REA b A PUEK , FHEI T ADGA gl kA S
KB PN, bR — RIS B, SEAAEA
AT T4 A5 K B R ), 16 Bk 22 B a Kk i
HARMAEEREP,

H i & 206 4R 2 A PR 2 AR
LnZE 2T I B i1 1 (Rhodopesudomonas faecalis) A fifi
H AR KRR i A EE N 1.753 mg/L F %
0.711 mg/LP; JEERZIEBAMIEE (R sphaeroides)i £
WK R R LR R 99%%; T 48 (4 i 40
(Marichromatium gracile) YL28 X 7K A% Al K B
0 9.64 mmol/L, XA & HALT 3.21 mmol/L
HI AR R R BRI IR 97.61%LU P75 21412182
T (Rhodospirillum tneue) GH1 . BRIE T AR5 14 (R.
sphaeroides) GH2 Fll GH3 . A B £04E % & (R
palustris) GH4 PUBKIE A RITERMCEA OGRS T X557
BRI SR BN 89.2%%; BFSEA & BRERIHE
AU B REREAR LRSS, ANBERIE AT 4 1 (Rhodobacter
sphaeroides) Py DASESRFRVE AR IEET, XJ e 4f .6l
MR ER W BE A 1 mmol/L Y WA A A KB RN

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



FHERE: —MROGE AR 70 B 4 E B X SR AR A AU 2 BR A 2515

99.8%B%; J FRAT P M (R gelatinosa ) H1 X7
A EHIE N 2.9 mg/L LM FRFE KA il 25
REBRE R 99.79% , BRILLTR HL (R sphaeroides)
PSB-3 XPIZ/K T EAH A bR 86.21%, THIFLL
M (R palustris) Hyo XHZ /K BT AE & bR %
o 93.79%0, ] L [ SR FL AT AEAS D REA AL
B K A Hh SRR Al A A e A A (FU2 e AT
RS RCRAS A, I, A7 262N [ SRR A4
1 H AR R B S R A AN, DA 2
BT T . RBEAK = S5 A e R R I 2L

ARG B TE L E 3 85 A FRFH K A b — bR RE
Bk K A4 2 RV Al 25 R D6 A A B O R R, B
EBRA RS ARE ST, N FRFE KR A Py B R A2
HPERETAIE
1 RS hE
1.1 8
1.1.1 I Ek

T HE B R 7 FG A1MBi 2152 7 (Ectothi or hodospira
shaposhnikovii) 1 F 3 [ i 7Y 55 5% P {2 58K b o0
(ATCC), 7P hh4i's: 43036; SP3 WA H &
BIRFE KA
112 EBHEE

RCVBN H555 5 A e il 2 B8 SCHR[41], van Niel
FrFRELIC R 2 Bk [42]
1.1.3  EELFIFNEE

WARRREN . EAbsR, REEREAA; MR,
EVRRF =) R, Sigma AH] L KOEREERH
WAL O PCR A . BERCAUG 0BT R 4E,
Bio-Rad v Fl; fRIE & .0l Sigma AH]; 4
WA BEFRIY, BioTek Aw]; HBWZEVR KW, Jb
HEBRHRARR A,
1.2 H&E
121 XEHRENEE. HEMXREF

W) AR TR K MR A KRR (8] 52 56 %5 5 7 B
PEATE AR . B 50 mL FEFE /K A KRR R A7
200 mL van Niel #5530, FEIMA—E &
AR I AR 4825 <, 76 30 °C A 2 000 1x

SN EES BRI 10-15d, HERRRE A6,
B 10 mL 21685 3532 om 2058 K # 1Y 90 mL
van Niel 3} TR, FINA—& R ATIRIL
AIEGETRFRE | em Z247)7E 30 °C FDEIE 2 000 1x
KM TR E RSB SRRARLL, U E S REE A
3.

BUE IR 1 mL, F 0.9%0 4 FEER K E4 7
10 50 B, U 40 3 R JRUUA TR 19 10701076,
107, 108 1 107° /%, FIXUZEFRIEGUZ Y &
2%5HE 1Y RCVBN [l 435 5% 56 ) V- 12 43 5 H 1
W%, FHEEAh R IO B I 10 5 S 355 9% R AE [ A 1
TR R, SR PR — )2 2 KA 2%3 5
) RCVBN }igiht, R EIEEESTE 30 °C FOGR
2000 Ix £ FRIERFE 7d. RRAGEERHBE,
P BTV T A 7] [ 1A 35 35 P b A0 2R R P43
B 7 d, RS R R REY, I
RCVBN AR BE S HhF 30 °C FIEAE 2 000 1x 4%
TR KIES, BRI SP3.

AN I7¥E: (1) B 500 pL SP3 4l 35 A
500 pL ¥ FEA 40%A9 HH T, —80 °C 17 (2) HL
SP3 #¥#& 100 mL, 7E 5 000 r/min. 4 °C F&.0»
10 min, {45 B3 WIFHC KRE R 0.9%4: #iEEK
BLUES, AR 3. KRG, BELER SP3
g3 500 mL 2K E ) RCVBN A 73,
FEIMA—E = R AR AT, 7E 30 °C FEHE 2 000 1x
FMFFRESR 7d EEIRRAE, 5 20-30d 4% ik
PR, DMRRFEA ARG 1.
1.2.2 FXEYE SP3 HEMEE

(1) PP F%E . $2I SP3 Hitk DNA,
RS 1™ (27F: 5-AGAGTTTGATCCTGGCT
CAG-3"; 1492R ; 5'-TA CGGTTACCTTGTTACGAC
TT-3"#47 PCR ¥4, PCR WA R Q2S5 ul):
10xKOD buffer 2.5 pL, 2.5 mmol/L dANTP mix 2.5 puL,
25 mmol/L MgSO, 1.5 uL, F I R 5|#J(20 pmol/L)
£ 1L, #4 DNA 1 uL, KOD-plus-neo fif§ 0.5 pL,
P& ddH,0 15 pL. PCR W 4514: 94 °C 4 min;
98°C30s, 56°C30s, 68°C1min, 30 PEF;
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68 °C 7 min, PCR /¥ 4ifb )5l mE . T/A 5
&%) pMD18-T ki, P4 k3] E. coli DHS5a 857
YL, 208 B 4 R BAME e . R %
FERIE AR AT FRA FII)T . 4% 16S rRNA ZE[H 7
S A MEGA 6.0 38 13 4B 427 (Neighbor-Joining,
N-J O R G L TR, A28 000 ¥K)
PEAT BAS BRI, B0 WAk SP3 AT RE R
IET N

(2) TEASES: MELH V& ILABVRAE , PRI
Sy LA TR SP3 TRA, a4 R ATk
= R ML MR EITEZS

(3) B L. S CH WA R FKE
FE) H,
1.2.3 Bk SP3 £ K EH ML

(1) & pH i3 . # RCVBN W MAR: 35 5Ly
pH 73 51JH% 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5,
10.0, 10.5, 11.0, 435 3 4AF17. BT
[ 1.2.1 SRR 7:2) £HMEIRE 24 h J5E ODigoo™*.

(2) FIEELE IR . B RCVBN WiiAR: FR 5L B
JIIA NaCl, 43R 0%, 0.5%. 1%, 1.5%.
2%, 3%. 4%. 5%. 6%. 7%. 8%. 9%. 10% (i
AR, 20l 3 AT, BRorE L. &
[ B 24 h il %E ODggo-
124 AREIFIEST SP3 £ KA

(1) RIRHkE AT SP3 A KM . K
RCVBN ¥ s 32 5 i ) /I8 B, DAEARERAE N
RIE, HIECHIS 025, 0.5, 1.0, 1.5 g/L Efbsx
TR, IS AR R RCVBN WA F2 3AE R
TR, il 3 AT, #R R L, 7E 30 °C
FOERE 2 000 Ix &/ RS 7 d, HEFEIRS 24 h
I %E ODgooo

(2) ARV SR BT SP3 AR A2«
RCVBN s g2 5 () IR 2585, DL RS ER AN
KRB, I H A 0.5, 1.0, 2.0, 4.0 mg/L FO1K
e WA BR BN B FE LD 0.25., 0.5, 1.0, 1.5 g/L 1
TR PR R A RS R, LIRS AU AY RCVBN
IREEFRFAE X IR, 4355 3 AN FAT . Befh iR

A F, &A]FE 24 h M %E ODggoo

(3) SP3 EBRZEABES: K RCVBN ARG 77
Ferb AR BB, DL 0.25 o/L AL EAE R A JE T
Kk, Bk B, LA SP3 B M)
REFRIEXT AL, Ar s 3 AFAT. AEAIBE 24 h B
100 mL B, 5000 r/min .0 10 min, 5.0 )5 F
PRS7 BV TR RE F, SR FR He (o 3k 1Ol
FEPEARAN SR, AARITERRE =(A—A)-
(Ko-Kyp), HAZBITERRFE C=c/Ax100%, KX A
FORLIA GG 0 R)= A & =G IREL MY
), AFRTRAYREARATE, Ko Zmnf il
EIACEE 0 KRR T EG WELE M), K&
IR RRA Y R AR G EHE M I4(EH).

BCSEES A B 1 mL, FH 0.9%4: BER K B Ho AR
B2 107, BL0.1 mL BB AYE A AN TE B 210%
1 FIEZENRHE N 2% RCVBN R FE3E, 434
W3 AL, TR, IMABIRWREE R 2%0
RCVBN }i3R3E, K P-HE T 30 °C FEHE 2 000 1x
FIERFE 7d 5, WEREEE
1.2.5 SP3 ARRIEFESTEESD

1 RCVBN WA EE P I AU 25B5%, DL 2 mg/L
A R A S IR 5 AR 2, AN 3R O TR
b, 3 TAL, xRN SP3 B, 3 4FEAT
4 . BFIAIBR 24 h TS TAES HEL 100 mL B384
AT , 5000 r/min £5.0> 10 min, 2.0 5 B A H]
HAE TR, RO LY E i
WAHAS A &

WA A ZIFERBRE r=(Ne—N)—(Mo—M)FIlE
HAR BRI EBRE Rr/Ngx100%, UH Np 2R 5E

BAHRFEEE 0 X)WAHSE =G KELEMFEY
{B), N ZREIGH S RIWAEER A&, My ERX}
FRALEIBCEE 0 RDUMASATEG WELEFY
{B), M FRXIRA SRR SR T EG KRELZN
FHIME),
1.2.6 SP3 EHKkAI T FHER 30 A R B B A R HL7AE A BR
FRMTHESEPHWREKENS

(1) SP3 TR RV MR I L R e fff s« LA
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Itk SP3 [ DNA Jyfiitl, FISCHREER BB Y
S B 7 i R 38 5L g IR OR SF O 9 51 )
(NiIrSF, NirSR, NirK-F, NirK-R)#4T PCR 41,
PCR PR FR S HEATC 1.2.2, P14 1.2%3%
HE%%&%YK@%#%E%‘%F g sy 2k
T TA S, L F) E. coli DHSo &2 8 4,

i FIMJ% FRPETORE, DR PCR B Jm K%
R 26 22 A RO DR A FR A W) P o D e 25 R A
NCBI £ e Hoxt

(2) Genome walking 3575 SP3 & #k nir SEL[X 4>
9 B A A B2 53 M < AR P R A5 S A TR 6 16
JE LD P41, 2T 3 4538 KRB = R S
5191 (SP1, SP2, SP3), {k#fi TaKaRa Genome
Walking Kit BYULH]FXT#E bR SP3 ) DNA #17
3 Y PCR ARAT O AT A AR ER I S5l 4 0 32 )7
5, PCR ¥yl alifbfm 28 e b i el ik, i ik
PR FERE A TR PCR J ik AR I IR AT B wlml
J¥o BEHRAR P A RC 24320/ nirS JEHE T
PR ] nirS JER 275, FIH http'//emboss
2 o) s B,
Protparam flz 45 % (http://us.expasy.org/tools/protparam.

bioinformatics.nl/ ® 4 15

*®1 S

Table 1 Primers in this study

html) B nirS 8 5 A BRAEAE L. PROST i
%52 (https://psort.hge.jp/form. html) T nir SEE 1 5t
WA ENL, 7 http://swissmodel.expasy.org/ HLfK
FAFF T nir S = 4EL5 4, 7 https:/blast.ncbi.nlm.
nih.gov/Blast.cgi M5 T SP3 [Pk nirS #E 1 2)
Re ik .
1.2.7 &0 nirS FRI&
kv

It A G HE SP3 MR nirS JEN 4
o, et —Xar 34 1) RT-NirSF/
RT-NirSR (& DHITZO0E R PCR, ¥4 Bk
JiE 2 157 bp. LEVHSL A hrdB £ 92500,
19 A R EE KRR BR AR5 Al

H SR 5 | )4 3G 8 FRe e M o < B
2 mg/L WWAHRENIEFR 3 d 1Y SP3 TE A, $2IBUE RNA
5 SRS cDNA, 3 10 586 B 7 BEAE B4R ,
34 . I R-NirSF/RT-NirSR 514, 7t &
PCR JZ Wi fA % : SYBR Green Realtime PCR Master
Mix 10 pL, RT-NirS-R (10 pmol/L) 0.4 uL,
RT-NirSF (10 pmol/L) 0.4 uL, cDNA 1 pL LK
ddH,O 8.2 pL. #JEE#E PCR W AF: 95 °C

KK FEHRALEE PCR 3%

EIE7E

Primer name

Al

Nucleotide sequence (5'—3")

NirS-F CCTAYTGGCCGCCRCART
NirSR CGTTGAACTTRCCGGT

NirK-F GGMATGGTKCCSTGGCA
Nirk-R GCCTCGATCAGRT

SP1 GATGAGCGCCACCGAATCGT
SP2 GGTGATCGCCGCCAGCTTGC
SP3 GGTATAGTCGACCAGCTGGATCT
RT-NirSF CCTTGTTGTATTCGCCCTGC
RT-NirSR AACCCCGAAACCGACATCTC
RT-hrdB-F AGGACGGCGACAGCGAGTTC
RT-hrdB-R CCGAAGCGCATGGAGACG

H B2k A e 8 275 SOk
Target gene Sources or reference
nirS [48]
nirS [48]
nirk [49]
nirk [49]
1st Genome walking of nirS This study
2nd Genome walking of nirS This study
3rd Genome walking of nirS This study
RT-PCR of nirS This study
RT-PCR of nirS This study
RT-PCR of hrdB [50]
RT-PCR of hrdB [50]
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1 min; 95°C 15s, 59°C20s, 75°C 1 min, 40 4>
TEFR . Efrth & ot RAGHE 65 °C, 10 Tt
i 0.5 °C, 80 MEH ., MWIEtrEM e 519y
HROR, AR 5 | R 4k
1.2.8 SP3E#k nirSEEMRIAMLHESRIIEF
RIFRIBKFEHTS

B 25 . Trizol ¥EHEBURAF T W A #E
0.25 g/L FALEIEFR TR SP3 AR . 2 mg/L
EAHRRENEE SR SP3 R4 S B0 2 A S RS I 2L
BRI TR R SP3 T HRATAE A Y B RNA, Bifig
UL M A2 R H K R 36 RNA $RIRUT & e e o
(1) RNA , FH AR RNA 941 (OD260/OD:so) o
Z: 18 Promega /A M-MLV Reverse Transcriptase
O LBE I K5 0 I 9 RNA 33055 57 A cDNA

W6 s PCR: 7E mRNA KA B #E SP3
1) nirS 7ELBRARAMAE SR RIA N,
LA hrdB fE NS B0, [ —HERE S R ) 2 A5
HiEA79¢ 6 5 PCR, 3 MK, XG53k
15 CoAB ARHEARRT D2 BT AR 27 T8

TR DB
1.3 BIENZIT S

JH IBM SPSS Statistics 22.0 B F - 78R S5
43, K OriginPro 8.0 B FHEA T RURAE R .

2 R

2.1 EREE
2.1.1 168 rRNA EEF%

MFAS2] 1 438 bp B9 16S rRNA F:[H 751
(GenBank % 55 MH325212.1), ¥tk SP3 1
16S rRNA %&[H ¥ 517 NCBI 54 /% /47 BLAST
FeXt o HEXT&E SRR BB SP3 (19 16S rRNA SE[H
J¥ %1 5 &1 i 2142 14 J& (Ectothiorhodospira) A 8 J&
Ik 99%. RSB RG kEH R, H
Pk SP3 5 Ah i 2L MR TR JE 1Y U IR Ah B 2L IR TR
(Ectothiorhodospira shaposhnikovii)® h—7, &
151 R 99% (K 1),

212 EEREZRIEELER

SP3 BRI BT AIRLL e/ NBIBRIR , T2

FOUN; WAL, X2 [RBATER, BRIk,

Ectothiorhodospira shaposhnikovii (AY974609.1)

98 — Ectothiorhodospira shaposhnikovii (FR733667.1)
Ectothiorhodospira haloalkaliphila (FN293052.1)
100 Ectothiorhodospira shaposhnikovii (EU700082.1)
Ectothiorhodospira shaposhnikovii (KJ586501.1)

100 \_{
99 ! Strain SP3 (MH325212.1)

Ectothiorhodospira mobilis (MG264195.1)

61

86

Ectothiorhodospira marina (NR044898.1)

Ectothiorhodospira haloalkaliphila (NR044900.1)

57 |
92

86 ! Ectothiorhodospira variabilis (NR042700.1)

100 | Thioalkalivibrio sulfidiphilus (NR074692.1)
 Thioalkalivibrio sulfidiphilus (NR116426.1)

Ectothiorhodospira variabilis (KY523547.1)
Ectothiorhodospira variabilis (AM943125.1)

E—

Thioalbus denitrificans (NR122087.1)

—— Acidihalobacter prosperus (KX250214.1)

100 “———— Thiobacillus prosperus (AY034139.1)

—
0.005

&1

HETE# SP3 #Y 16S rRNA EEFHHMEZENRZL BN

Figure 1 The phylogenetic tree based on 16S rRNA gene sequence
T 2030 EEEFEFOR MR RGIRIT 1 000 YOS TEBGZ 1 S E 4 s 355 BRI 16S rRNA B HJ75I4E GenBank

IR T

Note: Numbers at the branch nodes are bootstrap values, expressed as percentages of 1 000 replicates; Numbers in parentheses represent
the accession numbers in GenBank for the 16S rRNA gene sequences of those type strains.
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2.1.3 REFIAS
e 2 o, SP3 TEAR FIBR I R VD FRAMI LT
MER AT X AN () i D P R R 90— 2, AT DA R 1 R

£ W@H@a CNERER . TRRER . Sl . E B
e BEIAmRER . ORIR . CRWE . WA YRR,

ﬁb?F'JﬁﬁZ,E?%HW@?o
2.1.4  FHLEFHERFI B
PR SP3 FIFRIERR MR AELL NapS,05-5H,0
Na,S-9H,0. Na,SO; 1E R EHLH FAUAGEE 3), X
— 8 FEREAF S (AN RANR L E F ) (8 B
E. shaposhnikovii X} #ifk& 91 F i

*2 HREFIRRER

Table 2 Utilization of carbon sources

Carbfiviurce Ectothiorhodospira shaposhnikovii SP3
BERREE Acetate + 4
PR ER Pyruvate 4 4
ABREL Propionate + +
TFRER Butyrate + 4
FLERER Lactate + +
& R h Fumarate 4 4
BEFAMREL Succinate + .
HHLR Malate o +
HLB¥% Fructose + 4
%M Glucose + +
Z T Ethanol _ _
AE Propanol _

TE: AHUER AR AT AR AL, +. PR —: BRI

Note: Organic acids are provided in the form of sodium salt. +:
Positive reaction; —: Negative reaction.

®3 TEXRBBEFHREIELSAEEKTM

Table 3 Effect of different electron donors on the growth
of photosynthetic bacteria

Elitifil{ior Ectothiorhodospira shaposhnikovii ~ SP3
Na,S$,0;°-5H,0 4 +
Na,S-9H,0 - +
Na,SO3 aF F

2.2 kK SP3 IEF K HEMML
2.2.1 IMEIEFE pH X E#k SP3 £ KAV
TEATE pH B IR 554 T, SP3 Btk KRS
ANF 24 pH 7.5 B, ODgoo M 2.100+£0.015, ODggo
R E R KA - 24 pH>9.5 Hif, ODgoo /i T 0.6800.001 .
HIE 2 AlAN, SP3 WHkIE B KA pH JEfN
6.0-8.5,
2.2.2 VRIS FEILEE R SP3 A KHEMN
EARFEEEET, SP3 HHkA KAREARR . 4
NaCl (Jit AR B EE i 0.5%HF, ODgoo A
2.970+0.013, ODggo ik El i KAEH . 24 NaCl (A
FHEC)HR L R 4%HF, ODgop 4 0.232+0.012, FH & 3
AIAT SP3 FEMEIE FAE K AERE R 0-3%.
251
2.0F e SP3
1.5+

OD(V(?()

1.0 |

0.5F

0.0

6.0 7.0 8.0 9.0 10.0 11.0
pH

2 A[E pH Xf SP3 £ KN
Figure 2 Effects of different pH values on growth of SP3

3.0

2.5 :/\\'_

2.0+

—=— SP3

1.5+

ODG{)O

1.0}

05+

l——l/'\.

| | | | | | | i)

01 2 3 4 5 6 7 8 9 10
NaCl (%)

0.0

B3 EBRE NaCl %f SP3 £ KIS0
Figure 3 Effects of different concentrations of NaCl on
growth of SP3
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2.3 B—FIFEXE SP3 £KHIFM
2.3.1 SiRAM—RIRRXE K SP3 4 KIS
WE 4 iR, PASINEIR O g/L) RS %3 R xf
HR4L, FRk SP3 LIS ks JymE— R UEAT, ODgoo H
e FIMRAR YO AR B 0.25., 0.125. 0.5, 1.0,
1.5 g/L. Btk SP3 TEEALEL MR 0.25 g/L iHs5%
B A KRS A, ODgoo £ 6 d BFNR &, N
2.812+0.001, FHPE SP3 TERAEKE N 1.5 ¢/L 1Y
Rige i AR KRS HIXT e 2%, ODgoo 7E 6 d 153!
B, N 2.435+0.004,
2.3.2 LFEERMAME—FRER X E SP3 £ KR
=AU
DAAS IR B 355 55 B R Xof BRI PR
P gl — IR B, B 5% 5L v A R A v B R T
0.25 g/L 24l SP3 BitRA K (& 5), 1 LAKHE

3.0r
2.5
_20 —=— Control
S 15l 0250 g/L
: —+0.500 g/L
—1.000 g/L.
1.0} 1,500 g/L
0.5 r/’/’.—.—-

t(d)

% 4 A [ERE NH,Cl WEH SP3 4K HI5200

Figure 4 Effects of different concentrations of NH,Cl on
growth of strain SP3

0.9 —=— Control

——0.25
+050g/L
0.8 F—~1.00g/
- 150g/
0.7+
S 06f
05F
0.4+

t(d)

B 5 =iRE NaNO, xE#k SP3 £ HI5200

Figure 5 Effect of high concentration of NaNO, on growth
of strain SP3

MRS PR ENTE I AR, TR KL, ODeoo FH 5
FMRAR YRR SR P iSRRIV BE Sl 2.0, 1.0,
0.5. 4.0 mg/L (8 6). SP3 HHRAE W ASIR4NHE B Hy
2.0 mg/L (35 3R A KRR E, ODgoo £ 6 d
KFNRE, N 2.266£0.004, SP3 T ARALE Al R 4M
WEEN 4.0 mg/L 13577 i A RAR A e 22
ODgoo 7E 6 d i5El|fz =1, A 0.837+0.003,
2.4 &k SP3 X ERAMER

A AE WA E N 8.6x10° CFU/mL (W2
PR A R ST R . EFIETO K), HEFRIIR
WA S i 84.15 mg/L+0.58 mg/L, MK K )52
YRS RN, BERSES 1 KRB 4 REREHRL
R, 4 d MHENZEE SRR R TLBR
P25 A (P<0.05), M 1| RAREHRERK,
4 50.13£1.89 mg/L, 2R EBRFE N 65.52%+0.02%
MRS 5 REIE 7 RAA BT LraEfm Rt E
PR E R ZERARE; HMES 7R, A8 R
PR RN 79.4540.29 mg/L, @A ZiFEBRER
94.42%+0.00% (£ 4),
2.5 Btk SP3 M HESR LR

TEFFSCE AR ST, #RET0 K)
B rh i A A RS 5o 1.3140.00 mg/L $
2T 22 a5 3R], HeRh 528 1 KRB
TSR LRSI R E, X 3%@@@%%&
REBIF LB EM BT LBRFEE R 5% (P<0.05), #
PR 1R, WASSAELBRRRK, A 1.00£0.75 mg/L,

13r —=— Control
1.2} —=05mg/L

L1F i%g ?ﬁé’i
0] —~4.0mgL

0.9+
0.8
0.7
0.6 -

OD, 600

t(d)
6 {KIRE NaNO, X E#k SP3 £ IR

Figure 6 Effects of low concentration of NaNO, on the
growth of strain SP3
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=4 Eik SP3 MERPERIBER

Table 4 Removal of ammonia nitrogen by strain SP3

[ A A EL

AR
st [ Ammonia nitrogen content (mg/L) ZilkbrE c RitEkREC
Time (d) bopitel SCIGH Cumulative removal (mg/L) Cumulative removal percentage (%)

Control group Test group
0 84.15+0.58 84.15+0.58
1 83.65+0.29 28.52+1.89 50.13+1.89a 65.52+0.02a
2 82.65+1.04 18.41+£2.04 64.24+2.04b 76.35+£0.03b
3 81.91+1.75 10.42+1.44 71.48+1.44c¢ 84.95+0.02¢c
4 81.57+1.32 6.27+1.32 75.30+1.32d 89.49+0.02d
5 81.32+1.32 2.95+0.76 78.37+0.76€ 93.13+0.01e
6 80.66+1.25 1.294+0.50 79.37+0.50e 94.32+0.01e
7 80.08+1.32 0.63%0.29 79.45+0.29e 94.42+0.00e

T B IR A RN TR B RN AR B 5 1 22 57 (P<0.05).

Note: Different lowercase letters are significantly at 0.05 probability level.

WHSRERRRE, N 76.44%+0.06%. M5
55 3 KA 4 KA R il AR it it
R ERARE; HMEH 4 R, AARIHARE
h1.2540.00 mg/L, Rit-FFRFEN 95.20%+0.00%.
BEFPIEEE S K, BEIRIOAE AR AR T I AR A B
0.003 mg/L (% 5).
2.6 TAERRENITREEERERITE

PAFIRE SP3 FE[RZH DNA WA, 5o FH AR 7
TSIVt R £ 0 S BERE LR nir S nirK R4 51 547~
B4 345 PCR P4, 7o B AN P 3545 889 bp il B .
P A BEA, SR Genome Walking — i i3, PCR
PIGARTS I B AR Bera By, Ak 5 2R
889 bp H A E Z R/ HLXT BB s BT B B S 2
HUR BOPHELE L, 713 1404 bp T HI(El 7A),

x5 EHkSP3 MIEHAMERESR
Table 5 Removal of nitrite by strain SP3

i BLAST X & BUIZ 791 5 nir SEEDE B AHARLEE
e, JB T AR E A SR nirS, B XFEER
nirK W5 1A 15 3 B AR 25407 o nir S 2 R ik 5]
BERE R 1299 bp, Zifi% 432 NEILER (A 7A), HIh
REZS PSR — 4S5 H AN R 7 B, B0 nir S 28 BT
o 46.99 kKD, FRISZEHL S (PT)J 9.56,
MR AN
2.7 nirSRFEE PCR 3| EHRMFR M
E

FRUEI £ 5 1R Y=—3.574X+2.328, FHKEZH(r)
70.999, HY HHCEN 90.4%, 5 /L3R (r>0.99,
110%>Eff>90%) (& 8), nirSHI4¥ 1 H iy Fr B AE
TEE R 94 °C Kb BB — I RE SR, JE4%0E, ik
B TR S 38 S5 | — R AR B 9).

WAHAS R
Fisf ] Nitrogen content (mg/L) R R S LBRE R
Time (d) X HEZH SEBAR Cumulative removal (mg/L) Cumulative removal percentage (%)
Control group Test group

0 1.31+0.00 1.31£0.00

1 1.30+0.01 0.30+0.08 1.00+0.75a 76.44+0.06a

2 1.30+0.01 0.17+0.03 1.14+0.03b 86.57+0.02b

3 1.29+0.00 0.05£0.02 1.24+0.02¢ 94.75+0.01¢

4 1.29+0.00 0.04+0.01 1.25+0.00¢c 95.20+0.00¢

5 1.29+0.00 TR I R

I BE R AR NG PR RN B #2257 (P<0.05).

Note: Different lowercase letters are significantly at 0.05 probability level.
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lcgagtttggtgticatetecaaggggeteategaaagetegegtecettegggetgtegy 60
61 cgcegeggtietgeatettegageatgtgtatticageegeecegattegateagegeea  [2()
1 M C 1 S A A P I R S A P
121 ccgaatcgtggatgeeggaaatgegeaactectggeaggteategtgeegeeggaagage 180
I3P NR G C R K CAT®PGRSSCRTRKS 32
181 gcccgaccgaaaagatcaacgattgggacatcegagaacttgttcteggteacgetgegeg 240
33A R P KR STTGTST RTT CST RSTRC A 52
241 acgcggggcagatcgeccteategacggeggeacetatgagatcaagaaggtecategaca 300
537 R G R S PSSTAAPMRSI RIRSST 72
301 ccggctacgeegtecgeatcageegeetgteggeetegggeegetatetgetggteateg 360
73 P AT P S A S A A CRPIRAATCWS S 92
361 gccgegacgecaaggtegacatcategacctgtggetggaagaceegteggtegtegeeca 420
93A A T PR STSSTCGWIEKTTRTZ RSSP 112
421 ccatcaagatcggcatggaageeegtteggtegagacctegaagatggagggcetgggage 480
113P S R S AWEKUPVRSRPZRIRWZRAGR 132
48] acaaatacgccatcgceggeggatactggecgeeccagtagtgatcatggacggetagee  54()
133 T N T P S PADTGRP S SDUHGTR RL A 152
541 acgctegageegeteaagategtetegaceegeggeaacatetacgacgaacagacetac 600
1537 L E P L K 1T VS TRGNTYDEU QTY 172
601 cacccggaacccegtgtggcegecateetgtegtegeactategeecegagtteetggte 660
173 P E P R VA A T L. S S H Y R P EF L V 192
661 aacatcaaggaaaccggcaagatccagectggtegactataccgacctgaagaacctcaag 72()
193N T K E T G K T Q L VDY T DL KN L K 212
721 atcaccgagatcgaggeegagegeticetgeacgacggegggetggaticgaccaagege  78()
213 1. T E 1 E A E R F L HDGG L DS T KR 232
781 tacttcatcaccgeggccaacgecegeggeaagetlggtlegleategacaccaaggaagee — 84()
233 Y F I T A AN ARG K L VV I DTKEG 252
841 aagctggeggegatcaccgagacegggggegagacceeegeaccegggeegeggegegaac  9()()
253 K L. A A I T E T G G E T P HP G R G A N 272
9(] ttcgagcaccegaccettegggeeggtgtgggegacetegeacetgggegacgatteggtg 960
273 F EH P T F G P VWA TS HILGDD SV 292
961 gcgcteategggaccgacceggaagggeaceeggacaacgeg tggaagategtggacage | (020
293 A L I G T D P E G H P D N A W K I V D S 312
1 021 ttcceggegetgggeggeggticgetgticgteaagacettecegggetegaaccacetg | (080
313 L2 A 1 G G G S PV KTPEFPGS Ho1 332
1 081 tatgtcgatgegacgeteaaccecegaaaccgacatctegggeteggtegeggtgtticaag | 140
333Y VD AT LNPETDISGSVAVFEK 35
1 141 atcgaccagatcacgggegacgggteegaccecgagtteaccacgeteaacategeggaa | 200
333 pb. b Q I T GD G S D P EF T T L N T A E 372
1 201 atggccgagatcaccgaaggecageegegggtegtgeagggegaatacaacaaggacgge | 260
373 M A E 1T T E G Q P R V V Q GE Y N KD G 392
1 261 accgaaatctggttcteggtetggaacggecaaggaccaggaateggegategtegteate | 320
303 T E T W F S VWNGKDQESA T VV I 412
1 321 gacgacaagacgcttgagetcaageaggteatcaaggacagagtceageetegteacceae | 380
413D D K T L E L K Q V I KD RV S LV T H 432
1 381 taacgtactgcggcegggecagtgg 1404
*

7 BE#k SP3 nirS EE K H4wRDH REELF5(A) FT) RELE ISR = 4E L5439 (B)

Figure 7 The strain SP3 nirS gene sequence and deduced amino acid sequence (A) as well as the deduced three dimensional
structure (B) of the functional domain encoded by nirS gene
TE: A PO atg FHRIHEIL T, WO taa HEZIEEN T BIFEZLEHE RS MFR; TRLSH B HIhaEL .

Note: In A, the yellow atg is the initiation codon, the yellow taa encodes the terminator; The translation stop codon is represented by an
asterisk (*); The underline encodes the functional domain of B.

Log Starting quantity, copy number

B8 nirS 5|44 tEinERLZ

Figure 8 The standard curve of amplification with nirS primers
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~d(RFU)/dT
W

62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100

Temperature, Celsins

9 nirS 5|4y 1BiE kR

Figure 9 The melt curve of products amplified with nirS primers

2.8 nirS 7£ SP3 E#H#EMRER. LHESRIEE
FEIFRIETNS
2.8.1 nirS7E SP3 EtkEMRE AT BH RIS
7E SP3 ik EBRAZLTRD, nirS FikKF
S T R R WA, PR B X B KPS R A
A, BRESE 1 KI5 3 K nirSEEEREES
TXFHRAL(P<0.01), HFhJE2E 4 KEIE 6 K, nirS
FAE N E R TXEP<0.05) (K 10), & 7 K
nirS ik 5 5 0 R Jo i 2 225 57 .
2.8.2 nirSTE SP3 Wik AR T HESREIEFHRIE
A
1E SP3 H@Kﬂmﬁ*#

MR, nirS %

ARt S TR W, FHREEIXT K,
%ﬁﬁ%l%ﬂ%3%m@%Lgmﬁ%%?ﬁ

R 2H (P<0.01), f£Fh)5
X} IR (P<0.05), 255 5 K nirSF AR 5% E
(E 11).
3 WiE4R

M EMUAEY = SRR E MARKRS KR
4802 H AT E PR b 42 52 ok A0 K R e
CAAZS PR TR 5808 T Mnc) 2 SEAL IR 40 TR 1 IE 2
%ﬁ4§ﬂ¢ﬁ¢%Tﬁﬁ TRGR TR
WUOEATH AR, BB T 16S IRNA LA 751

FAKXNISEEELEST
5] JC 5+

—_
[\S}

1
G oo

—1Control
10 | mm NH,™-N

Relative expression
%
*

(d)

10 ZFERALEFRLEGIR)E SP3 FHE nirS 89
mRNAiIE KK F

Figure 10 The mRNA expression levels of nirS in strain
SP3 treated with ammonia nitrogen in comparison with
those of the SP3 untreated in the control group

T FEAl: XTI, RIAmERE; BELE. "HERAEH;
Fi A AR LIPS (R G 22 (n=3) s 5+ IR [R5 T
BEAE B E il 2R R (% P<0.05 Fl** . P<0.01). AEFKUN)
B AREHAGHRADHEA BEF2H, HFRFREFRT
Note: The white column represents the control group, i.e., no
nitrogen source, and the black column represents the ammonia
nitrogen treatment group; All values are expressed as mean +
standard deviation (n=3); An asterisk indicates that the value is
significantly (*: P<0.05) or very significantly (*¥*: P<0.01)
different from its control value. Different capital (lowercase)
letters represent significant differences among the experimental

group (control group) values, and the same letters indicate no
significant difference.
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K3k
20| —1Control
- == NO,
216}
g
% 12 +
C
2 8| *C* ke
=
Q
& 4+

B 11 ZEHESRLEFMARLIEGIER)E SP3 Bk nirS
#J mRNA FRik7KF

Figure 11 The mRNA expression levels of nirS in strain
SP3 treated with nitrite in comparison with those of the SP3
untreated in the control group

e FEE: WA, BRI ; MBEak SRR a8 Z ki
M A BE P AR ER 22 (0=3)F0R; B S ZEYS
HOXHIRE . B B AR Ce: P<0.05 Ail*x: P<0.01). A
ROMNEFEARZRAGTIRANEEA BT, MHEFE
FARTERE X5

Note: The white column represents the control group, i.e., no
nitrogen source, and the black column represents the nitrite
treatment group; All values are expressed as mean + standard
deviation (n=3); An asterisk indicates that the value is
significantly (* P<0.05) or very significantly (¥* P<0.01)
different from its control value. Different capital (lowercase)
letters represent significant differences among the experimental
group (control group) values, and the same letters indicate no
significant difference.

b, BB T . DNA H1(G+C)mol %55 15
A58 AL ds | B D RFIRHE DL O
FRIESE E R 25 AP 16S rDNA 41 14
Y h 2% 16S rRNA JEK #)—B: DNA FF41, JF#
SIRSE R, B A TaEEMEEP, A
R AR RS %8 145G 16S rRNA [
FE AR HIXHE A AN ET SP3 HEF TR IR %52 .
Btk SP3 1 16S tRNA K[ E5 RG R EW
Mrats i s H 5 V0 FCAMA T2 12 (E. shaposhinikovii,
GenBank %35 KJ566501. 1) % h—3%, BIEEN
99%, FHULATHERT SP3 FEkE)E TAMRLT IR R E . A
WA A AR S B S R B R, SP3 A RE SR vER
PR UD TG A 21 858 0816 A [ s U A JE ML 52 4 |

B —3, W5 (AR R TF0) dxiid
IRAMR LT IR L s 1 A2 BRAAb AR A5 B4k A
H R R 3 B A LR bR
16S rRNA FEH P4 e 255, i T bk SP3 Wb
FCAMR LT B2 T (E. shaposhnikovii).

Y RAMR T 2T (E. shaposhnikovii) 78 532K 2%
b S )& T 78 I 1 1] (Proteobacteria) v-7% 1 I 240
(Gammaproteobacteria) % {4, & H (Chromatiales) #h
T 2112 5 B} (Ectothi orhodospir aceae) ¥ Mifi £1 12 ke 14
J& (Ectothiorhodospira)™*!, Mt 41 42 i fE1E S A AT
TR, DRI A BRAL A P01 R A
SCE A WAL E YIS RIS A FRAEK,
Ak G Py ok B AL R B R SR A S — R ] = g
BT — R IURAE A AN, AR LT e T R4
Jy AN 21 M2 JitE 1 J (Ectothiorhodospira) . 21 EiAF i
J& (Thiorhodospira) F1 £k 21 #2 1 J& (Hal orhodospir a)
=S B BURL T ARAE 40 A1 B O B B SR AN T
JE P SN LT S TR Hh S [ o) R B iR A7 7
Fil A Al , H. halophila, H. halochloris 1 H.
abdelmalekii H1 T BZIELR(>10%) B B8 H SR 21 IR
e &, Ik Eh 4142 1 & (Hal orhodospira) ™™,
By b B 21 12 1 (E. mobilis) (Y 38 ‘B £k B Y Rl S
2%-3%"%, Btk SP3 LG EhE N 0.5%, 1 HER
TLHY 0%-3%. A ULTERE SP3 MRHERVEF), fE
IO 465 K 22 BOR IK T K T3 B K A 0 6 B 2% Ak

pH /K IR HK B SOK i bRz —, F*%
BRI pH<S5.0 33 pH>9.0 #RE (%41 ta 25 i
W pH S0, MIRZE o RGL KA, S EL 2 5]
AT, Rl K R AL, 358 IR K
(435 BT pH {H 3 FELE 6.5-8.5, 7K pH J7 7.0-8.514,
25 B AR A I L B P I 34 Ao B S SR
KA pH TE IR 7.26-8.96 , /KRR B 25 5745 /N H.
PRy AR iR B KR T i pH RS20 4
TR, I B4 K22 B 6 A A0 T i A 55 ik
PEFREEIOT ) Bkk SP3 AUIEH A K pH YE R
6.0-9.0, HFFAKM pH JEFBIEA—E, Hk

B R o o
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SP3 & A ESRFE /KA

SR e B B AN B [ s ELA I A TR 5 3
filg L[5 nir SN nirk, 48 A= 4398 14 (Bradyrhizobium
nitroreducens) ** {5 & Jf1 7 (Pseudomonas stutzer i),
HEZEGAEY REH nirS 8 nirK, AHF5E R
U IRAMRZIIRTE SP3 H & A7 —Fh gty M i iR £h 4
JEEEIEN nirS, 7EVDRAMRLTIZIE SP3 LBREA
s AN A R R, nirS IF A KR R
RARBOAEAS AR Rt L bR 22 U — 2,
RO 5 — R B, SRS PR R R, a5 X
OB XA, XU nirS 7E A AV AS A 2
Frad e e T EEAER . R AR S Wittorf
SRR, BN (P. stutzer)) EBRAESA
i, G nirS gk A, R R AT R A A
AT A 2 PR AR RN R A AL AR D R T AR
WA A [N, A E IR S F A T 7 A
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172555 B AR AS A VD FC A MG 21 2 A Pk X 33 3K Ak v
) COD. EA . @A . WAHm A LRES N
57.38%. 45.34%. 48.63%F1 27.91% % AWf5 Kk
PR SP3 RELAGA AL . WRYRREN M AR, JEH
TERER P RERS ALK R AT, RIS AT DA s 25 Bk 4
PR AT SE, SP3 &1t 7 d X/KKEEA
FBRFIRF] 94.42%, 43 5 dWERTFRIEF 2 mg/L

F1R) SV il IR 44 2 5% B ARG IR (0.003 mg/L)LL R, M
IR SP3 A MR K BRAIRZ IR AT RE . SP3 B P
F B RUIR A B 1 RS A7 25 8 0 B A S £ R T
5, IXULAH SP3 & —k R AT A A Tk IR K
BV AR LTI A

PAPE SP3 HLAT) vz (L BE A pH & N [, fE
FH IR K R K S 58 358 A5 30 2 B 2 /A 2
R, TEFFHAKIAEE A A ) e A 5

REFERENCES

[1]  Food and Agriculture Organization of the United Nations. State
of World Fisheries and Aquaculture[M]. Rome: Food and
Agriculture Organization of the United Nations, 2018: 26-54 (in
Chinese)

WA ER A RO A, 59l UK FRADRBLM]. &
O B ER A R4, 2018: 26-54

[2] Preparation by the Ministry of Agriculture, Fisheries and
Fisheries. 2017 China Fishery Statistical Yearbook[M]. Beijing:
China Agriculture Press, 2017: 1-15 (in Chinese)

Al el B PR 2017 PO SRS M. b
ROl AL, 2017: 1-15

[3] Emerson K, Russo RC, Lund RE, et al. Aqueous ammonia
equilibrium calculations: effect of pH and temperature[J].
Journal of the Fisheries Board of Canada, 1975, 32(12):
2379-2383

[4] Ministry of Agriculture and Rural Affairs of the People’s
Republic of China. GB 11607-1989 Water quality standard for
fisheries[S]. Beijing: Standards Press of China, 1989 (in
Chinese)

RALF. GB 11607-1989 kK FibsuE[S]. Jbat: hEzHE
AL, 1989

[5] Qiao SF, Liu HY, Jin XY, et al. Ammonia accumulation hazards
and bioavailability in aquaculture waters[J]. Hebei Fisheries,
2006(1): 20-22 (in Chinese)

TR, XMEX, BiF =, . FAEKIRAAREEE 54
FIRII. dkilk, 2006(1): 20-22

[6] Zhang JF, Li RW, Liu JF, et al. Accumulation of ammonia
nitrogen: Harm and bilolgical control[J]. Hebei Fisheries,
2009(6): 41-44 (in Chinese)

SRHER, ZHaft, XUARR, & BOKFRFRIRA AR R T M
AW R BRI IR (D). 0L Hall, 2009(6): 41-44

[71 Peng L, Ngo HH, Guo WS, et al. A novel mechanistic model for
nitrogen removal in algal-bacterial photo sequencing batch
reactors[J]. Bioresource Technology, 2018, 267: 502-509

[8] Luo LH. Research process on the now existing denitrogenation
of highly concentrated ammonium-nitrogen wastewater[J].
Sichuan Chemical Industry, 2011, 14(6): 38-42 (in Chinese)

U AT RN G UBLE s N T e 1) L DL e O
2011, 14(6): 38-42

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



2526 TEY I8 Microbiol. China
[9] Dong YB, Dai YY. Research survey of toxic effects of nitrite to of a photosynthetic bacteria strain and its ability of

[10]

[12]

[13]

[14]

[15]

[16]

[19]

[20]

[21]

aquatic animals[J]. Journal of Aquaculture, 2011, 32(4): 28-32
(in Chinese)

HRN, EIRE. WANRRER EUOR K 2B S S 5 R A AT
FEREBLLD). KPR FRAE, 2011, 32(4): 28-32

Wang SQ, Wang FZ, Wang S. Talking about the toxicity of nitrite
and its control measures[J]. Fishery Guide to be Rich, 2007(20):
59 (in Chinese)

TR, FHE, oI5 WIRTMERER AT X PR 1 iE[I].
ol EE 57, 2007(20): 59

Chen H, Zhang DM, Wang LG, et al. Biological characteristics
and phylogenetic analysis of a denitrifying photosynthetic
bacterium[J]. Acta Microbiologica Sinica, 2011, 51(2): 249-255
(in Chinese)

PR SRTER, FIRMI, S5 —BRAAOL S AR R ALY 27 4
YERRGRE ] YR, 2011, 51(2): 249-255

Gao MH, Ma LB, Ge LA, et al. Nitrite uptake mechanism and
the influencing factors of accumulation in aquatic animals[J].
South China Fisheries Science, 2008, 4(4): 73-79 (in Chinese)
U, DR, Hardd, % WASERERFEK A sh iR Py AR
WAL B EFRASE I IR 2R (1], 7 7K™, 2008, 4(4): 73-79
Jones CM, Stres B, Rosenquist M, et al. Phylogenetic analysis of
nitrite, nitric oxide, and nitrous oxide respiratory enzymes reveal
a complex evolutionary history for denitrification[J]. Molecular
Biology and Evolution, 2008, 25(9): 1955-1966

Yakimov MM, La Cono V, Smedile F, et al. Contribution of
crenarchaeal autotrophic ammonia oxidizers to the dark primary
production in Tyrrhenian deep waters (Central Mediterranean
Sea)[J]. The ISME Journal, 2011, 5(6): 945-961

Theerachat M, Virunanon C, Chulalaksananukul S, et al. NirK
and nirS nitrite reductase genes from non-agricultural forest soil
bacteria in Thailand[J]. World Journal of Microbiology and
Biotechnology, 2011, 27(4): 999-1003

Olmo-Mira MF, Cabello P, Pino C, et al. Expression and
characterization of the assimilatory NADH-nitrite reductase from
the phototrophic bacterium Rhodobacter capsulatus E1F1[J].
Archives of Microbiology, 2006, 186(4): 339-344

Einsle O, Messerschmidt A, Stach P, et al. Structure of
cytochrome C nitrite reductase[J]. Nature, 1999, 400(6743):
476-480

Hirasawa M, Tripathy JN, Sommer F, et al. Enzymatic properties
of the ferredoxin-dependent
Chlamydomonas reinhardtii. Evidence for hydroxylamine as a
Late intermediate in ammonia production[J]. Photosynthesis
Research, 2010, 103(2): 67-77

Sharma S, Aneja MK, Mayer J, et al. Diversity of transcripts of
nitrite reductase genes (nirK and nirS) in rhizospheres of grain
legumes[J]. Applied and Environmental Microbiology, 2005,
71(4): 2001-2007

Braker G, Zhou JZ, Wu LY, et al. Nitrite reductase genes (nirK
and nirS) as functional markers to investigate diversity of
denitrifying bacteria in Pacific Northwest marine sediment
communities[J]. Applied and Environmental
2000, 66(5): 2096-2104

Xi YF, Zhang MJ, Huang XS, et al. Isolation and identification

nitrite  reductase  from

Microbiology,

[22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

denitrification[J]. Journal of Anhui Agricultural Sciences, 2010,
38(27): 14847-14849,14875 (in Chinese)

JE T, TR, BN, SE 1 MOGE AR S e S
A ORE 1 W R[] & BOA M B 2%, 2010, 38(27):
14847-14849,14875

Hu ZY. Isolation and identification of marine photosynthetic
bacteria and their application in the ornamental fish[D].
Qingdao: Master’s Thesis of Ocean University of China, 2007
(in Chinese)

WISR . WG AT 4388 % e B HAE WL B ) v T (D).
H i P RCEI LA AT, 2007

Ji HP, Li J. The application of photosynthetic bacteria[J].
Progress in Biotechnology, 1997, 17(4): 46-50 (in Chinese)
HiE, AR SeEHMEN NP AV TR, 1997,
17(4): 46-50

He CH. Research on separation, identification, growth conditions
of photosynthetic bacteria and application pretest{D]. Harbin:
Master’s Thesis of Harbin Institute of Technology, 2009 (in
Chinese)

e GG AR B 43 B % E FIAE I SR AL AL B T B4R
[D]. PR MR DAL RAE L2 A8 3, 2009

Meng F, Zhang GM, Yang AQ, et al. Bioconversion of
wastewater by photosynthetic bacteria: nitrogen source range,
fundamental kinetics of nitrogen removal,
accumulation[J]. Bioresource Technology Reports, 2018, 4: 9-15
Huang XF, Li CJ, Zhang FJ. Characteristics of photosynthetic
bacteria and its application in wastewater treatment[J]. China
Biogas, 2005, 23(1): 29-35 (in Chinese)

BRI, BFEM, TR, OGE ANH R S A B b B
T I PR, 2005, 23(1): 29-35

Wang S. Degradation of aniline by photosynthetic bacteria[D].
Hangzhou: Master’s Thesis
Technology, 2011 (in Chinese)
FIb. SCE AR B OK BIBFSE[D]. U #HT TR
SRR 2R, 2011

Lu YFE. Experimental study of food processing wastewater
treatment by photosynthetic bacteria[D]. Harbin: Master’s Thesis
of Harbin Institute of Technology, 2012 (in Chinese)

FEERER A AT A T KR IR A X [D]. MR
I IR TP R AT 283, 2012

Sun T, Li LS. Removal of nitrogen and phosphorus in
wastewater using photosynthetic bacteria
activated carbon[J]. Journal of Agro-Environment Science, 2006,
25(S1): 211-213 (in Chinese)

NG, 22 TP [ E AR GG AT 2 BRBK Th AR
W] Al HEEREA224R, 2006, 25(S1): 211-213

Liu HL, Zhang ZF, Li CL, et al. Effect of photosynthetic bacteria
on tilapia based on water quality and disease resistence[J].
Fishery Modernization, 2009, 36(2): 47-51 (in Chinese)

XEFS, slhREE, B, 55 SUEUNTEXT 2 E M B FRFE K
B KB SRS [T ol AL, 2009, 36(2): 47-51

and biomass

of Zhejiang University of

immobilized on

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



FHERE: —MROGE AR 70 B 45 E B T X 2 A

.

SR ZBREH

JBRZ

2527

[31]

[32]

[33]

[34]

[35]

[37]

[38]

[39]

Fang WD, Tang X, He JL, et al. The isolation of PSB strain FP04
and its effect on culture water quality and harvest of Trionyx
sinensis[J]. Journal of Aquaculture, 2012, 33(4): 12-16 (in
Chinese)

TR, B, fask, 55 SCEHME FPo4 fGfE Kox et
B R FR K TRVAE 778025 R A [J]. UK 9848, 2012, 33(4):
12-16

Ding AZ, Chen FZ, Lei JQ, et al. Water quality for
aquiculture improved by photosynthetic bacteria[J].
Agro-Environmental Protection, 2000, 19(6): 339-341,344 (in
Chinese)

TS, BRER, WEUR, % BA M REK R
KB BEFE[I]. 4Ol FREELRAF, 2000, 19(6): 339-341,344
Feng YL. The basic research on application of marine
photosynthetic bacteria in aquaculture[D]. Harbin: Master’s
Thesis of Harbin Institute of Technology, 2017 (in Chinese)
TR R S A T E K 7 35 B R Y 8 R A 5T (D).
MRS M R Tolk R AE A 2 A0 3, 2017

Wang H, Wang JW, Du G. Preliminary study on microbial
autotrophic nitrogen removal in aquaculture water[J]. Journal
of Fisheries Science, 2010, 29(5): 295-298 (in Chinese)

FAE, Rk, R FRRUKEPREY 2R A FEREAY)
HEWFFR[I]. KFEREE, 2010, 29(5): 295-298

Liu M. Nitrogen and phosphate assimilation capacity of a
photosynthetic strain[D]. Wuhan: Master’s Thesis of Huazhong
Agricultural University, 2011 (in Chinese)

X — O E A A BE R ALRE ) BT [D]. L fErp
Al K 2E R L2 3, 2011

Yu PF, Wang LH, Zhan PR. Separation, characterization and
immobilization of photobacteria in PVA vectors and application
of it in cleaning water of fish pool[J]. Biotechnology, 1995, 5(3):
35-36,44 (in Chinese)

TS, EMAE, B oA MERIES | e R E LR
FoAE etk BT SR (0], AR, 1995, 503):
35-36,44

Jiang P, Zhao CG, Jia YQ, et al. Inorganic nitrogen removal by a
marine purple sulfur bacterium capable of growth on nitrite as
sole nitrogen source[J]. Microbiology China, 2014, 41(5):
824-831 (in Chinese)

Wme, BT, SUMEB, S5 AR RO ME— SRR A K AT
SEEMME LRI =EAD]. HEYFEi, 2014, 41(5):
824-831

Wang L, Liao Separation
photosynthetic (PSB) and purifying
aquiculture water[J]. Journal of Microbiology, 2004, 24(2):
7-9,37 (in Chinese)

T2t BEAE. SGA AT Y 53 B % 8 MO SRR K B E e
FED]. AP EA, 2004, 24(2): 79,37
Yu JA, Zhang CK, Chen F, et al
photosynthetic bacteria P4 strain[J]. Journal of Shanghai
2000, 34(11): 1579-1582,1597 (in

LH. identification of

bacteria

and
effection

Denitration of

Jiaotong University,
Chinese)

Tel: 010-64807511; E-mail

(40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

AL, SRR, BRiE, & CEME Py MRIGSSLIEL].
AR R 2R ], 2000, 34(11): 1579-1582,1597

Xu SN, Qiu HD, Lin J, et al. On the isolation, identification and
function of purple nonsulfer photosynthetic bacteria[J]. Journal
of Fuzhou University (Natural Science), 2004, 32(2): 246-251
(in Chinese)

TR, DR, A8, & BOAERDLA AR B8 E X
HIEERFFTI]. WM KW HRBFM, 2004, 32(2):
246-251

Li X, Wang YH, Zhang SL, et al. Enhancement of phototrophic
hydrogen production by Rhodobacter sphaeroides ZX-5 using a
novel strategy — shaking and extra-light supplementation
approach[J]. International Journal of Hydrogen Energy, 2009,
34(24): 9677-9685

Carlozzi P, Pushparaj B, Degl’Innocenti A, et al. Growth
of Rhodopseudomonas palustris, cultured
in an underwater tubular photobioreactor, and
Applied

characteristics
outdoors,
investigation on  photosynthetic  efficiency[J].
Microbiology and Biotechnology, 2006, 73(4): 789-795
Jiang HC, Dong HL, Zhang GX, et al. Microbial diversity in
water and sediment of Lake Chaka, an athalassohaline lake in
northwestern  China[J].  Applied
Microbiology, 2006, 72(6): 3832-3845
Dong XZ, Cai MY. Handbook of Identification of Common
Bacterial Systems[M]. Beijing: Science Press, 2001: 19-398
(in Chinese)

RFER, R, FINME R E TIHM]. deat: Bl
A, 2001: 19-398

Liu Y, Wang YJ, Cao F, et al. Research on photosynthetic
bacteria culture[J]. Journal of Dalian Institute of Light
Industry, 1993, 12(2): 37-41 (in Chinese)

X, Fiad, W, & A MERE RV KiER
Tk 2B 2447, 1993, 12(2): 37-41

National

and  Environmental

Environmental  Protection  Agency. GB/T
7479-1987. Water quality — Determination of ammonium —
Nessler’s reagent colorimetric method[S]. Beijing: Standards
Press of China, 1987 (in Chinese)

KI5 . GB/T 7479-1987 /KJET #AGINAE #4EGIR
R EIES]. dbat: sPEbRER IR, 1987

State  Environmental GB/T
7493-1987, Water quality—Determination of nitrogen
(nitrite); Spectrophotometric method[S]. Beijing: Standards
Press of China, 1987 (in Chinese)

R AR BAL Y SR GB/T 7493-1987, /KJF LAl FREh &1
WSE P BERL[S]. dUat: A EbRiE Rk, 1987

Sarkar J, Kazy SK, Gupta A, et al. Biostimulation of
indigenous microbial community for bioremediation of
petroleum refinery sludge[J]. Frontiers in Microbiology,
2016, 7: 1407

Zhang X, He LM, Zhang FL, et al. The different potential of
sponge bacterial symbionts in N, release indicated by the
phylogenetic  diversity and abundance analyses of
denitrification genes, nirK and nosZ[J]. PLoS One, 2013,
8(6): e65142

Protection  Administration.

: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2528

(DGXYESE

Microbiol. China

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[59]

[60]

Yan L, Zhang QZ, Virolle MJ, et al.
over-expression, Wbll, a WhiB-like transcriptional regulator,

In conditions of

has a positive impact on the weak antibiotic production of
Sreptomyces lividans TK24[J]. PLoS One, 2017, 12(3):
e0174781

Yang SP, Lin ZH, Cui XH, et al. Current taxonomy of
anoxygenic phototrophic bacteria — a review[J]. Acta
Microbiologica Sinica, 2008, 48(11): 1562-1566 (in Chinese)
WA, RER, HME, FORPEE ME T2

BEJRD). 74, 2008, 48(11): 1562-1566

Muyzer G, Teske A, Wirsen CO, Phylogenetic
of Thiomicrospira species and their
identification in deep-sea hydrothermal vent samples by
rDNA
164(3):

et al.
relationships
denaturing gradient gel electrophoresis of 16S

fragments[J]. Archives 1995,
165-172

Brenner DJ, Krieg NR, Staley JT, et al. Bergey’s Manual® of
Systematic Bacteriology. Vol.2. Part B[M]. 2nd ed. New York:
Springer, 2005: 41-48

Brenner DJ, Krieg NR, Staley JT, et al. Bergey’s Manual® of

]. 2nd ed. New York:

of Microbiology,

Systematic Bacteriology. Vol.2. Part A[M

Springer, 2005: 131

Imhoft JF, Siiling J. The phylogenetic relationship among

Ectothiorhodospiraceae: a reevaluation of their taxonomy on the

basis of 16S rDNA analyses[J]. Archives of Microbiology, 1996,

165(2): 106-113

Triiper HG. Ectothiorhodospira mobilis Pelsh, a photosynthetic

sulfur bacterium depositing sulfur outside the cells[J]. Journal of

Bacteriology, 1968, 95(5): 1910-1920

Deng XH. The fishery produces the pH value function and

adjustment[J]. Hebei Fisheries, 2008(2): 4-6 (in Chinese)

XA il FRFHK AR T pH B AR T KR Y (0], gl

2008(2): 4-6

Li RP, Zhang XX, Liu Z, et al. Distribution characteristics and

of pH,

sulfonamides in pond aquaculture water[J]. Chinese Journal of

Environmental Engineering, 2015, 9(6): 2582-2588 (in Chinese)

BEGHE, SRR, XU, S5 WIEIRAUKIK pH, B Rk 4k

% a Kt 3 RBMEAHU 2 MR E S A GRS, FRb
TAE2EAR, 2015, 9(6): 2582-2588

Wei YL. The culture and application of the photosynthetic
bacteria (PSB)[J]. Life Science Instruments, 2007, 5(3): 27-30
(in Chinese)
BER. LG HE IR RN, A
5(3):27-30
Zhang FF, Zhou K, Zhao Y]J, et al. Study on culture condition of

relationships nutrients, chlorophyll a and three

2FALER, 2007,

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

photosynthetic bacteria[J]. Tianjin Agricultural Sciences, 2009,
15(2): 9-11 (in Chinese)
sRIgENE, R, KT, 5F e
AR, 2009, 15(2): 9-11
Xie HG, Wang SF, Chu R. Experimental cultivation of
photosynthetic ~ bacteria ~ for  wastewater  treatment[J].
Environmental Science & Technology, 2007, 30(5): 19-20 (in
Chinese)

BRI, =0, HEH. SCE MR IR R RATIE]. BREERE
25K, 2007, 30(5): 19-20
Wang XJ, Wang QY. Study on culture condition and application

NSRS [I]. R

of photosynthetic bacteria[J]. Journal of Xinyang Teachers
College (Natural Science Edition), 1994, 7(2): 208-211 (in
Chinese)

FANE, EIE S OCE MR AT R ). R
PRIMSE 2 BEsiai: FARBIERR, 1994, 7(2): 208-211

Jang J, Ashida N, Kai A, et al. Presence of Cu-type (NirK) and
cdl-type (NirS) nitrite reductase genes in the denitrifying
bacterium Bradyrhizobium nitroreducens sp. nov.[J]. Microbes
and Environments, 2018, 33(3): 326-331

Wittorf L, Jones CM, Bonilla-Rosso G, et al. Expression of
nirK and nirS genes in two strains of Pseudomonas stutzeri
harbouring both types of NO-forming nitrite reductases[J].
Research in Microbiology, 2018, 169(6): 343-347

Wen CQ, Xue M, Liang HF, et al. Beneficial effects of
Ectothiorhodospira shaposhnikovii WF on larval cultivation of
Litopenaeus vannamei[J]. 2015, 6(4):
529-533

Liu JF, Huang Y, Liu ZH, et al. Isolation, identification and
characterization of a Ectothiorhodospira sp. from mangrove[J].
Environmental Science & Technology, 2018, 41(2): 8-12 (in
Chinese)

XIAR, R, XUIEHE, 5. 1 PRECWARIMIRELART ) /) 8 %
B AR T]. BRI 55K, 2018, 41(2): 8-12

Tian JM. Using the biopolymer of microorganism
Ectothiorhodospira shaposhnikovii to remove of heavy metals
from waste waters[J]. Journal of Taiyuan University of
Technology, 1999, 30(2): 175-178 (in Chinese)

A R, T P 2L MR o e T B ) A W SR B ) R R R K
PREAEI]. KL T RS24R], 1999, 30(2): 175-178

Lin QC, Zhu LM, Shen XH, et al. Isolation and identification of
a photosynthetic bacterium[J]. Journal of Zhejiang Agricultural
Sciences, 2017, 58(8): 1444-1446 (in Chinese)

MRIEAE, R, /LD, % —RROBE AT A4 8 S %2 D).
WA R, 2017, 58(8): 1444-1446

Beneficial Microbes,

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



