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B OE: NFHOREIE b B R R IR, KRR 16S tDNA T 45 B 7E GenBank itk
AT RIS bt 1 Rk, T EHLADE (NH, N A1 NO3-ND 7638 B 414 N W A B RR IR AL RE 11, 23 #T
R A SO AE IR NLO FFISURFAE o 25 SRR, 43 B B0 S SR i A0 1 & T AT 14 )& (Pseudomonas
sp.), PN AR 16S rDNA Fr BEKEE 4375104 1 448 Fl1 1 460 bp, fir 44 4 Pseudomonas sp. B] Fll Pseudomonas
sp. DJ, GenBank 35542515 MF001078 F1 MF001079; PN EMEX TEHL A IEALRE IR, 5597 24 h
W BJ Al DI WM SRR BIELEDFN 96.61%F1 97.06%, I ATHAEZR 5% 21.97 1 18.90
mg - L bt (HPANE R RO AE AR, B KRS AE 2R 40505 0.99 K1 1.00 mg - L™ - h's PIAEHk
B %48 NH,” — NH,OH — NO,” —NO5, DI WARIIEZ=YLL NOy-N A+, MBS T BI Fik

(P <0.05). BJ B N,O HEHCE W2 % T DI Bikk (P <0.05),
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Separation and Selection of Heterotrophic Nitrifying Bacteria from Lawn
Soil and Their Nitrification Products Characteristics

BAI Sannii, XU Tianyue, LIU Ying, WANG Xiaohong, and BAI Long"
(Horticultural Institute, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In this experiment, two heterotrophic nitrifying bacteria isolated from lawn soil were
identified by comparing 16S rDNA sequence to homologous species published on the GenBank. The
nitrification function of these two bacteria were detected by measuring intermediate products,
denitrification process and N,O emission characteristics under inorganic nitrogen sources (NH4 -N and
NO5-N). The results showed that the two heterotrophic nitrifying bacteria were identified as Pseudomonas
sp., 16S rDNA fragment length were 1 448 and 1 460 bp and named as Pseudomonas sp. BJ and
Pseudomonas sp. DI, respectively. GenBank accession number were MF001078 and MF001079 for
Pseudomonas sp. BJ and Pseudomonas sp. DJ. The two strains have a strong oxidation ability with
inorganic nitrogen, ammonium removal efficiencies were 96.61% and 97.06%, respectively. The maximum

nitrification rate were 21.97 and 18.90 mg - L' - h'. Denitrification ability of two bacteria were not
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efficient, the maximum denitrification rate were 0.99 and 1.00 mg - L™ - h', respectively. Metabolic
pathways of the two strains can be simplified to a large extent as NH,” — NH,OH — NO,” — NOs.
NO;-N was the main intermediate products of strain DJ, and its content was much higher than that of
strain BJ (P < 0.05) . The content of N,O produced by strain BJ was significantly higher than that of strain
DJ (P<0.05) .

Keywords: lawn soil; heterotrophic nitrifying bacteria; nitrification characteristic; N,O emission
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YEFINLEIEA AN 2 o 5 BFRIEAE L, IR/ BRIk o] LU TEH LS R v DU A HLES A
FEE IR BL A T RFRE R E R R 2 R . O ICIESE, SR /E 25, SRR 5
46 T3 NoO U E vk, JCHACRRYERM b s W] & (Nakajima et al., 2005; Baggs,
2011; Zhangetal., 2011; Chenetal., 2014) o AUBAB IR, FEAbT7BIRFE L3, SRIRm
AR NoO B 62% (EHE 45, 2016) « HURHETIA IR ZHURIRI BIMRE, X — LB
FEREAANS B, (R IR e A R A I EH A S5 .

&AMk, FEESEE. KA KK B R A L H 1 20 KR8 TR R
TR ZEMEWST (Pedersen et al., 1999; de Boer & Kowalchuk, 2001; Joo, 2005; Schmidt et al., 2011;
Zhang et al., 2014) . ¥5e 1150 2 1) Acinetobacter sp. YF T, X8 A A B HIL 92%, HIE NO,-N
FNOs-N [FIRLR, IR AL BES AR, JLF-RERE NOs-N 584K fk (FLig 55, 2011,
MRS T 53 B IE) Micrococcus sp. HB-1 B, EEARMSAHWERNN 49.2%, HERAESAE T KAHAL
REA M (BREL %6, 20100, AR MEE. NERREE. BIEREE. aOEREE. T EE.
AR TR I, ASRE S P B Ao 8 5h SR SR R 22 L Bt TR P 1) BT
WFTCEE I3, WAFIR Z A M (Brierley & Wood, 20015 FRig 4%, 2010; #2#7% %, 2010;
R AR, 2011 BB A, 2017) .

FEIRAG R TP A A I U L 1) 25 3 A AR RERE . WAL R R AR R £ oA
YIE NoO Ny SFAS =W, AR B ARSI A= A AR . oK B A TR K
Psychrobacter sp. S1-1 iALIE FEI 1 BSK M) & N,O (Zheng et al., 2011) . Acinetobacter sp. HA2
FERSAL L FE T R R B NLO G, BN, iR R E/E 13 mg - L (Yaoetal., 2013) o H55%mk
DHREI R ZEAFF AR (Bacillus cereus WXZ-8) 1) NyO F= A s 2 5 FEAR SV AT 0.6%, HOA N & HE
EBAR AR (B 55, 20100 » T ERIMAIEHEREEAZ, IR ED, WMAEREER L
R BRI, FEI RN

PP P AR SR R RIRIA ) AR, AR (KT SRR A R IR A AR ()
A PE, KT 2R DN R R A A, s RIS R A, P B g = A
BCRAT B o AR PR F R B P 15 5 6 A B 8 v 0 108 3 59 Hh SR IR A A B, e T
16S rDNA 45 5 5 GenBank A 3EAT RV EE G B B AT, 91 LLIEHLE N BRI i JEAs 1,
I HTARAL T4 B NoO FIFIBUREAE, itk — 47 e IR i A BN AN [R) 005 A 8RB WA A L3
Rt S%,
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1.1 ik tiE

FRER TR A R 1 B SRR IS FE . (41°46'N, 123°25'E), HEFEEIALY 2 000 m?, 2012
R ORI AR 7.8 ~ 8.0 °C, AEFEKE 700 mm. FIFEAERKEIZ 6 N (4 )
210 FFAD. BEFEHIE R, SAPUR 1016 ¢ - kg's A 045 ¢-kg!, 2085 g kg, Ik
WHE 3 ANIX, SNXIHRCY 2m x2m. 2016 5459 H, MWEENXHLLS fSiEHL 0 ~ 10 em 12 6F +
HIRA R 500 g TFE, 3 /NXIL 3 AN THE. i 2 BR AW o TR i i e 15 9%

1.2 RFHLERS BFIE

Tt IR (g - L) : (NH4)2804 0.5, CeHsNazO; - 2H,0 4.9, NaCl 0.12, K,HPO, 1.0, MgSO, - 7H,0
0.5, FeSO,- 7H,0 0.03, CaCl, 0.3; pH 7.0 ~ 7.2, 7EMUAAEIFRREAPIIN 1.5%3 ik, v s K 8 i 13
NSRS P 7 R AT A5 SR SR A RS 0, T i Ak 4l 23 1

R FEEE (g - L) : KNO3 0.5, CgHsNazO; - 2H,0 4.9, NaCl 0.12, K,HPO, 1.0, MgSO, - 7H,0
0.5, FeSO,- 7H,0 0.03, CaCl,0.3; pH 7.0 ~7.2,

MpEaith 725 WS g TR L H/K TR 2 h )5, B2 mL B3SO ARG R 7R 3k
30 °C. 150 r- min™, F5IEHTPHATIEAL . BUS LS W | mL, FICHKEEATRRERFE (10"~ 10%)
JE AT PR 2 B, 49 B4R

1.3 = 16S rDNA B9 PCR 3 & F00 F

JH-T 16S rDNA PCR 4 ¥4 (#5149 38 F 514 . 27F: - AGAGTTTGATCCTGGCTCAG-3'; 1492R:
5'-CTACGGCTACCTTGTTACGA-3's SI¥HAETAY T Chilg) BhaHRA A G e

PCR 2 Ni4A % (50 pL) : 10x Buffer (%5 Mg*") 5.0 uL, DNTP 1.0 pL, 1E AR5 4% 1.5 pL,
BB 1.0 uL, Tag FEEWESE M 1.0 pL, ddHO 39.0 pL.

PCR W AEFFUIR: 95 C 5min, 95 ‘C 30s, 58 C 30s, 72 'C 90s, 72 ‘C 7 min, 354
PG o SN 56 B 10 e 2 A L VRS, A PCR 47384 v Bedb AT e 20 A o P 239G ik 1 2 )
56 ¥
1.4 EMHETE

O 012G (P R AZEA T o 22 PG, A W AUBE T S B A R T AR 22 [ A 0L, RIS AT 16S rDNA
M y45 R Y GenBank AT RIS X L5 ff 2 e

1.5 BEHBSFHEEERECEENZE

DL 2% 4R 4R T 100 mL [PV RS RN SO AL s 9705, 78 30 CA4F M HIRREIR
Big, VOB 150 r- min . AR 2 h KIS SEROP Y pHY NH,'-N. NO3-N. NO,-N FI#E MRk fE
ODgoo A4 NHy' v NOyWREARE o AR A IR I 0 25 ot L, MR RS IR 56 NH, =N,
NO5-N. NO,-N W ARl th e, o3 B RAR IR e TR A A AN OB ALRRAE . R4 ODgoo 18 HIAEAL
IR AE K IR, A HTRIARAE KRR . NH, N SR B i 2Lk, NOy-N R4t
FEiE, NO-NRHA 1 - Z8IE L e JeREVE, DA IR AR S IR 0 5 0 R, 05 TR AT
600 nm (17} G REAE, NoO KA i A0 e, SR P B ok i R 48 0 2 D' Y B vl 7
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2.1 EMEE

20 1ok [ A B R FE R I 5 19 B P MR e IR0 AL R D) B I A0 1 o A BRI S S IO, R
BT HEAHE, AEH. h— A wtk 2 a6, KT, LgEss, B DA wkERLA6,
KM, UGS . SEM BUREN], PIAERAIILEAR, KN30 (0.7 ~0.9) pm x 0.5 pm
A (1.0~1.2) pm x 0.5 umo

16S rDNA Fi BeAKFE 40731 4y 1 448 F1 1 460 bp, £ GenBank [ [RIJEYE LLACAF S, WA TR AT 218
AT E AR AR, 344 N Pseudomonas sp. BJ Fll Pseudomonas sp. DI, &5 ) MF001078 Al
MF001079. LA H FIER#k 16S rDNA JEF 741 0 KA, 164 O AN AR S IR0 1L BRI 16S rDNA KE[A]
FE), RJH MEGAT.1 ARG R ER (K 1. WNEHREL, HEBIAFEKRZ BRERE
FEFIIK, WA Pseudomonas sp. CCOS 191 [MAHABERR e PIANE AR JE T/ — N8, H
RARE LA TR, AT AN AR B IR IR B

Pseudomonas sp. ONBA-17 (DQ079062)

69
90| Pseudomonas sp. BAB-5627 (KUS67843)

Pseudomonas cf. monteilii (AF181576)
99 Serratia marcescens strain W5 (KU360145)

Serratia marcescens strain DSM 30121(AJ233431)

09 o8 [— Bacillus sp. (DSM8718) (X76442)
[ Bacillus sp. G2DM-20 (DQ416804)

Pseudomonas sp. CCOS 191 (LN847264)

95 Pseudomonas sp. BJ (MF001078)
Pseudomonas sp. DI (MF001079)

—
0.05

E 1 ZET 16S rDNA F5)8 Pseudomonas sp. BJ F1 Pseudomonas sp. DJ B G5 % & vt
Fig.1 Neighbour-joining phylogenetic tree based on the comparison of partial 16S rRNA gene sequences
showing the phylogenetic position of Pseudomonas sp. BJ and Pseudomonas sp. DJ,

and other reference sequences

2.2 BRI

PA(NH4)2SO4 A ME—%5 . CeHsNasO7 - 2H,0 Ay ME—BRIE 1 R IR AL I e b, 24 h P9y iR 77 5%
) NH, -N. SR E K ODgoo THARAL LK 2.

LA Y, BY B RRIG A KA 2 2 h, 76 14 h POBF NH,-N M 103.32 mg - L' &% 3.50 mg - L™,
Xt NHy -N (RS HRIE 96.61%, H AR RN 21.97 mg - L -h', ¥k 416 mg-L"-h'. DJ
BIFITE 14 h P93% NH, N WRBEEFREZ 3.03 mg - L, ML 97.06%, KA iLE %) 18.90
mg- L h', SEER N 4.18 mg - L - b BlEE NH, -N ¥R R R FE BY A1 DI 5 5 2 5% 5 )
) 27.70%F1 25.07%.
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Fig. 2 Changes in NH,"-N, total nitrogen concentration and ODg in the nitrifying process with ammonium nitrogen
WA TRIRI A K = (ODgoo 1) BEES FE aDJ
R s . " . 120 - y=-139.46 x> + 98.73x + 87.425
() 2 EFHE#A. BI AR SRR 2 ~ 14 R*=0.9719
> b a— e ~ N w2 L &
h, ZJEHEAFEEN]. DI BRER SO A KA = 100
s N N N 2 80
{6 h, 6~16h WINIZEEHI, 16 h 5 Him =
Z 60 |
7> o
- S7. \ > = == E’ 40
11 24 h B3R I0R], R TR 2R AR ABJ
. " R A N . 20 | y=-43.631Ln (x) +22.912
HINH, N A OGOC R, 231 NH,-N WK% , LR0sets
FITARK ODgoo AU A 2k (18 3). 43T I, 0 05 1.0 L5
TSN L Y ODsoo
PN B NH, -N S AL i 2 A 58 4 — 3K, - " NN TR
N 3 BJ. DJ ODgpo = NHy -N 7 = R
e + 2. /s =] e
BJ Hﬁ NH4 -N T&FE OD600 iE' Jlxij(lg‘l” ’ ﬁﬁ Fig.3 Relationships between ammonia concentration and ODg
DJ B EH R AE KR, T B Rk KA of strain DJ and strain BJ

18, NH,"-N [k BEAR ALK IS FE NH, N
WS ODgoo (HAZ AL 548 35 TiAH R

PIANTR AR NH, N RO AT 22 5, =)t AH 7. BI W~ 2E ) NH,OH-N
WS B KAl 1.00 mg - L', 10 DI Bikkh 429 mg - L', W& T BI Eitk (P<0.05, K 4).
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Fig. 4 The changes of NH,OH-N, NO,-N and NO;-N concentration with heterotrophic nitrification medium
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AT FE R AN TR RIS 77 25 NOy N, HIRJE B 8575 1N 0] 2 LTH#& %, BI. DI WAR D ILE 22
120 h ik S5 M 3.82 F14.12mg - L (K 4), —FAHIT,

NO;y-N FEfE AL FE R e & 774, B K1 DI WARLE NOs-N 7= B R FAR KX, A B
HAE 6 h WA &, RIGHEANZESRIZEN] (B 4). BI BFRERFE 12 h J5 NO5-N WK TF4G N R4,
117 DI BRI NO5-N 9 S5 Bl A5 15 7= I 18] () G R 3R« REFR A, BY BARAN AL 2 1) NOs-N
WEH 337 mg- L7, T DI Bikes 12,15 mg - L, @ T BT EkE (P<0.05),

2.3 L IED N,O RHERE

PR RRLEAF A FE TR 357742 NL,O, 6 h
W DJ EREE K NoO WA #)] 0.14 pg - L7
if BY BIkAE 10 h ik3] 022 pg - L', 25 {4
R RS E (& 5), BI WRRM R HEBCR 3%
w1 DI ERE (P<0.05).

AR BY SR (LA 1E

PL KNO; R IRM SO =364, A
BRI 2E KAFAE . NOs-NL NO, -N J s & (TN)D
WK 6 P, BIANBEHXS NOy-N 1)
VAR GE S AR, 48 h BERIBARAE, 205K
28.11 #130.84 mg - L™, {HX} NOy-N [{IF %
AT, BRRAEIERE 54 0.99 F1 1.00
mg - L - h'e PIANEHRA KR (ODggo) #F7E
24 hikFiE04, ODgoo fH 24 1.03 F1 1.17,

24

—e— BJ

N,O ¥ BE/(ng - L)
Concentration of N,O

0 2 4 6 8 10 12 14 16 18 20 22 24
Bt i]/h Time

5 BJ #1DJ EHREFFHILTETH NO RE
Fig.5 N,O concentration of strain BJ and strain DJ in the
heterotrophic nitrification process

*P <0.05.

2 JG BT EHE R FrRR e, 1 DI BEAKALE 24 ~ 48 h W52 N RR@H . A EMIEK INZE S NOs-N 1K
DI, RAELRE I R IR RE, NOy-N IREEHAEAR, FEHABIREE N, X
PN R PR A S BE (B4 FH AN

XNO;-N oTN eNO,-N 4 OD,

£ 70 BJ 14 - 70  DJ 1.4
g 60 1.2 s 60 1.2
: £
$ 50 1.0 g 50 1.0
S g g Qc
© 40 0.8 5 S 40 0.8 o
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2 20 0.4 %n 20 0.4
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Fig. 6 Denitrification characteristics of strain BJ and strain DJ with nitrate nitrogen
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3 e

3.1 SFEMILERIR LS ERELEY

N T R IR B S AR, AR R0 SR FH B 38 1 5 7 i DA 358 v 7 HH A S R A
WLEFE BY R DI, AL B T S kA ) S Pl = A B PR e 2 1) e v 1D
O HIER] 21.97 F118.90 mg - L' - h', LRI Providencia rettgeri YL (18.70 mg - L™ - h').
Cupriavidus sp. S1 (1043 mg - L™ - h") LLJ Acinetobacter sp. Y1 (1028 mg - L™ - h™") %4 2% F 1
# (Taylor, 2009; Liuetal., 2015; Sunetal., 2016) #{/&. BJ Al DI &A% SR E AL HE
AL 4.16 M1 4.18 mg - L' - h', B Pseudomonas sp. AS-1 (1.15mg- L™ - h™") H Vibrio dabolicus
SF16 (229 mg- L' - h") [ilfki# % (Suetal,, 2006; Duanetal., 2014) #F. 7070 UF 924N
MO B A R A RE )y, BAE 2 h PRSI, L ZWS WIRRAE 6 h LA Acinebacter junii YB 1t
3 h PRI K (FEBATF 4%, 2009; Lei et al., 2015) #EHL, XnJ A SHEMAETER . A
55 TR ACAE FH R AR AR R A A i Bl B M ISR 35 IR I, B koaE (2003) #RIE IR ALAE F AT i
S RAEAE 2R AN R R S5 AR, BERAASIRIEAR (RS ALRRTEAS IR . 5595 5 W RTA ODgoo (PR FFFR
JE, AR R FREE TR TR AN A I N

AR P, A ERR AL 1 AR 8. AN ERRES 4L NH,OH, NH,OH & 97 WifE
B A R ks NH, 3628 B NOL R 1] P71 3% 8 W IX AN AR BEAT W AL IR 2 56 2 NH, WAL %,
4 NH,OH. 7F 24 h (357 B, WA FRIEH 1) NOy-N IR B @A 1T, x5
Rhodococcus sp. CPZ24 1 (Chen etal., 2012) [iREZE L5, S5 W KK Acinetobacter sp. Y1 (Liu
et al,, 2015) {ERiFRIFEH —HEARNE] NO,-N F1 NOy-N 45 RIFA 2. Ailgt, BI Al
DJ BRI 2T E A NH,” — NH,OH — NO, — NOj%

THTR &b /2 SRS AE F B 24774, BI BEAKRIY NOy-N 7615757 14 h 5 FF%, DJ WHEAE 16 h 5
TR (HEFFERH, DI BRER NH,OH Fl NOy 55 H i) =ik BEAR S, 1M B 2474 NOy-N R 18 5
Frpral =4, BI EFEIN NO,-N FI NOy-N WK M4, BI BKKK NOy-N WK E N 4 mg - L', i DJ
PRiis 12 mg - L, WHESE BY W MGE I SRS AE IS RE T 300 WM &, (HPAS SRR R RS B 70 9F
Ao HICH 3 25, phagh Bk mdk— BT,

PN R AE S R PG R, B2 b S Ak B AR AR I A R a3, XU B R 2%
508 NH, =N 525 55k 40 i 9 B R e 18] P24 . 1X 5 Pseudomonas tolaasii Y-11 [ A [F 454516 (He et al.,
2016) —H. MAELBRIEFE PRI NoOV Ny S5 50U, IX AT RS B A 1 2R N . AR
B UME T NLO [RIR A, A5 IR Hh N 2% 18 N (R B o IXFE A RE AT T MR U1K 2510
32 BEMLIEMNSETY

AR 1) NoO P2 AR AR PRI RS . — Pl RN i A A0 A WA R ok A rh = AR (R R =4 5
P AT R BREAT U 48 SR AL IS 77 4 (Zhang et al., 2011) . HHFSCRM, BIREAELI TS
AR Ny (Joo et al.,, 2005; Zhao et al., 2010, 2012). AR DI BRI L BY B kE
&1, fHE NLO WEELE BY WK, WTREZ N DI bR AR R R L H A A Ny T B8 AR R
N,O, T3 DJ BFET NLO WRJEMET B Btk

A I B0 A W — SR I S R4k R G, BT R DI P AR B RR I 55 K S AL 0.99 1 1.00
mg - L' - h', t Cupriavidus sp. S1 1 Klebsiella pneumoniae CF-S9 ] 8.64 122 mg- L - h'' (Padhi et
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al., 2013; Sunetal., 2016) fKIR% . 784U BJ Al DI WEEM AEALAE I FEART R, fE G118
0 B 1R ST AL BE T A XA, AT BRI S AR A B I BB %, AR b - e B AR A E R R . )
— 51, HAR NoO P AR 2K B AN SO A A R, AR DRAS R 6 oA ) 8103 P A B R s i AL RE )
599, P IFAIE B £ 1) NoO

AARI AR TR P BTG, BRI AR, A5 IR T, PR T S R R 1
TEAEPE . BB P A B S (HL I 20 1 B P P L3 R R A S 2 KL,
SN R BRI R, BT —PRAE. S4h, T I R B A O AT B A v AR
R, I THERNI
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