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AATIZIT AT &, RIBEEHEA. AHANBEIER 16S IRNA L E 5769 4 it ekt A7 it
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MR %A 98%; FIiT Y & NO; -N Z4F B R AL A LR A Ny FRESM THATT AAEA,
12 NH,-N B AL 23.7%, BRARIE R R R ., [45445] 65369 & 6 R Rk 4k 5F 78,
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Identification and nitrogen migration of an ammonia-oxidizing and
deodorizing Bacillus
SHEN Yan-Jing RAO Li-Qun REN]J ie"
(College of Bioscience and Biotechnology, Hunan Agriculture University, Changsha, Hunan 410128, China)

Abstract: [Objective] To get a deodorizing bacillus of high efficient ammonia degradation, and to
investigate the process of the nitrogen migration of the strain. [Methods] An ammonia-oxidizing strain
was screened in a self-designed screening platform. Colonial morphology, physio-biochemical tests and
16S rRNA gene sequence analysis were adopted to determine the phylogenetic position of the isolated
strain. The nitrogen migration characteristics and process of the strain that cultured by NH4Cl as the
sole nitrogen source were investigated by using the chemical detection of NH4 -N, NO, -N, NO; -N
and gases under aerobic and anaerobic conditions. [Results] A high efficient ammonia-oxidizing and
deodorizing strain that has the characteristics of heterotrophic nitrification and aerobic denitrification
was screened and identified as Bacillus coagulans. Under aerobic and anaerobic conditions, the
NH, " -N oxidizing rate of the strain RICC-03 could reach 98% and 23.7%, respectively. A small amount
of N,, not nitrogen oxides gases, was generated during the experiment process, under aerobic
conditions. [Conclusion] These results proved Bacillus coagulans had great potential application in the
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FEEA . LR S H AN R BERR N R AE
Hh AR E . AGAIRE S i, £
Yk A E ARG 21T AL, dep i E )y
i RIS YEERR R, BN SR B A
Hagtrz—Pl — ANy, Ak e A R il
fead ek BRI H I, miAs /e 3% h B 35
AL R e . ARSI R, W5 e B e
Yrige e TR A E R, ARSI A | 2T T
FIER R Ja R BT T e A R K
W | EFREORAL, SRR, TR
FUFF R H A R R PR EETaite:, A A R
PR RS I IGS . H, SR R B R
Yy, JCHZEAFT R OB T R R R o Rt W iy A
AN HAT B S A A (A S B

AT A FRAE R A A, SR A
AT BT (0 R 2B A Bk R T 7 18 1 5 (AR P 43 573 S
K3, WTEAY . AHAAERR . 16S tRNA 43
TYE FHOR T BORTS — bR = 2% NH; (9 2 fl AT
W [RIHIFSE T L AR E T NH WK R AR
R R MR, DI TR E R AL & B S
H NH; 3], T 2 R0 KBRS ISR FIEL
AR,

1 AR T

1.1 ##

1.1.1  #Efm: SEE T RS R AR TS 2R 20
BT

112 HEHE: (1) I IREMRS)Y,

(2) BRI . AL REL PN 2% ER
1x10° Pa K% 30 min.

(3) REITHEFEIE(g/L): NH,CL 1, H#i%hE 1,
KH,PO, 2, pH 7.0, 1x10° Pa K% 30 min.

1.1.3  EZEF]: DNA IO &, KRAEY) T/
ARAF],

1.2 7%

1.2.1 REERIFEFENDIE: FRIULE. #15
BT EE 10 g A A BRI R Y 250 mL JCR /K
H, F 80 °C. 150 r/min /K% 20-30 min. F4£: 10
FErp R R A T B Al =, F 37 °C
Hi% 24-48 h, PREEEARFEMILHA R R T
srEaifte, HEMEST R4,

1.2.2 PEEMRIFRITEAOTEE: KBiHEm 2] al
PR =G AR R AL, 37 °C L 150 r/min K55% 24 h,
B 18 mL V& ARAF A, T 6 000 r/min 5.0 10 min
JE 2 FIEW, MJCEAKBEA 2 LS, JFHJCE
(1 1.5% 0 % B ORAE AR % 18 mL., FNA
1 000 mg/L 94K 2 mL {RE39%5], PREALEA
20 mL IR SO mL Bebfrr, 3 J2ANETIERHE
R S5 B WEE 1T 37 °C 8535, 12 h [ NG
TR B o A D R S 2 B o s VAN TR
W SRR AR, ARER=(
WS e B — S 6 A R AR, Hh A MR )/ 1 AR
WO b 2R BE < 100% .

123 BMAENEREBENLET: KAV
i, 37 °C K537 24 h Ja DG WS WA I v FH TR
WL RS E HES I (AR R R 2
T OV WA RGeS T VAT
124 SDFEMFLE: 16S rRNA KK 514 R4l
EE S 1Y), 53 92 27F (5-AGAGTTTGATCCTGG
CTCAG-3")F1 1492R (5'-GGTTACCTTGTTACGAC
TT-3"). PCR W iAZH: 10xBuffer 5 uL, MgCh
(25 mol/L) 3 pL, dNTPs (5 mmol/L) 1 uL, Tag DNA
B4 (5 UuL) 05 pl, 27F Fl 1492R 314
(10 pmol/L)4% 1 pL, ik DNA 1 pL (B 1 uL AL
K F 2 FIXTER), #b ddH,0 % 50 pl, 47 15 55444«
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95 °C 5 min; 95 °C 1 min, 52 °C 2 min, 72 °C 3 min,
30 MEFA; 72 °C 10 min; 4 °C fRfF. ¥ 1™k
A T A TR BRA BIHEA T, K 8
5§ GenBank FF[1J 16S rRNA H:[X 741 Ef T BLAST
IYBTHEAT . T MEGA 5.0 % bR FHAR S AR
(Neighbor-Joining), 4% 2 GE ik AR AT 2 AOATF 8
HEATRIA S, TR0 S 4R 32 0 i A Bl AR U
(Bootstrap)>k7 1 000 X .

125 REIBIRE: (1) HFAFMFTEARIEA
5. NHClAME—RIR, HaPAE—mIR, K
HEFRAF RICC-03 FERIFREL 2 481 F 100 mL &
KBRS, 37 °C. 150 v/min #5555 24 h
BTG AL . FEE 5%IE AL, 6 000 r/min VUK
L 10 min, HUICHE R JCHR/K A, it 2-3 K
JEHERNT 100 mL K AR TS5, 37 °C.
150 r/min $EPRRESE 24 ho B3P 4 h BUEE, &
NH;-N. NO, -N, NO; -N AIA=<, Hick.

Q) REFMTRRIHRE: ALRMEHY

BRI 1.2.5 ()RRRBOTARR, 5l s
FIF 100 mL KA RITHIGFRE D, hEsiE
AN H, RE AR, 37 °C HrEdEsc
24 h, R 4 h BURE, &0 NH,-N . NO, -N . NO; -N
AR, JFds.
1.2.6 #75%: NH,-N. NO, -N, NO; -N Fl i
RATN)Z IR 9 FCaR) etk | A FIaR 2ot
FEREVL . AN R RN I B R A TR
I W E = are X /LRt Qs W (e ek 241N ol
ARG ASEEAR, #FRE DR 200 °C, FF
Uit S mL/min, 3h0itbh 4:1, HEARE 40 °C, TCD
Kl &R 200 °C, HIJE 40 mA. SRR
HP PLOT 5 A 4»T-ifi BANE G iEHER Ny A A
AACE YT e, WOR AR 2 B UM B
(GC-2010)RM 5 1

2 GRS5ah
21 SHMFERFRRERETEHIE
1 B ARAT I AN [R) 25 AR 2 TR an R 1
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ARSI SR O - 5 i S ah B HEAT T et
Foes AR BRI T TR L . VR, &
BAUR, XFEHERR TR IR P B A R R Ay ek
PRI SRR IR 5 R R R 2 W 0 S e
B, 1 0 P 3 e DR SRR R BB T N
SRS AR o LA SR e A AR I 2 SR
AR R 2R

H %R 1 AT, RICC-03 7E 12 h (WX SR
Hiprm, R8T 89%. Hik#EE RICC-03 1EMEEHA
BT A
2.2 Btk RICC-03 MR B A REERS

PR RICC-03 7EIlEE h AR, BBt HE
HI, ZEME . RO R SR HAE R R, VAR
T I, RS O RFAEH, FAARE
IS WE 1 FiR.
2.3 HEFk RICC-03 IR (L& E

Bk RICC-03 (23 Ak S e 2 fr
No LREIEAFER, 5 (AARRMEYE TN
WO ZETRAT B R 0 R 6 B, 5 S R T
RICC-03 J& T 2f ftl T s & (Bacillus sp.) .
24 B RICC-3 N FLEERRGELBMR

EiFk RICC-03 1 16S rRNA K444 By K
J°M 1 421 bp, GenBank %55k KJ466151.1,

*1 AEFETENESERER

Table 1 The ammonia degradation rate of Bacillus
IFEE AR
Isolated strains The ammonia degradation rate (%)

RIJCC-01 56
RICC-02 32
RICC-03 89
RICC-04 85
RICC-05 42
RJCC-06 78
RJCC-07 79




Bl 1 E#k RICC-03 METERAS
Figure 1 The colony morphology of strain RJCC-03

NCBI BLAST 7 #f & B 5 84 % b Bacillus
coagulans B AR Ry, I5% 99%. RGLdEb K
Bt R, 25 Bacillus coagulans 3 h—%,
M5 Bacillus J& i HA & 73 T (& 2). 45ia
RICC-03 JEAZ=ER | AEMA AR5 0T, AT L
WA E B AR RICC-03 %L 2 f T #i(Bacillus
coagulans),

2.5 B RICC-03 HAREHIAN

251 FEEFHTRRIBIEMFS: FEIFE%
T, DL NH CLYE A ME—BRIE, 4¢Htk RICC-03
R F TR AL, HERNE 3 s,

100

100 |

0.01

2 EkE RICC-03 T84 (L4

Table 2 Physiological and biochemical characteristics
of isolated strain

i

Characteristics Results
B RYL(E Gram stain s
iz Moveability 2+
37 °C A 37 °C growth +
JRAAK Anaerobic growth +
S fLHE Oxidase ¥
AL S Catalase +
HIJELT Methyl red +
V-P JllE V-P test +

FERKAR Amylolysis _

W[4 Produce of Indole =

HAJKWAL Gelatinase -
e+ Bk - B

Note: +: Positive; —: Negative.

Hi /& 3 AT, TERK RICC-03 XF NH,™-N Ay bk
REAR AR AR ER I KR ALR, 24 h )5 NHy'-N 1)
FEffRIAE 98.7%. MR Am it fe, il
FEH NO, -N HFE 12 h (BB AT $ieA: K490 b0
PR AU (0.06 mg/L), 24 h 5 AREER . AR
A B R 8 2F FRT T A R bt A, Rt
5 A ZE AT TR A 2 AT TR A TR 5 A 4R -

89 Bacillus licheniformis XJSL4-4 (GQ903413.1)

EBacillus atrophaeus NBRC 15539 (NR112723.1)
100 Bacillus amyloliquefaciens D10 (F1009402.1)
Bacillus subtilis JAN-8 (KF453784.1)
Bacillus coagulans NBRC 3887 (AB680156.1)
Bacillus sp. RICC-03 (KJ466151.1)
Bacillus coagulans NRIC 1527 (AB362707.1)
Lactobacillus curvatus NBRC 107129 (AB682464.1)
Lactobacillus casei 090 (JN560917.1)

B2 E#k RICC-03 SLExEHKET 16S rRNA EEFFIMENRE L BN
Figure 2 Phylogenetic tree based on 16S rRNA gene sequences of strain RJCC-03 and the references
W TSP SERITIILE GenBank HIWF41S; 5 IR Bootstrap {H; ZIEE 0.01 R 78 w22 {H.
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled data sets. Bar 0.01 represent sequence divergence.

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



1238 A %8R Microbiol. China

2015, Vol.42, No.7

N
n
(=}

N

(=3

(=}
T

—=NH,/-N 405 g
~&-NO,-N {04 §
--&-NO;~-N 0.3

(=
S

NH, "N, NO,-N, NO;-N (mg/L)
7
(=)

=
50 —®—0Dg, 0.2
& Jo.1
0 == = ke it i - S 0.0
0 4 8 12 16 20 24
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Figure 3 NH,'-N oxidation of strain RJCC-03 using
NH,Cl as the sole nitrogen source under the aerobic
conditions

S fitifead el kAl WL, #ikk RICC-03 REMSLE
ARSI A ME— B IR A5 T R A NH,'-N, AR
P Wehrfritz 25 M0 5 3% 04 10 A0 38 B8, T B
RICC-03 HAT AR LIE .

Btk RICC-03 TE4F4AMS b firh, TN VR
253 mg N/L [ % 241 mg N/L (BIFhARARBH), TN (1)
W 12 mg N/L. T TN B/ F 22 i
WIAE LTSS A R R A i S Akt R, o
SARZSH TR, TR AY IR, i
W TN AU A 8 T Noo RS A SCHkARGE, X
AR FHZ =4 Ny J& 28 f R4 NO B N,O £
U, BEA R R T Ny, HA R
0.2 mmol/L. ULING: 5IR] hy 2FF0FF 1T e il B 2 1
FPE SR AE L GARRITY, T2 55 25 A AT e iR
J A A 3o 7 v e R A e A A 1 R T A R R A D
FEVEAT, LA NOs -N R SNE N T2 AR T 1]
IR, L2142 2 AN AN 32 B T 7).
WRULHIKT, TERE RICC-03 /N W] BEA7 2 S8 ST fils ek
W5, TELFE ST, NH; WK NH, N 28
SfEVER ™4 NOs -N, BJE/ it NOy -N ifJ5ih
NO, -N, H-7EJH Fhis MRk if IR/ L N AE R
HLF32 0k, SRS L BRR N Na.

BEAh, BN AR NH, -N #1248 mg/L
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F% 2 NO; -N ¥ 1{) 212 mg/L, N #i%k 36 mg/L,
R4 B N, PR Y 12 mg/L (9 N, D314 24 mg/L
(1) N EEE A Y AR FY A M 254 4 B
— RN N SR 12.5%8, TR RLEESS 2590
FFRE T HEIREZ N 0.192 g/L, & HEIK 90%2K,
IR B FRIEE 25 ZEAAT BT E R 1.92 /L (24 2% T
FARE). I 3 ATAL, (RFR P ODgoo i 0.25
A 0.75 EAGERZR 0.5), B, A,
RS AT R ELA R I R R A R

25 LRk, BEAS ZEHFT I RICC-03 HA [R5
FEm -t b IS, ELRSTRRE s, X AR
U HbFR R T L ZF AT R RICC-03 =l bRz bR R
JEER o T A DL AR SE SCIkAGE , PRI A 5 1Y)
FFE A AN A
252 REEFHTERIBIRAE: AREAKET,
DL NH4Cl R ME—RRIR , 48Rk RICC-03 AR
R AR, SR NE 4 PR,

K 4 AT, Btk RICC-03 TERA M4 T xt
NH, N FIREAf B i /N AF 8 2k F, 16 h 5 s
TR, BLE NH, N BE#R0h 23.7% (U
AL T R AN 98.7%). HAE] NO, -N R Hi3R
BB R, DRI Al 32 A K™ SR S,
I GRTE RS AR 1) ] s AR R4 ) 3 A R R

~ 250 11.0
Eﬁ 109
;200 ' —=— NH,*N 4 gg
-—&- NO,-N 10

2 150 2 106
z —A- NO,-N 05 &
~ —&— ODy, = 1 g
& 100 | 0 w04
Z. = 103

o o g/

Z 50% JJ— Mo A----A()2
= - 0.1

4 coBlomcng (). ()

4 E#k RICC-03 REFKHT NH,-N HEMNHIFR
(NH,C1 A E—T5IR)

Figure 4 NH,-N oxidation of strain RJCC-03 using
NH,Cl as the sole nitrogen source under anaerobic
conditions
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24 h J5, FWAARZR RS I B AU
A SCHRATOE , AR SR AT IR . AR AL R Ak
PEZERIFFE, AR A SR TR M i ™, A
AR A BUR AR T 2R E R AVERT, AT A
AR RN AW UE. HERR RICC-03 TEPRAE SR
PFRARHBIZIG, iR AT ReE, IR NAE
TEJo B R R 0 Il , HZs S IR R FEA TR K
MISCHR, THAERBZ , HEREMEBOR, SO tefEH]
HisB !, 1 4 i ODeoo IZEIETEBURT LI 1Y, 5k
SE AT AP P YA KA 22, ODgoo 4
HAY 0.1 (BFESM ODgoo UMY 0.5), PHILHk
RETHAED, BRI ERIA I RIS AR, X AR YT
H AR T BELS AT TR AE DA AR T SO A/
AHIREE AR A, TR R th A A AR
EH R,

WA, BEASZFAUFT R a8, 7EDEIR
BT o8 A K Ry [Fy - AR LR, S A # A=
R BT LR Th RIS, IR pH HI)h 8.0
W22 5.5 Jed (I TP RARER) o AR A0 B A KA A L
BEHEVE R pH 2 Pl S v e s P02, 1A
ZRIGPRMEFREE I T NH,-N (RS RSt A e
HBAHSCREG M, X UL BEAS 2 AT R e K AP
TREAPERTSS . ROREAYE AN BE B AR A 1
FRHNZ —.

A DL A 2 A BE L 2R AT R AE AR SRR
A E A , RIS 0 SO ARV E T

3 g

(1) MABAC AR TR0 & PR AR — bk e
R REELE ZFAIFTE RICC-03 (Bacillus coagulans),
FEREfprad F- Bhm T i - R A R 7

(2) BEZEZEAMIFTFIE RICC-03 EIFRSAMT, &
1L SEIRI A - R A AR AR NHL N Sl ek
TERRER B, 24 h [FARE N 98.7%.

(3) BEAEZEAIFTEE RICC-03 TEIRE ST, &
SIS R NHY -N SRR ES , 24 h Ff#
RN 23.7%, AHA DB B S AR A
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