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1 BRTE 10~15 CFHA @R SR AR AL RE I MR BR D15, 2858, 1 28 1% A O G B {18 24t T
(Pseudomonas alcaliphila), %% 7 & F (100, 150, 200, 250, 300, 400, 600, 800 mg/L), BRIERIAE(HT
B =00, TR, SRR, FIRREN . 2P0, FREE(130, 150, 170, 190, 210 r/min), FiFRIREE(S. 10,
15, 20, 25, 30. 35 C)XEHitk D15 BRAGCRIVFN, 450K, Wtk D15 7ELFFGIR —# hilR . 9046 EUUR 5
HEWRE 150 mg/L . FEREGHE 190 /min, 15 CAMH4F FHEFE, MEA . WARVHANEZRRYIRAT 100.0%. 7
A PR IATERR =4 . 15 ‘C 43 BIALBE 54 h F1 66 h 5, %2 RIS A0 22 R4 5155 2] 100.0%7F1 88.8%.
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Isolation and nitrogen removal characteristics of a low temperature
heterotrophic nitrification-aerobic denitrification bacterium

CHEN Siyu, LIU Jing, YANG Zheng, HUANG Yuanhao, PENG Yingjie,
SHU Zhiheng, ZHANG Junhao, LAN Shile”

(College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: In view of the problem that most nitrogen removal microorganisms are difficult to effectively remove nitrogen
from sewage in winter at low temperature, a strain D15 with high efficiency of heterotrophic nitrification and aerobic
denitrification(HN-AD) at 10-15 ‘C was isolated from the soil of flooded rice fields in winter. Strain D15 was identified
as Pseudomonas alcaliphila. The effects of nitrogen source concentration (100, 150, 200, 250, 300, 400, 600, 800 mg/L),
carbon sources type (trisodium citrate, sodium succinate, sodium acetate, sodium oxalate, maltose), shaking table speed
(130, 150, 170, 190, 210 r/min), and culture temperature (5, 10, 15, 20, 25, 30, 35 °C) on nitrogen removal efficiency of
strain D15 were investigated. The results showed that the removal rate of ammonia nitrogen, nitrate nitrogen and nitrite
nitrogen of strain D15 reached 100.0% under the conditions of using trisodium citrate as carbon source, initial nitrogen
source mass concentration of 150 mg/L, shaking table speed of 190 r/min with a culture temperature of 15 C. After
adding trisodium citrate to pig manure wastewater, the wastewater was incubated with D15 strain at 15 ‘C for 54 h and
66 h respectively, the removal rates of ammonia nitrogen and total nitrogen from the wastewater by D15 strain reached
100.0% and 88.8% respectively.
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KRB B E POl PR ke e TR, PRl 7K
RE TGS, XF A SR A S IR BT R . (2020
SRR EIREDRBC AR ) H5 i, ARG YABIRIEIRY
Bt el /A £ i — . KRR AR R
WCAE P R it Wt Py R BT
AR G KRR K PR IR bRk S A 2R
1Y, WA, (A5 T K AR IR ) kTG 5
AP EN T2 TR . XA, B2
T RERME . AT Es R T, Ea Y
ROy WA E AU S ALV E IR 317, T 2
AR DREMAE WA S 20K, LR AL
VERE R TEAE 2 NS R A T, XTEAR
RBEEE 30T AP U A . ROBERTSON
SEPI B 1 RRSF R R Tk (HN-AD) 4
P RPN G AT A B PS5, SRR E S
JAARe Sy, HAEEA MR AT A S T 1T
B FAEGAYIBRARA, 1 HN-AD & ES08
R RBAR T AL, A AR

AR, AR S Sl A G H il 5L R 23
FER MR IR, MR LK, SR
S AT IR sk ), DR A IR A o 4 2 i
SUBIBRA DR 2 K22 B R T vk o 1R
25~30 °C!"M (A4 F g hoK MRiRLEE (IR T 20 °C,
ALY AE PR32 FR AR RS, BUEA-ZR R K
AR 22, CAWHEE KL Janthinobacterium
sp. M=111"% Acinetobacter harbinensis HITLi7T!"*!,
Pseudomonas putida Y-9!'* | Acinetobacter sp.
HA2WVE R, AIFE 2~15 CA&M FARERK K
FIEA . HASERERA, XRS5
IKBREFRAE T A EAR SR, EENATKERH
TIPS B 1 ARTEARRSR A R AR BR
RMERER A HN-AD Hkk, FIFEA2EM 168
rDNA JPHIIE AT RAN S, FE TR Z Ak
R LR AR, I TR A IR K AU
DI A 2 F5 0 IR K R I R R A

1 #MRISREZE
1.1 #H

2019 4F4%, AR A AR Be KRS L
HErEah

2021 4F 8 A, HilpgR M K 2Fsh ik i 7 5o
FRIEIK  RKERAIER A &R 300.57 mg/L, fi§
BAEGEHN 3759 mg/L, BAFEN 396.51 mg/L,

1.2 FH&E
1.2.1 HN-AD i#ked ihit b5 %

W HERes, SR MmOk, R sk,
EAERFE 72 h; LSS 2 A, I BTB Hiaisk
Oy B AR TR B W R B R FX B
PRI TR 0, K AR A S A
TS AFEAS ARG R R 557 48 h, ME ZUAL
TR AR & &, TR HERR, KiEaE
PR IO e 1 PR AU RE R AR BT AR . FIITEAS 2%
JriEPI 16S tDNA JFFI4H T H ki T 55
P32 fr A= T AR TR M) B Aa RS F 58 o

1.2.2 HN-AD B bR R0 0

AR . WA FREN FIRE IR AR S 28, K
R 8 St 4 35 35 v 9 0RO VR B (100, 150,
200, 250, 300, 400, 600, 800 mg/L), WIFEFIE(Fy
BRR =40, T e, LIREN. TRaEh. ZZE0),
PEIRFEH (130, 150, 170, 190, 210 r/min), 3%
IREE(S. 10, 15, 20, 25, 30, 35 C)4 MHEXF
HN-AD FARBR SRR . B4R a0 R
TR HE R Ak . R R )
UREEFRAAN . REFREPI0G pH7.0 . 0 5% K
FRIRE 15 °C . FRPRSEH 170 r/min 555 48 h, W&
KW EERPEA . WA, WA SRS,
IR RAR,

1.2.3 HN-AD EAka st 2 B K R 69 ) 2

T HRHEZELER, FIH HN-AD WX
JEKIEAT R E, BBEKERE . LUE KRN
X HRAL; ACEE 1 7R PR K R A N2 31 2 R 57
() HN-AD R 7 ; AbFE 2 AR50 1 4R JEnt
AN V%R R = ANVE R . A FRLLT 15
C. 190 r/min #Ri7H¥EFR, EREHE, MEER
A, DA, MEMBASE, HEBREFE.

2 HR5DM
2.1 7k#Et HN-AD EFFRITFEFEELER

PIHALIHIER] 10 BRAED B ISR A G
TEBRER, X 10 PRERLEL SR 2R
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Wi b 4 CIRAE, 43ildm5h ST, S2. S3. W3,
DI. D13, D15, Dl6, D17, DIS,

10 BREREXT 2R L A5 R AY & 225 5 T
F 1, Wtk DIS XTEA . AR AR LR
B, ZHEDIEET 93.5%. 99.9%F1 100.0%;
I, YeRIBEbR D15 1F A e SR @bk

& 1 HN-AD EHRRIBREHR
Table 1 Nitrogen removal effect of HN-AD strain =~ %

W THALERE S JLERE TR LR
S1 (9.0+3.5)d (99.120.0)a (88.1£9.5)b
) (87.3+1.9)b (94.242.6)b (87.8+1.5)b
3 (99.8+0.1)a (96.21.5%ab  (93.9£0.3)a
W3 (100.0£0.1)a (99.7+0.5)a (90.30.8)b
D1 (99.5+0.3)a (98.8+0.5)a (91.9+1.0)b
D13 (0.0£0.0)d (10.6£2.3)c (90.1£0.7)b
DI5  (99.9+0.0)a (93.5£3.8)ab  (100.0+0.0)a
D16 (0.0£0.0)d  (100.0+0.0)a (90.6+0.7)b
D17 (0.0+0.0)d (99.2+1.3)a (88.4+0.2)b
DIS  (28.9+4.8)c (94.0£0.5b  (100.0£0.0)a

RIS ) T B R B BRI 22 50 A e 27 (P < 0.05)

PPk D15 7€ BTB Pl FIERFN], ZFEIE,
MGEETT; WIER/N, RGN . KA G
l-a). HFHEELRER, BERMIFR, K
4(0.29~0.36) pmx(1.14~2.39) pm.

a b
a WA b REAHRBEIMAR0 000 5.
1 ¥k D15 BiEREHR A
Fig.1 Cology and thallus morphological of strain D15

¥ D15 HkkRY 16S rDNA 3 [ ¥4 (GenBank
JF5115- 2 ON088982) 5 GenBank i1 A 40 i
16S rDNA #EA7HX}, &I H 5 Pseudomonas J& i
PRI 16S tDNA JPFIRIJEMER 99%LL b, Hrb s
Pseudomonas alcaliphila JAB1(CP016162.1)[m] {4
ik 100.00%. ARHE T LT L5 ARG R B,
SR VL2, KRR DIS KEE N WE B A I T
(Pseudomonas alcaliphila),

100 D15(ON 088982)
99 E iphila(CP 016162.1)

66 1 3 NR 115922.1)
Pseudomonas chloritidismutans(NR 115115.1)
iS(NR 148295.1)

Pseudomonas flavescens(NR 114195.1)
4m|1'_—pseudomonas argen.tinensis CHOI(NR 043115.1)
95 Pseudomonas punonensis(NR 109583.1)
,__ Pseudomonas mosselii(NR 024924.1)
99 Pseudomonas entomophila(NR 102854.1)
100 ——— Pseudomonas veronii(NR 028706.1)
L Pseudomonas lini(NR 029042.2)
Pseudomonas gingdaonensis(NR 169411.1)
Pseudomonas alkylphenolica(NR 145644.1)

Pseudomonas donghuensis(NR 136501.2)
100 Pseudomonas wadenswilerensis(NR 157778.1)

88

9 P nas sor

0.005
2 #T 16S 1DNA EREFFIEIRMEMENREL BN
Fig.2 Phylogenetic tree based on 16S rDNA gene sequence homology

2.2 HN-AD E#kBI R4
2.2.1 Ak RUREREZAT A DLS IR RAR G0
BRI R A BT R B 4330 100, 150,

200, 250, 300, 400, 600, 800 mg/L i}, Hitk D15
MR AR T3 2, SRt aEA . WA A
VRN 150 me/L i, Btk D15 XM& &, T
B BRI R L BR 3  A B iR KA 96.2% . 99.9%
F1100.0%. BEE VMG AT R B3N, Hkk D15
M2 A . TAE AR AL A L BR BB A BRI,
I, BEREIG SRR AT R 150 mg/L.

®2 WMIRRRERETEN D15 HIBRERAR

Table 2 Nitrogen removal effect of strain D15 with different initial nitrogen concentration %

57 E=N v’ 47 =L 7 =
o g | SRR e meom | DROE s o
100 (94.4+0.2)a  (93.9+1.0)a 100 (100.0+£0.0)a  (100.0+0.0)a 100 (100.0+£0.0)a  (100.0+0.0)a
150 (96.24£0.1)a  (96.5+1.7)a 150 (99.9+0.0)a (98.0+£3.4)a 150 (100.0+0.0)a (98.6+2.4)a
200 (93.1£33)a  (92.143.2)a 200 (96.1£0.6)a (79.2+£0.7)b 200 (100.0£0.0)a (82.1£2.5)b
250 (86.8+£5.0)b  (85.5+5.0)b 250 (50.8+£7.0)b (52.0+5.8)c 250 (88.9£1.9)b (66.3+£2.9)c
300 (75.3£0.6)c  (72.7£2.1)c 300 (36.4£10.9)c  (38.0+10.3)d 300 (73.9£1.4)c (57.4+1.0)d
400 (71.7£0.3)c  (70.4+0.5)c 400 (7.9£1.7)d (2.9£0.9)e 400 (61.1+0.8)d (44.4+£0.4)e
600 (65.9+£0.5)d  (66.3+0.8)d 600 (8.7£0.5)e (6.9+£0.4)e 600 (60.6+£0.6)de  (31.6+0.7)g
800 (50.6£2.9)e  (50.1£2.6)e 800 (0.0+0.0)f (0.0+0.0)f 800 (58.4£1.0)e (35.6+0.5)f

[RIBIAS IR 7 Bk e b B H) 25 A e 12738 (P < 0.05),
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2.2.2 BEBRFPEIT A DS B RACE M Yh R 22 57 W (P<0.05) Yo B UAF IR =4, T
TRRENABRIRRS , TR D15 BEA . AHAFEA
SR N o, T oI 2o OO, R DIS IR, SR A
Ko BRI SRR TR DI KO U R EERFIIRF] T 100.0%. (BREAKITE , FrEmR —4N
) e o AIFFRARERRTE R, SRR, LT
T35 30 AFBRIEXT E R D15 ZEARRIZIER T IBRA 5 = 3 R
# 3 T ERIRIEFFEN D15 HREER

Table 3 Nitrogen removal effect of strain D15 cultured with different carbon sources %
)} AAERE  SBAEBRE el WAEAERE  BRERE el AR ERE BAEERE

FrERR =41 (100.0£0.0)a  (99.5+1.0)a FIERR =8 (100.0£0.0)a  (99.0+1.1)a || FFEER=41  (100.0+0.0)a (93.8+1.3)a
TZE4M (100.0£0.0)a (100.0+0.0)a TR (100.0£0.0)a  (92.9+0.9)b || T —fizth (100.0+£0.2)a (73.7+4.3)b

ZIRHN (23.3+4.9)b  (17.6£5.2)b LR (83.0+4.1)b  (82.3+3.0)c RN (5.32.1)b (6.4+2.3)c
FLREN (0.0£0.0)c  (0.0£0.0)c FLREN (4.2+2.5)d (0.0+0.0)e || HEEREN (0.0£0.0)c (0.0+£0.0)d
EaZR i (0.0£0.0)c  (0.0£0.0)c PR (16.3+1.1)c (9.0+3.3)d || ZZFHE (7.7+4.8)b (3.0£0.6)cd

[ AN ) 7 Bk 7 A B H] 28 5 e T2 5 (P < 0.05),

22,3 JRkAER T EAR D15 M RUE B B HIMIBF] 100.0% . 99.9%F1 99.2%; LkLEHY k%
L A AR A RBR AR B As e,

PR IREE 43514 130,150,170 . 190 F1 210 r/min
N . J=§ LR %o =S B PeBREL;
i, BB DIS MIREGCRINE 4 iR, feibdy o R APEIRRER. SRAEIR, B 190

190 tfmin I, Bk DIS XHEUR . DRVARR AL Tmn Ve
%4 TEEREEFEM D15 MREMR

Table 4 Nitrogen removal effect of strain d15 cultured at different rotating speed %
BRE g pmsms || P acome mmsme || TR o pmsme
(r'min ") (r'min ) (r'min ")

130 (71.2£0.0)c (61.0£0.3)d 130 (25.3+£0.8)b (50.3+1.3)b 130 (59.0£9.4)c (29.0+2.1)e
150 (84.4+12.6)b  (76.3+2.8)c 150 (99.9+0.0)a (98.8+0.7)a 150 (78.0+£2.4)b (61.1£7.7)d
170 (99.1£1.5)a (82.9+1.8)b 170 (99.9+0.0)a (99.3+1.1)a 170 (94.0+0.8)a (88.8+1.5)b
190 (100.0+0.0)a (91.0+£2.2)a 190 (99.9+0.0)a (97.9+1.3)a 190 (99.2+0.2)a (96.8+0.7)a
210 (100.0+0.0)a (88.9+0.9)a 210 (99.9+0.0)a (99.5+0.9)a 210 (98.8+0.1)a (79.0+£2.4)¢c

A ] B R AL B B] 22 5 A B4 2 (P < 0.05),

2.2.4 EFBEATE A DS B RMEGHH SR L BRFREIAE 98.2%, WAHA LBRFEWA 54.3%;
IR A 15 CIE, Bikk D15 BUEAR . WRTE YA
FBRFIIRF] 100.0%, A EFRFBMIL 95.0%; 2
TREEERT 20 CJF, AREIRFF T RS ELEREE
WikEAR; DL, BEEEREIRERE 15 CHHE.

FEIRRE I 5. 10, 15, 20, 25, 30 #1135 °C

B, BIRE D15 BIBRERCRSN T3 5, 2580, 245
FEEEE R 5 CHY, BRE D15 IERCR A 2405
FEFFZR 10 “CHY, Bkk D15 B ERICRAE T g3,
#F5 ATEEFERETEHK DLS HBRRMRE

Table 5 Nitrogen removal effect of strain D15 cultured at different culture temperatures %

WEE/C  ARERE BAERE WREC WAHRRERE  BRLRE B/ C HARERE  BRLERE
5 (23.3+1.3)b (17.9+0.2)e 5 (9.0+3.5)¢ (7.8+£0.2)f 5 (1.6£1.4)c (0.6+0.3)f

10 (98.2+0.1)ab (95.0+1.2)a 10 (54.3£0.1)b (52.6+1.2)e 10 (33.9+0.4)b (27.8+0.0)e

15 (100.0£0.0)a (95.1+0.5)ab 15 (100.0£0.0)a (97.7+0.2)b 15 (100.0+0.0)a (95.5£0.7)a
20 (100.0£0.0)a (94.1+0.0)ab 20 (100.0+£0.0)a  (100.0+0.0)a 20 (100.0£0.0)a (91.2+0.5)b
25 (99.9+0.2)a (92.6+0.0)b 25 (100.0£0.0)a (86.2+0.2)c 25 (100.0£0.0)a (90.8+0.5)b
30 (100.0+0.0)a (86.6£1.9)c 30 (100.0+0.0)a (85.8+0.2)c 30 (100.0+0.0)a (77.8+£2.7)¢
35 (100.0£0.0)a (74.0+0.0)d 35 (100.0£0.0)a (71.8+£1.4)d 35 (100.0+0.0)a (68.0+£2.2)d

[FIBAN ] 7 Bk e b P R) 22 5 A Ge v T2 3 SL(P < 0.05),
2.3 HItk D15 SEEEKHIRANR M2 AHAERRAFIL 100.0%, 5255 T AL
M 6 25 BT LI B R A (52.6%) FIALHE 1(54.8%). BEHISMINTE B GIIE AT 42 5
AT S R L THES, Bt con, g POPR DIS RIESSBUKIREIRAG L.
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BEE B SRR A A AE R, CK 540 1 XA Y
EBRRMR B R . YRR S4 h i, PR AL LR
K 100.0%, (HAEHFE 54 hiy, AP 1 XHHE
(R 22 R B4 T IR AL, BERH B AT RR D15 nfine
AR 25 . TALIE 2 7E353E 48 h BT, 530 rh iy
R EBN, UEI I IR A AT e A
fb. ZEE:FE 66 h, WA LBRFEE T, HENTHE
SRR, RARSET R, AN A
YIIRANFITEL

25 A B 3% R K P R 2R 2 R R B 2 (] 1Y)
FER MR . B9 % 54 h, CK AR 1 12
Rk 2 B 55.4%H1 56.3%, 13RIt IE K
MALBRRTRE, H CKAfERIRE 12h 54 £H
WX EEA ZBREE T, ATRERE K A B A
FIH AR A S A AR e A 2 1A Bk
R T S, KRR E 66 h, DAL
B ik 88.8%:

6 Etk D15 ARERKFHRANR

Table 6 Nitrogen removal effect of strain D15 in pig manure wastewater %
B BRALRE (:EPN SAEERE
I El/n CK ShFE 1 Jb3E 2 CK ShFE 1 Jb3E 2 CK ShFE 1 Jb3E 2

12 0.0+£0.0 0.0+£0.0 0.0+0.0 15+13 104+£22 -164.1+3.5 0.0+£0.0 0.0+0.0 0.0+0.0
24 30.5+0.6 33.6+1.2 26.4+1.3 51.8+£2.9 532+0.7 -122.0£1.8 0.3£0.2 13.5¢£1.3 11.5+£2.5
36 45.5£1.2 48.4+1.3 46.8+1.9 753+23 875+14 -665+1.8 24.3+0.7 30.7+2.6 29.0+£2.8
42 59.0+1.8 60.8+0.7 71.1£1.0 92612 946+44 -819+83 357402 39.3+0.6 48.4+0.5
48 59.5+£0.9 64.0£0.9 75.0+£0.4 97.9+3.6 1000£0.0 983+29 40.8+l1.4 42.6+0.3 58.8+1.5
54 63.2+£2.2 65.3£7.0 93.5+0.2 100.0£0.0 100.0+0.0 948+8.9  554+1.5 56.3+0.8 80.3+0.1
60 52.6+£2.4 54.8+1.6 100.0+0.0 100.0£0.0 100.0+0.0 100.0+0.0 45.9+2.0 53.2+0.9 88.4+0.7
66 60.0£1.6 60.0+1.7 100.0+0.0 100.0£0.0 100.0+0.0 26.7+3.1 51.4+0.5 51.0+0.7 88.8+1.2

3 HF5Te

MAZRIZFEH 3 b oy 2 3] 1 BRAEARIR T HA
S E AL RE T AN D15, &I
WMEL. 16S tDNA JFHIHTEEE, B R g iR 5
fitd & (Pseudomonas alcaliphila), HN-AD & D15 43
SIAEE . HARADERE RN 2R, AR — 8 ik
PR, 15 C. PIARIEEWRIE 150 mg/L. FEARH
190 r/min B5FEAF, XEA . AR E LY
KE|T 100.0%.

D15 X5 K BR ZGR I ZE SRR, Easn
PRI SN SRIF R, KB 48 h i, MRS ALBRR
A[ik 98.3%; K 66 h Bf, XA . BAEERRN
A3 R3] 100.0%7F1 88.8%, i A4

MIREGLE FoR T, Hkk D15 % E ik & A M
WA BRI 20 . 7ERIAR TV B =ik 800
mg/L B, Ttk D15 X2 A . iR LBRRIA 50.6%
1 58.4%, 1M bk N3USIZE Rl £k i i vk L 80.0
mg/L BF, BRAECREE FFE; wivk YN3U I Ea Ak
R IRH] 200 me/L B, A LBRFA 2.0%,
XRIATR D15 7EAb P R e B 5 RUR K IR 4
T 1 R

SR ATARME L & TR AL FE 2 17 A A(DO) %
P, I E S E A KA ARUERERY s i
I AT R S s fhad R B T AR
o, CUEEHR 130~190 r/min B, BEE ARG,

Wtk D15 WBRARMEZ St YT 2 210
r/min B, Btk D15 BZE . AL A RN
HxaE, BEERRIEA TR, X5 ZHAO %P
AR BB PGS RARL, (R RI R IROE AR
BAES, ESLbRN R AT RS 24 DO
{8, JREMRFHE YR, DMERERA RN A

1E 15~35 °C, Fkk D15 X2 A . WA LS A
BRI L HARAFLE 100.0% 9 5 K- o 248 T
% 35 CHEEHE D15 FEAFR AT S A LBk
HRER 70.0% 47, AT TARRREE T 2O R R
Hi B L2 R ZE R A, S SRR K 10 °C
B, Bk DIS MEALBRER TIHIRET
Pseudomons sp. M—33PY Y& R bR % . S
GK—01 ., Jiti [ EAMITE SC221-M , AT HN-02
SERSVORAN, FRR D15 SR BE AR E NS .

FEAL B ZE K (e rh, I INAT R =40
J&, FRE D15 MBRERCR BT, LRSIk IR
TR A IE ) C/N . SO AL A S AR/ T A
T R R, MMEETH B RRAE K TR BR A e
Gy, wsE s S HERED—5, HEtk DIS
KGR R S Tk GNRPY, BoRE#E D15 78
I PR R A L R AN Ve R .
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