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Isolation and nitrogen removal characteristics of two heavy
metal-tolerant heterotrophic nitrifying-aerobic denitrifying
strains of Providencia

MA Yongqi, ZHANG Yindi, GUAN Wenping, QI Wenrui, JIANG Yunpeng, AN Liangjia,
WANG Jiali, SUN Likun”

College of Animal Science and Technology, Gansu Agricultural University, Lanzhou 730070, Gansu, China

Abstract: [Background] In recent years, with the expansion of the animal farming scale, a
large amount of breeding sewage rich in heavy metal ions is produced. The conventional
nitrogen removal technologies have limitations in treating such sewage, demonstrating reduced
nitrogen removal efficiency. [Objective] To isolate and screen heavy metal-tolerant
heterotrophic nitrifying-aerobic denitrifying bacteria from sewage and sludge of a sewage
treatment plant and study the nitrogen removal efficiency of the isolates. [Methods] We
identified the strains by observing the morphological characteristics of colonies and cells and
analyzing the 16S rRNA gene sequences. With NH;-N, NOs -N, and NO, -N as the only
nitrogen sources, the nitrification and denitrification performance of the strains, as well as the
removal capacity of ammonia nitrogen in the presence of heavy metals (Cu, Zn, Cd, Cr, and Pb),
was investigated. [Results] Two strains of heterotrophic nitrifying-aerobic denitrifying bacteria
were isolated from sewage and sludge, identified as Providencia sp., and named WS-A and
WH-K. Both WS-A and WH-K could grow in the media with (NH4),SO4, NaNOs3, or NaNO; as
the only nitrogen source, with the NH4 -N removal rates of 84.93% and 84.48% within 48 h, the
NO; -N removal rates of 82.5% and 86.7%, and the NO, -N removal rates of 93.60% and
93.84%, respectively. WS-A and WH-K showcased the ammonia nitrogen removal rate more
than 80% in the presence of 100 mg/L Zn>* and the ammonia nitrogen removal rate within the
range of 56% to 77% in the presence of 1 000 mg/L Cu** or 80 mg/L Cr’*, Cd*", and Pb*".
[Conclusion] We screened out two strains of heterotrophic nitrifying-aerobic denitrifying
bacteria showing good nitrogen removal performance under the stress of five heavy metal ions
and examined their heavy metal tolerance. The findings provide technical guidance for practical
application.

Keywords: heterotrophic nitrifying-aerobic denitrifying bacteria; heavy metal tolerance; nitrogen
removal performance; Providencia sp.
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e IR (1) (basal medium, BM)Y!
(g/L): (NH4),S0, 0.94, C¢HsNa;07-2H,0 12.76,
NaH,PO, 0.25, K,HPO,-3H,0 0.98, MgS0,4-7H,0
0.05, MnSO,4-H,0 0.01, FeSO,7H,00.01, pH
7.0, JAEALES FE L (denitrification medium, DM)
(g/L): NaNO; 0.61 (NaNO, 0.49), HAth ¥ 43 [H]
BM }i ik

FEBEEFEHE . 78 BM RPN
WHERESEE T Cu™, Zn™, Pb™, Cr', Cd*.
Cu®": 0. 200, 400, 600, 800, 1 000 mg/L,
Zn*": 0, 20, 40, 60, 80, 100 mg/L, Cr'",
Pb*", Cd*": 0. 20. 40. 60. 80 mg/L.

WS FRHN 18 g/L BARH 28 i il 44 3 77
B, BEFREESE— AT 121 °C 20 min ZEIK KA
JE .

1.1.3  EZERFIANEE

(NH,),SO,. K,HPO,-3H,0 #l FeSO4-7H,0
%, E2YE ARG A A . AN
I, NGRS AR A F] e, bl
WA AR A5 3345 f - i 7UBE (scanning
electron microscope, SEM), HITACHI /3],

1.2 EHHNEESHIHF

B 10 g HEM S 90 mL LB JE3R IR A,
30 °C. 140 r/min #7255 5% 3 d, B 5 mL J5 38K
ey, HAAEE 3 ARG 1% MRS
B R B b i SR R B A B R R A
30 °C. 140 r/min $522153% 3 d, 4K ODgoo
5 1.0 ZE AT, RV 1% 56 12 218 19 43 B8 1 o
b, EwEULEEAE 3 R BURSE— IS B
FEEEP R TR, LA 107, 107 BBk
Wi RS TR AT TE A S B G R 2 1, 30 °CH5 57 3 d,
TE TR 7% A2 K5 e A [R) 206 R0 R/ I TR 7 7T
Me b EERIZ, HREIRGALR HNAD 4175 .
TE B B AT 5 i ACRE T 09 T AR OB H A 4o
WS-A. WH-K #17HAMFSE

1.3 HNAD EHHLE
1.3.1 HEHBPESFEELEE

PR RN 2 LB #5573, 30 °CH5 5% 72 h,
FRE SRS LA VR JE R W RE A, I X
HEAT R 22 PR 0 o 2 EQ e (R PE S ik -
132 EHNSFEDFLEE

K A R A AR 1.2 et A WS-A
WH-K FHERTEE .

KA4NE 16S rRNA JEHEH 519 27F
(5'-AGAGTTTGATCMTGGCTCAG-3")Fl 1492R
(5'-TACGGYTACCTTGTTACGACTT-3")4" 14 I
¥k WS-A . WH-K £ 16S rRNA 2K . PCR F2 )i
1A Z (50 uL): DNA 4z 2 uL,2xTaq PCR Master
Mix 25 pL, iE. JIa514)(10 pmol/L)4 2.5 pL,
ddH,0 18 uL.PCR [ %51 : 94 °C 5 min; 94 °C
455, 55°C45s, 72°C90s, 30 MEH; 72 °C
10 min, PCR F=#)4: 0.5%E B A EE e L Tk AG ]
S 3R R AR W A R Wl P 25 R AE NCBI
ByE 4T BLAST AHRUME: HE X 20 B 0%
FHEAE 2 NCBI 1) GenBank £04E %, & HoFp
JB 4. PR MEGA 7.0 WEE RS KB W,

1.4 EHRBREMERE

Fie 1% 3R Sl TR %D 2 LL(NH,),S04 -
ME— %I . CeHsNa;0,-2H,0 Wik IEAY BM ;3%
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BRI E ODgoo. NO3 -N, NO, -N., NH,'-N i
JEIF 5 B Hoas Ak 1 RE

Fie 1% P i 8 W% Fh 2 2L NaNoO; |
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Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Ok F | AR ESRESHBTHERAFAHULTFERMLERN D B R A5

4489

100 mg/L Zn*", 80 mg/L Cr’", Cd*". Pb*", LIA
TN R4 B 1 BM 3535 5 R BT 30 °C.,
140 r/min fHiR IR ELLE 7 48 h, & 12 h I E
ODgpo. NO3 -N, NO, -N, NH,-N #J¥& .
1.6 BESHFGE

WAERHAKXQ)IE, RAEERA

KI5,
R=(Cy—C,)/Cyx100% (1)
V=(C,—C))/t (2)

XM : R AEEBRR%); Co: WIHRARWK
JE(mg/L); Ci: AifHf AR (mg/L). K(Q2)
e Ve AR EBEER[mg/(L-h)]; Co: WIHRA
RUSE (mg/L); Cp: ZERATARWKE (mg/L); t:
I (h) .

&1

EHE WS-A (A)MEH WH-K (B)FHRIZFRE. FAHERE A

RIS E IR SPSS 27.0 BEATHN K )y
2530, P<0.05 FngERHEA BEWNZES, JF
Hf#i /] Origin 2022 F 1 i1E . ODgoo FIH
SR EEEIE . NOs-N, NO, -N, NH,'-N,
3R B AN B L N-(1-283%)- & e
JEEEVE L AN R

2 BRS04

21 EHOIBEELS

bk WS-ATE BM B4k E iR AEL A,
DT R A e Al L TRV i RN . B Rk WH-K 76
BM il Ri RS A UBE, RN, H
QYL a2 g2 [CBAE R . [&1 1 SRk WS-A

’

o 2.00 i

SURI00 3,00 kV 200K

4

SUS100 3:00 kV <20:0%" 1

IR WS-A VR IR ()

MR CR). B: Btk WH-K EARIEFRIE (A . SRS EI )

Figure 1

Plate culture and scanning electron microscopy of strain WH-A and strain WH-K. A: Strain WS-A

plate culture (left), scanning electron microscope (right). B: Strain WH-K plate culture (left), scanning

electron microscope (right).
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WH-K 45 miainssEl . st 2.2 Btk WS-A. WH-K B RHELES
WELEIAR WS-A, WH-K BI2EBEFR, KAV REEWMHEE

1 umx(1.5-2.0) um, FFMFARGFEIRLSH 220 ERORFHLER

NCBI, {fi i BLAST JE47 [RIURTE Hoxt . bk WS-A £ LL(NH,),SO4 &R BM 15353k,
WH-K [ 16S rRNA H:[H 55 58 4 siimm PR WS-AL WH-K 4K i AA 2 W A1
(Providencia) (GenBank % 5“5k OR816100 . HLANFE 3 BN, Hidk WS-A, WH-K 7€ 12-36 h
OR98476M)FHITETL 99%, KAl MEGA 7.0 L #EAXSEUZERM, NH, -N kB QR TR, 7648 h
neighbor-joining ¥4 16S rRNA JER RS AT B NHy-N EBRZ31K 2] 84.93%7F1 84.48%,
BH(E 2), #F—0 e FERIHE 4 Providencia. NH, -N ~F¥ EBR#E AN 4.17 mg/(L-h)H

A _34|: Providencia vermicola strain T91 (OR121922.1)
34 Providencia vermicola strain 79C1 (KX495211.1)

42 —— Providencia vermicola strain XCY61 (OP035823.1)
65 Providencia sp. strain L120 (MG049767.1)
Providencia sp. strain KSB34 (OR077342.1)
Providencia sp. strain A (OR816100.1)
Providencia vermicola strain OF6 (MN547624.1)
Providencia vermicola strain D1 (ON430653.1)
Providencia vermicola strain BZC1 (KU984707.1)

99|  —Strain WS-A (OR816100)

(]Dl_ Dawnsiidainnion siauwmaianla atunie CIDT1IY VA TONANAL 1N

78

32

94

v.vo
B 99 l: Providencia vermicola strain AN24 (PP657504.1)
99 Providencia vermicola strain AN24 (PP657504.1)
£ L Strain WH-K (OR984764)
99 Providencia vermicola strain OF6(MN547624.1)

— Providencia entomophila strain KC 23077(PP124582.1)
Y] m— Providencia rettgeri strain JY41(ON810564.1)

— Providencia sp. strain AN32(PP657498.1)

86 L—— Providencia vermicola strain SKRTI (MK 780050.1)

94

[ Providencia vermicola strain BMB-1(MN689842.1)
g7L—— Providencia vermicola strain BAB1(MF276891.1)
Cellvibrio mixtus strain ACM 2601 (NR041884.1)

2 Bk WS-A (A)FEHk WH-K (B)ET 16S rRNA HEEFFIHWEBNRZLER W S5
WA HZME; 355 NIECT A GenBank #5555 FrRL: 0.05 ¥4I £ 5%
Figure 2 Constructed phylogenetic trees of WS-A (A) and WH-K (B) based on 16S rRNA gene sequence.

The number at each branch points is the percentage supported by bootstrap; The number in the parentheses
are the GenBank accession number; Bar: 0.05 sequence divergence.
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Figure 3  Growth characteristics and heterotrophic nitrification performance of strains WS-A (A) and WH-K

(B) with (NH,4),SOy as the only nitrogen source.
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(BALBRE 77%)%, 1A, JLF
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WA, NO, -N Fl NO; -N 22 B33 # Al
SR A FRIF R AR R, )25 TR R WS-A
WH-K 7EHA TR A AR B R 67 7 R i Ak
222 BEHRHFERECIER

i 4 s, LA NaNO; JyME—& 5 DM K5
FrAkr 0-48 h INTE R PG A, 7E 48 h I ODgoo
SKERE ; 7E 12-48 h NO5 -N i R R4 51
82.5%F 86.7%, K ZBRHZEH 1.89 mg/(L-h)
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sp.) ADN-42 [1.38 mg/(L-h)]**, 7E#A1E 55T
rh, NO, -N 5 2, Wbk WS-A 7E 48 h
VA R B e = i 3.07 mg/L, WAk WH-K 7£
36 h M AR B B oA 12.24 mg/L, BLEH B #E
WS-A . WH-K #47 AsfbAE . 4k, 78 48 h
BEEEE] NH,-N WEEBSAH TS, X AT RE2H
NO; -N 2 [al bl 72 AL /E A J5 o NH,-N B

P, LR R b WS-A. WH-K HA R
) NO; -N ZBRAE ST .

WK 5 frs, L NaNO, HME—%& 5 DM
Bigrdhrp, 12-24 h @ARPGEAE K, NO, -N -
WL, EHk WS-A, WH-K i) NO, -N ZH%
7 93.60% . 93.84%, ZBR#ZE N 2.29 mg/(L-h)
M 2.34 mg/(L-h), & B kAR B (Rhizobium
sp.) WS7 14 2.16 mg/(L-h)P" #H# T LA NH, =N,
NO; -N AHME—% &, Wik WS-A. WH-K 7ELA
NO, -N Mt —ZUR i R 75 5L A K A1
AR W BRI NO, -N Al BEX B bk 9 4
K dEEAL 2 E, Btk WS-A. WH-K
e H S IR A A S R i A e, SR ST aE
F &5 RBIR KA FE
23 EEREBFHEAETEK WS-ALWH-K
B Bt 214 e
23.1 AREIKE Zn* & #k WS-A. WH-K fit
E=Ried-i:0pA

BEREPIAR NI 300 Tl i 4 R 40 B
BOER -, AT AR 45 40 M Bt 1 25 A A Tl g, T
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Figure 4 Growth characteristics and aerobic denitrification performance of strains WS-A (A) and WH-K(B)

with NaNOj; as the only nitrogen source.
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Figure 5 Growth characteristics and aerobic denitrification performance of strains WS-A (A) and WH-K (B)

with NaNOQO, as the only nitrogen source.

H 2 AN A KA A P . W 6 i
7N, WEETE 0 3] 100 mg/L 36 B N A9 Zn® % B Ak
WS-A Fl WH-K 9 52 32440 JC .5 52 . R 1,
BE# Zn® W EE 3G, Btk WS-A F1 WH-K [
ODgoo fH U T F#AHY, 1555 48 h)m, XFFRLE
Pk WS-A . WH-K 2 A LBR%H 89.00% . 89.97%,

100 mg/L Zn* il F Bk WS-A \ WH-K Z &
PR BRI Al 88.75% ., 84.60%, R A
KEFRHARI RN 5.474 mg/(L-h)F1 4.683 mg/(L-h);
WEoE W, 1EWE 8 mg/L i Zn™ 30 40 N i
BRSP4 )& (Aeromonas sp.) HN-02 Y2 & 2=
B3R 94.60%%7; 20 mg/L () Zn* W H kK S1 #Y
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Figure 6 Growth curve and nitrogen change trend of strains WS-A (A) and WH-K (B) under 0 and 100 mg/L

2+ .
/n” environment.
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M PR bk WS-A F1 WH-K K7 30 Al & 561k h
S AREPT, Chen ZPTHEFE 2, M LT Zn®,
Aeromonas sp. HN-02 X} Cu" 5 Jinfgek
SEBILY Cu W 1A 5] 800 mg/L i, X i bk
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ZBRA AW WA . SRR — B W
R Cu X SRS AN B A S ZL kI E . 4R
ifi, BRfEAE Cu® Wik E] 1 000 mg/L B, Hkk
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Figure 7 Growth curve and nitrogen change trend of strains WS-A (A) and WH-K (B) under 0 and 1 000 mg/L

2+ .
Cu” environment.
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LM R S1 RS FRALRE ST 2R R B
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putida strain LX1 %} NH,-N LFRFERAL B2,
PR WS-A . WH-K R %F Cr iy s 52 44,
2 CrRIEART 80 mg/L B, BEATHRIRRAL
TR AN, B Cr R F] 100 mg/L
B 5 4 40 i E ] A0 A P AR e e R 25 BR
AEH1.
2.3.4 ANELIRE Cd*xE#k WS-A. WH-K fit
A RERI R M

s T — RS ey, ST g,
e EE YR N B, G B RE AL 5 R
Mk EERY ) 0-80 mg/L (19 CA> X Ek WS-A .
WH-K JJERPERERISE I, dnl&l 9 Fros, X4l
ODg0 73 71124 1.428 .1.109, %31 80 mg/L f Cd**
X L AR B A RE AT, R A M AR
ik WS-A . WH-K 1) ODgoo FIEH 0.49. 0.37,
Y Cd™ % i A K R 2Bk B A i
YER o XTERAH A L BRFE N 82.90% . 80.78%,
80 mg/L {) Cd* T REAFBRHRN 57.63%.61.59%,
BEmT Liu ZP0F5E . Cd™ W B AL 10 mg/L
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Figure 8 Growth curve and nitrogen change trend of strains WS-A (A) and WH-K (B) under 0 and 80 mg/L
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Cr’" environment.
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Figure 9 Growth curve and nitrogen change trend of strains WS-A (A) and WH-K (B) under 0 and 80 mg/L
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Cd”" environment.
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Figure 10 Growth curve and nitrogen change trend of strains WS-A (A) and WH-K (B) under 0 and 80 mg/L

2+ .
Pb”" environment.
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