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Effects of FesO,4 on the denitrification performance of
Pseudomonas stutzeri

Shanshan Xu, Jindeng Zhou, Chendong Shuang, Qing Zhou, and Aimin Li

State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing 210023, Jiangsu,
China

Abstract: Biological denitrification is the most widely used technology for nitrate removal in wastewater treatment.
Conventional denitrification requires long hydraulic retention time, and the nitrate removal efficiency in winter is low due to
the low temperature. Therefore, it is expected to develop new approaches to enhance the denitrification process. In this paper,
the effect of adding different concentrations of Fe3O4 nanoparticles on the denitrification catalyzed by Pseudomonas stutzeri
was investigated. The maximum specific degradation rate of nitrate nitrogen improved from 18.0 h™ to 23.7 h™ when the
concentration of Fe3O,4 increased from 0 mg/L to 4 000 mg/L. Total proteins and intracellular iron content also increased along
with increasing the concentration of Fe304. RT-gPCR and label-free proteomics analyses showed that the relative expression
level of denitrifying genes napA, narJ, nirB, norR, nosZ of P. stutzeri increased by 55.7%, 24.9%, 24.5%, 36.5%, 120% upon
addition of Fe;0,4, and that of denitrifying reductase Nap, Nar, Nir, Nor, Nos increased by 85.0%, 147%, 16.5%, 47.1%, 95.9%,
respectively. No significant difference was observed on the relative expression level of denitrifying genes and denitrifying
reductases between the bacteria suspended and the bacteria adhered to Fe;O,. Interestingly, the relative expression level of
electron transfer proteins of bacteria adhered to Fe;0,4 was higher than that of the bacteria suspended. The results indicated that
Fe;0, promoted cell growth and metabolism through direct contact with bacteria, thereby improving the denitrification. These
findings may provide theoretical support for the development of enhanced denitrification.

Keywords: Pseudomonas stutzeri, Fe;0,, denitrification, iron transport, label-free proteomics
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Health Organization, WHO) #1514k /K Fh il i h
Ve BEBRAE A 50 mg-NOs /L, F8 % 10 mg-N/LP,
I Ah O3 A T5 K A BT IS e W HE R AR o
(GB18918-2002) Yl —2 A FRifE K B (Total
nitrogen, TN) ¥&JEA# 15 mg/L.
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HREA FesOq I MG NI $2 5

H T, FesOq X Sl A0 i 25 P 1) 5 e S oA
BUTI 82 . AR 1) R A A4 & b 4%
TN FesOq A4 K JIURL 1Y 7 2 78 5 X it FG AP B e TRT
Pseudomonas stutzeri i fb it 2, BFEM
Rl I 2E R L R AE RO L A
1L 55 T RE R ) RGR A, IRTT FesOq X
P. stutzeri RS AL L FE (RS AL, Sk RCAH AL R AL
FOR T R P R 1

1 MBEFE

1.1 KE#sw

ARSI i FH B it I AR R T ATCC17588 1k
TR 1 A P B R R G N
K Fes04 (20 nm). £158K5 (8000 H) My [ ¥
& R AL B A IR A A R R 2 v i W
(PBS) 1ty A VLI ILEEA: W H AR B A R ] o
1.2 EHFE

LB WG FRHE : W A 5 A YRR A R
o], AERNTEAERE RS, 121 TR K 15 min,

SRS AL R 37 3L (g/L): CH3;COONa 3.086 .
KNO; 0.619 . K,HPO,3H,0 4.78 . MgSO,-7H,0
0.2, KH,P0O,1.24 1 1 mL & IC KIEW -

i B L E W (9/L): MnCly6H,0 0.03 .
(NH4)6M07024-4H,0 2.00 ., FeCl,-4H,0 1.50, ZnCl,
0.05. CoCl,-6H,0 1.61 1 H;B0O;32.86.,

BT R 2 R e B4t , BR KNO3z. ZnCly .
HsBO; W H [ 245 £ Bl 4k % i 55 A BR 2 A
MgSO4-7TH,0 W H P4 B b= Iy A R A vl 5 HoAx
¥I B mE s Ak 2E R A BRA A

1.3 KWAHE
1.3.1 HEMeEL
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BERDEIRE, BT 37 'C. 200 r/min MR IR R
FR P EIRIR G R 9% B35 10 h 5 (ODgo=0.8)
(A TRV A T SR A 256

% : 010-64807509

132 REEMLEE

1 mL FRE SR AT B BRI FP 22 100 mL TC
RGeSk, YT P stutzeri W) SRS SE5G

M LICHLBUR I XF P. stutzeri JCASIL A
W, 7ELLNARZR P ESLEK: . 4 000 mg/L FesOq+
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P. stutzeri (Control) . A if — 2 5% Fe304 Xf
P. stutzeri HYFZMA, [] S A AL AR F a3 m A
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1.3.3 U BG4 TR -SRI 40 B8 ) B BB R AE

RGN FesO, WM THEERITHE, ¥ HiE
WED, SRR ANE (Fes0,_S), IR HY
FesO4 SUNRIR AW PBS REZIEVE, 155K
T8 (FesOs_A)o FH 2.5%)% — P X B A HEF T [ 5
1k, 4 hJE&E.0, H PBSEME 3|, £ K. A
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K2Ww, B, ERERET 11 OB B
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R 15 min. e Ja b A TR R IR IR TE SR A |
B T80 CUKFER RIS AR IR TIRHLT, HEa
o TR R TEHLAR TS .
134 BEAORSENE

A ECR ] MM 2 (Bicinchoninic
acid, BCA) &Gt &5 1 oo vk B R & e o B
—ERFRA TR , ) e P B RS KK i v i
Franmeiie (S 400 W, W5 1.0 s {5 1.0 s,
15 min), BYFEJS 4 °C . 8 000 r/min &5.0> 15 min,
B EIEW, 2 0.22 pm U85 ik
REEAEIE,
1.35 AT REE: B A S il AL E SR B R ik

4 EIRARRMA R KR 12 h 5 B AR TR G
BT E B, 0 °C .8 000 r/min B0 15 min,
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17, FIFSER %62 5 PCR (RT-qPCR) l5E g
S A xSRIk, A AEFRIC (Label-free) &
S VA O B A AR N Rk

RT-gPCR [ 3 7E ABI7300 B¢t E & PCR
R T, ¥ 3 RER S, HAYREE K&m
® 1R, RMIEFR 20 pL, £33 2x Taq Plus
Master Mix 10 puL. Primer F (5 umol/L) 0.8 uL .
Primer R (5 umol/L ) 0.8 pL, cDNA 1 puL. ddH,O
7.4uL. PCR W 95°C 5min; 95°C 30s;
Bk 30s,35 AMEFR; 72 CHEMH 1 min, R 2744
EATHI R, —AAC PTARHE LU A KI5

AC=C (HAREER)-C, (NS 5EH | 16S IRNA).

AAC=AC, (BEH2H)-AC, (¥ HR4) .

Label-free Wi AR AT . MAE b iR E2HUER
F, I BCALEREH WK E; EHBRE+ ke
JHE At R B 3R TN s Tk i € S HEL UK. (Sodlium dodecyl
sulfate polyacrylamide gel electrophoresis, SDS-
PAGE) 73 #r J£ PP A il o 2 15 A4 5 5 22 52 0
TR s KRR AR A R FRE G PR AT O D e B A Ak
PR, RRASRE L A I R R AR T (Trypsin)
BEEAR , AT WA RO IR BEE T s BOAR R RE A E
1 LC-MS 434 .
1.4 SHAZE

CPRAR . ERHERAR . AR AR A I 26 FH s
HJ/T 84-2001 7 (33 (1CS-1100 8 T34,

*1 BREBRRYIEIY

Table 1 Target genes and primers

FEBR K, SE[E) . ODeoo il 1L WFHRIX (Multiskan FC,
FEB T, EE) M WP Fe* I Fet R
HJ/T 345-2007 4% FEMutk b (i 2 Y o5 140
FELA Ak S5 R U B RS S B AR R R O
AL (ICP-OES) 5 4t 4 £k 75 1 .

i/ Uniprot 48 2, M3 % {4 Proteome
Discover 2.2 #1748 FE LR 1 T 5 0 , THRE— Ui
TEAH OG0 IR B s T AR, AR o v A U B B3
BBy, # e, @il 84 InterProScan #E47
GO Uil f%, Wil KEGG XK [ ik 138 i 4
Bro I SAS 8.0 FFuEFTHLH 2 Jy 2250 b )
Pearson AHICHE 437

2 HER5AW

2.1 FesO4 3 RLAH 4 13 72 BY 22 1

ME 1 o] IFH, 15 P. stutzeri 2§ fb 1A
RAH N FesOq A S5, KR PRk
A CMRERLL K ODeoo # 52 B HY i A2 fL 218
JE AP 1 . FELIRATIN, LR E RIS R
ARV BE R TC W] W BEAR, AR AERIRZE . M 8 h
i, MAEYHEAPGEAERK B, itk
AR, fSRRER AW BRI, 12 h B FesO4 1A
Z R R R A B RS AR S, 16 h B X BE A Al R
bR/ W56 4 B, A SR AR R A7 5% 4k 20 mg/L
i R £k 4 o

Target genes Primers Sequences (5'-3")

napA napA-F GCGTCGCCTTCTATGTCTCCG
napA-R GCCTCGCCTTGGCTTCTTC

narJ narJ-F ATCCCGCTTTACCTCGAATACC
narJ-R AAGTTGACCTGTTCCTCCTCCC

nirB nirB-F GTTCTACCGTCACTCCGCTCAC
nirB-R CCGTGGCTGCTGTAGTAGTCG

norR norR-F TCGTTTCGACGCTGCCAATG
norR-R TGCCCGTCACGCACGCTTT

nosZ nosZ-F CAACGCCGAGTTCATCATCC
nosZ-R TCTCCGAGTTGTAGCAGGTGG

16S rRNA 16S RNA1F GCGCGTAGGTGGTTCGTTAA

Loading control 16S RNA1R AAATTCCACCACCCTCTGCC
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Fig. 1 Effects of different inorganic substances on denitrification. (A) NO3;™-N reduction. (B) NO, -N reduction. (C)

Acetate degradation. (D) Cell growth of P. stutzeri.
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Fig. 2 Effects of different concentrations of Fe;O,4 on denitrification. (A) NO;™-N reduction. (B) NO,™-N reduction. (C)

Acetate degradation. (D) Cell growth of P. stutzeri.
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VI Y B B, EBA P stutzeri AT LAFI ] Fe®t,
I AR FeT U B RS AT, R BLE
FesOs AWK Z T P stutzeri HELAY Fe? 4 &
(4.355 ng) 54 FesO4 1k 2 H By HRELE (4.358 pg)
JUTAHIAL

Fy— 71, RIS S T, A 4
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Fig. 3 Concentration of Fe’" in different denitrification
systems.
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6 FesO, K Z rh i 5 40 & F1 o4k M 40 1 $3 46 PR

Fig. 6 SEM of bacteria surface. (A) Bacteria suspended. (B) Bacteria adhered to Fe;0,.

*k2 EREHHSUMDAZAMNTAZR

Table 2 Top 5 up-regulated proteins and down-regulated proteins

GO description

Proteins . . KEGG description Fold change
(biological process)

Up-regulated protein

Maltokinase Carbohydrate metabolic Starch and sucrose metabolism, 70.9
process metabolic pathways

30S ribosomal protein S17 Translation Small subunit ribosomal protein 7.6

ABC transporter substrate-binding - Simple sugar transport system 7.5

protein substrate-binding protein

BMP family ABC transporter - Simple sugar transport system 6.2

substrate-binding protein substrate-binding protein

Membrane protein - Periplasmic iron binding protein 5.9

Down-regulated protein

Nicotinate phosphoribosyltransferase - Nicotinate and nicotinamide 0.2

metabolism

3'(2'),5'-bisphosphate nucleotidase CysQ Phosphatidylinositol Sulfur metabolism 0.2
phosphorylation

3-isopropylmalate dehydratase small Metabolic process Valine, leucine and isoleucine 0.3

subunit biosynthesis

Acyl-CoA dehydrogenase Oxidation-reduction - 0.3
process

50S ribosomal protein L35 Translation Large subunit ribosomal protein 0.3

BEP e 1) A ) A o AR FE R K AL P A R
P8, KEGG JEREFRI 2 LIS A EZREER
FRERRACIE . PSS 2 RS A ORI A R
BEEAEH . RILATURIL, 5 FesO4 M H B2
fil e HE T P stutzeri XA IR A AC ST AR | R AR
WA UL SRR R i s i . 22 R R
F0] 2290 e ms R ML EE B M1k . Mg AR . A
b -3 JEL A R AN B, R 0 KEGG 3 J% 0 45 JH R
T e R A . BRI LA R S R . S 2 R D S
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