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Aerobic denitrifying bacteria in the phyllosphere: screening
and characterizing of nitrogen removal performance
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Henan, China
2 Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

Abstract: [Objective] To identify efficient aerobic denitrifying bacteria in the phyllosphere
and provide new ideas for the prevention and control of air pollution by phytoremediation.
[Methods] We used the enrichment culture method combined with the Griess reagent and
bromothymol blue to isolate aerobic denitrifying bacteria from the phyllosphere and analyzed
the phylogenetic relationship of the isolates based on the 16S rRNA gene sequences. Efficient
aerobic denitrifying bacteria were screened out and their denitrification conditions were
optimized. [Results] Thirteen strains were isolated from the phyllosphere of six landscape plant
species: Photinia serratifolia, Ligustrum lucidum, Osmanthus fragrans, Camphora officinarum,
Euonymus japonicus, and Magnolia grandiflora. According to the 16S rRNA gene sequences,
the 13 strains were classified into 7 genera, 7 families of 4 phyla. Specifically, 4, 3, and 2
strains belonged to Enterobacter, Achromobacter, and Pseudomonas, respectively, and the
remaining 4 strains belonged to Acinetobacter, Sphingobacterium, Microbacterium, and
Pseudarthrobacter. The comparative analysis revealed that strain SF outperformed the other
strains in denitrification. The factors (carbon source, temperature, initial pH, C/N ratio, and
rotational speed) influencing the denitrification performance of SF were optimized by single
factor tests and response surface methodology. The denitrification conditions of SF were
optimized as follows: glucose as the carbon source, initial pH 7.5. C/N ratio of 9.7, rotational at
180 r/min, and temperature of 33.5 °C. Under the optimized conditions, the total nitrogen
removal rate reached 93.3% in 72 h when the initial nitrate concentration was 361 mg/L.
[Conclusion] The rich culturable aerobic denitrifying bacteria in the phyllosphere of landscape
plants laid a foundation for phytoremediation. It is feasible to synergistically reduce nitrogen
oxide pollution in the air by screening efficient denitrifying strains and improve the
denitrifying performance by optimizing the culture conditions.

Keywords: phyllosphere; aerobic denitrifying bacteria; isolation and identification; nitrogen
removal; denitrification characteristics
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1.1 HA

ARG EE 6 Ffr ML AL S ULAE YA R F 5% X
%, NI SRTH e 47 A U i AL AR TR, Hb AR
TR TRREBE PR X BEN, 4300k 2 Stk
BN TR L 2 5 BeE e AR R
SEREEE BT A AR . KV 1) 1A B AN 1 £
VIR 3 5 SCIAR IS 0 far f6 K 250 6 S
BEBRHUT A 1 Rl A (GO WF 26 I L7 &5
G E S AT, SF AR DA A A 0 42 L A 4
R, MF fC3R MR i it 4 T, ZF AR
AR HR 5 L B A0 R, NF A 3R 2 0T Hh i 4 1
MIANER , HF FCR A6 22 Hr ik i 4 i)
1.2 EHFHE

EHERFRED (g/L): 4 WE 3.00, HAM
5.00, KNO;1.00, pH 7.0-7.6.

SrERE R (BTB 15975, g/L): KNO;
1.00, ¥rEEm2 =4 1.00, KH,PO, 1.00, FeSO4 7H,0
0.05, CaCl, 0.20, MgSO4 7H,0 1.00, 1%IR T
HAB L 1.00 mL, #§ 20.00, pH 6.8

SRS AR RE I R 7R Y (g/L) - Fr iR —
BN 1.31, ZBR%N 1.10, KNOs 0.36, MgS0O,4-7H,0
0.02, KH,PO,1.00, K,HPO, 5.00, NaCl 0.50,
IR JCR AW 1.00 mL.

TR TR AW (2/L) : EDTA-Na2 30.00, ZnSO,
2.20, CaCl, 5.50, MnCl,-4H,0 5.06, FeSO,-7H,0
5.00, CuSO,7H,0 1.57, CoCl,-6H,0 1.61, pH
PEE 7.0-7.5,

1.3 FERBUHAEMEE. D EMFHIE
1.3.1 FERBECARNEEES

Oy BCE AL 2 5 A A AR A
Fifi o 00 TR AR B I DA R i A 1T B P AR
ORI AL B 2SR, e R S, B
P4 BERVRE SR IIFRE 10 g, 435l E] 90 mL
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JTHEAKF, 200 r/min ¥z 3 h, FE 1 hj5, B
10 mL B35 3] 90 mL btk & ks g sl
BT 30°C. 150 r/min (FEIRPEIR TR R
WE WL TATRE M
1.3.2 EEHNK TR E AT

B RAH S B0 P A i 7 3 o
RS ERER S B, B2 mL KRS, T — A% LI
A B AL . B 2 s ps (e I
WEAE R ER = A o YR B A R AR AR,
PR S 2T BTB [BARRE 5L Tk
AP, MEA B A =R IR 10 mL & AR
# 250 mL IR, FEm A mA 90 mL B
Be il B R R 2k, AksiiE g, AU FERAE,
B4 3 WG T BTB AR 37 LR A 1
1.3.3 BTB E{f 2 & 1Z 55 & /Y R IE F 1%

6 ke e —UREE =R E ER
1 mL, TS A A AT RYIBE FE R RS
R REBREE S350 1071, 1072, 107, 107, 107 %,
B[R BEAS A B 100 pL ¥ 4ii T BTB
AL AR IR |, 30 cCHHERFF 2-3 d.
TEREPERE FR AR W AP AR |, PRIBOUE R 2250
OB I S 1 T v A T AR AR IR Y . 3
Sy EAHE] 16 BREABE, #42 BRI AN & AR
fir44 4 MF11, MF12, WF11, ZF11, ZF12,
ZF31. HF12, HF, NF, NF31, NF32., SF,
TF31. TF12, TF13 #l SF3, Hrp 3 pkoki T 5
WEARIX A5, 1R Ry i e o F v g 0 B,
& 13 MORIEF SOWA IR, TF AL MARIX
- 4 TP B A B R
1.3.4 FEEMHLEERELERNE

WA Al g 1 B B ST A 20 TR e 2 T DA
KNO; A ME— &R ) S A Ak 5 37 3, 78 30 °C
150 t/min 2544 T fEIR 5 5%, &F8 4 h U & R
(CBFERTFE 50 E 600 nm F AIWOEIE, #iE 1
A TR o DAXTE0A: K T R D 35 R 5
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FiE 1% I R e T IR A R S 35 5 e
MERW 0, 12, 24, 36, 48, 72 h HITHAR
i WA S A S5 . ODgoo BUE FIEEH B A &
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14 EHEE

MWIEASE L RS . A
ge2= 55 LA 7 DN AR IEA T 45 o 3 3 Pl
) 4 R 2% G Y o v O 2% TR VR T 38 I TR IR T
Ao dFEAEMAYSE FESE CFILANH RS
ST PO AR E R 16S tRNA
B P A o3k o BT E DNA P4 HL: R4
PR 20 DNA $2HUA R & (TIANGEN 24 5))if
i, kSR a 45,
1.4.1 16S rRNA EE F5I #1817

51K 27F (5-AGAGTTTGATCCTGGC
TCAG-3")Fl 1492R (5-TACGGCTACCTTGTTA
CGACTT-3"), PCR S 2514 : 94 °CHiAEE 5 min;
95 °C7ZEM: 1 min, 55 °CiE /K 1 min, 72 °CZEf#! 1 min,
I 30 MEF; 72 °CEIENF 10 min,
142 RAEHKEEZEXEEREER LT RE
napA Ry¥ 1

514 % F EE 514 (5'-TCTGGACCATGG
GCTTCAACCA-3")HI M5 ¥ (5'-ACGACGAC
CGGCCAGCGCAG-3"). PCR I %&f4: 94 °C
AR 5 min; 95 °CZE 4 1 min, 65 °CiE kK 1 min,
72 °CIEAif 1 min, 30 MEFF; 72 °CEALEff 10 min,
1.4.3 16S rRNA EEHF5N F &5

PR 16S rRNA KL K FE 41 il 1 i
WA HARA R /A0 e o I 45 2R 78
NCBI #4775 e xs, 8 MEGA 7.0
A1) 4B 42 (neighbor-joining, NI R4 &
B napA FEE ¥ 51 f ] R v AR PR R
o EINT , 55T napA JEIR 3 1) R 5K B WHE
I MEGA 7.0 #ffr9 48421k (neighbor-joining,
NI

AR S A RE T 1A I 3 3 AN 3% 5 i v
i 2 0 T A PR k75 i Y 28 AL R i
1.5 HFERECHERRIEERR

AT 0 7 3 A TR RR e B T —HRR B B
U I RURE ) B SR SR AR AR TR, AT R R
W5 o SoR F AR DR 3R SE B PR 5T A R PR 85 D] 7 [k
Ui REE L TR BRA L (C/N ratio, C/N)FIY)
B pH\XT A E R AL PERE R SE ), 7E I AL
FH e 7 TRTEE A T R S A, DA e e AR

RARNES
151 BREMNEKRERNZE

FEARFRAY B 2% 35 A X B E K I
PRIV (ODgoo A 1.0)E2 B KA Ak 15 77 3 CEA TN
100 mL)H, 3 3 R ERY (25, 30, 35,
40 °C). pH {H(5.0. 6.0, 7.0, 8.0, 9.0), C/NP!
(3. 6. 8. 10, 15), BRUEP> (HEE, T 8
BN OFEEEEREN . WA ERBA AN . REAR AR AT A
P10, 100, 120, 150 i1 180 r/min)F% IR
Big%, BB 12 b0 B R P R AR K R AL
% (total nitrogen, TN) % & o 5 25 AN[A] A% A 1~ X it
RACRA M, BRIRESLISN, HAITE 30 °C
TR, LK 3 AEE .

1.5.2 MR mE ki R &4

K FH W N7 1T 43 B 5 9 H ) Box-Behnken 15
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AR RSO X A 2 2 B R
Bt HAp s O EE R 8 07) kK
(FR J =) K (R R “417) o EEER
Rad B KA RN E N AR, IEL
TN 9 R BRECRAE AW WA (Y), #7525 53T
LA B BARCR T,
M E SR e TS 20 0 iR A
S A 20 56 UE TR AR 1 B0 R0 o g AR Ak o 7 TG A
U T 8 R 45 RS T R R SE B R Y TN
F R AT H A, LAIG I i 7 v AR i ] S
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g B
fird iR &k 20 1 W 5 SR FH 48 A1 43 ot O B 1k
HI/T 346200757, W ASERER AN R R AR ZE
A6 GB 7493—8788 | BRI AE SR FH
IR AL 2R M G RE TR HT 636—201207,

2 HERE4M

FERHLAERELERR S HM

1.6

2.1
w2

e ST S SRS I Sb P SR K iy
BTB Kige o, glifk, Rmsfbyssmitetts
i, M\ 6 FhsMEY At . ool ARBR. R
PALEMEAAEE 2L P 3B 13 #Rm sk
G AEAL AN B, Hoh ool 3 bk A 2 B
FCT 5 S v SNIER oo BB I v SN N - & 11
B3 Bko XT 13 PRAETA 4T T DNA 4250, 16S
rRNA LT . Fo5Hr. 28R en, kAR

WA PR 13 #REF AL o e T 4 4
AE T[40 FF 1 1] (Bacteroidetes) . 78I 14 1]
(Proteobacteria) . Jit £k 1 '] (Actinobacteria) Fl
JEEEG ] (Firmicutes)]; 7 /A [R] B[4 2 B AT
I Fl (Sphingobacteriaceae) . 7= s T & F
(Alcaligenaceae) . fi LA} Pseudomonadaceae) .
Bk W R
(Micrococcaceae) . 14 #T i #(Enterobacteriaceae)
AT FFH(Microbacteriaceae)]; 7 NS R &
[ % AT 1 )8 (Sphingobacteriumt*®) | G (1 &
(Achromobacter™") | {E 5 {1 )& (Pseudomonas™# ) |
515 #F 1 J@ (Pseudarthrobacter ™) . NI )E
(Acinetobacter®>**) | [z 14 (Enterobacter®**")
FIHAT i & (Microbacterium®')], % 1 411 16 £k
ISR AL AT, o 3 BORIE T SoUAR X Y
T3, VRl AR rp X BEAE A . ASBIFSY
M 6 Pl 5o ULAE Py v i RE B A 13 B AE SR Ak 2

Zs B K W Pl (Neisseriaceae) .

F1 MEREFERMLAER 16S rRNA EEFFIAY BLAST 4R
Table I The BLAST results and aerobic denitrifying bacteria isolated from the phyllosphere
Strains Nearest phylogenetic neighbor in GenBank Similarity Genus and species  Isolated place Detection
(%) of the strains of napA
ZF11  Sphingobacterium mizutaii strain DSM 11724 96.00 Sphingobacteriumsp. Cinnamomum camphora +
ZF12  Achromobacter insolitus strain CCUG 47057 97.46 Achromobacter sp.  Cinnamomum camphora +
ZF31  Achromobacter insolitus strain CCUG 47057 96.79 Achromobacter sp.  Cinnamomum camphora +
MFI11 Pseudomonas furukawaii strain KF707 100.00 Pseudomonas sp. Mélilotus +
MF12 Achromobacter dolens strain LMG 26840 100.00 Achromobacter sp. ~ Médlilotus +
WF11 Acinetobacter radioresistens strain NBRC 102413 95.86 Acinetobacter sp. Euonynus alatus +
TF12  Achromobacter insolitus strain LMG 6003 99.52 Achromobacter sp.  Forest soil N
TF13  Cupriavidus sp. strain HBUM200019 97.78 Cupriavidus sp. Forest soil N
TF31 Pseudomonas sp. strain CMF-14 95.60 Pseudomonas sp. Forest soil +
HF12 Pseudarthrobacter oxydans strain DSM 20119 95.52 Pseudarthrobacter sp. Magnolia lotus +
HF Enterobacter hormaechei subsp. xiangfangensis strain 99.65 Enterobacte sp. Magnolia lotus +
10-17
NF31 Pseudomonas veronii strain CIP 104663 99.50 Pseudomonas sp. Ligustrum +
NF32 Enterobacter quasihormaechei strain WCHEs120003 99.65 Enterobacte sp. Ligustrum +
NF Enterobacter hormaechei strain HN 18447 99.00 Enterobacte sp. Ligustrum +
SF Enterobacter cloacae strain ATCC 13047 99.86 Enterobacte sp. Photinia +
SF3 Microbacterium esteraromaticum strain DSM 8609  95.47 Microbacteriumsp.  Photinia +

napA: Periplasmic nitrate reductase gene; +: The detection of napA gene is positive; N: Not detected.
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. YITE 80% LA I, DIHAEM KBRS bR
e, TV ERE WFL1 1 SF, %) Ho s ik bk
BHTIRABIGE . Hikk WFI11 19 16S rRNA JE[H 5
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Strains

E1 1n2#MIFERECHEREREERE
Figure 1 Nitrate removal rates of 12 aerobic
denitrifying bacteria. Data were expressed as the
average of triplicate replica + standard deviation.

P 4% 51 AS 3h #T 18 (Acinetobacter radioresistens)
NBRC 102413 ()—Sth e, HSRLBRE
By, WBRGA Y X T A AR P R — >
RUVRRAE SR BRSSP Ph ey . itk , AF
FEIEFETR SF AR & B bk, i ) I =
PEFEAT ST

23 B SFETE

231 EESFHERDBAILEEEMLER

Al SF BB T M FL A A& DI FEBRAR &
DG s AR A5 == [RBAE . AR, TRk SF
REMSTE A0S . bl . T RN IR AN
JyME—RIER TCHLER B IR 5k FAE R R AT, 12 LB
BEgR Ak AR S, 7 LA T RN IR
A ME— B IR A TCHLER B SR B rh AT LUE R (R
TR BEAN TR, A6 DL H I | P G TR o M — B DA
HRGEFR IR LA . WS as B . FH LT
SCOGBAME . V-P RIS P . OSSR AR S AR
AARFRE S R IANTE R G0 % FE) POl
IR T TR v 0 B A AT T R E— B
232 HTENMFEELR

P IS B R PR SF #B7> 16S rRNA JEA
1 413 bp, £l P S REMES T, Wbk SF 5
[H 1) 7 FT 1 (Enterobacter cloacae) ATCC 13047
I — ks, 5% 99.86%, HAERG AT
BRI, BEIREFHE . Ao A T bR
PELL K 16S rRNA FEE R [R] A% 204, R BiX
I Pk 4 1 #T 17 J& (Enterobacter),  H. Al G i A AT
1 & 54 B 78 17 #T 74 (Enterobacter cloacae).

5 i A POV S92 S 06 2 AR 1Y) B 14 B T B
(Enterobacter cloacae) F2 HA K AFH TS5 1k-1F
SASTHALRE ST, X/ O/N & Cu’ 5K nl LR
B KB FR Ab BRI . Padhi 22 AR T 15 K 4
B — K 5 5% 40 B BH I % AT 1 (Enterobacter
cloacae) CF-S27, % B RAE = e JE K A7 e T [
i B AL AT SR SRS AR AR . Zhao ZERY
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I T KA B ) 3% PR T e vh 43 B H B
#T (Enterobacter cloacae) HNR, 4 NO; -N ¥
£ 4 200,300 A1 500 mg/L B, iZFHR AT NOs~-N
BB 7 83.0% . 74.5%F1 75.0%, HA
B S A R RE 77, AR X B RR Y 1
H napA JE[H .

221 Zhao FFPM 5k N SF BBk P AL
A 38 5 0 AR A G 1) DG B ik DR R s Ji
Mg LA napA, IZ BRI R/NE 880 bp 24, HTH
IR /N—3 (& 2) 3 2 gh S 3% B i o 1) T ik
SF 7] e HLA 47 U S A AL RR IR, A6 U i 6
45

napA i [K At 11 Ji] ST il R4 )i i (periplasmic
nitrate reductase, NAP)f{t NOs-N i& )i NO--N,
SEOF AR RS AR AR 1) OSBRI . KSR VR TR SF
) napA FEFEFHA 6 HRiFA LA E 1
napA L[N 5 GenBank /371 1) 4 ¥R napA
FERBATILRIFE T RER B 0 (E 3). 455
R, M EH 7 JE (Achromobacter) i) # #&

99
91
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bp Marker

1

napA
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1 000

<—880 b
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#ZR
Figure 2 The detection of napA gene by PCR.
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Figure 3 Phylogenetic analysis by neighbor-joining method based on nitrate reductase genes. The numbers
in the brackets are accession numbers of napA gene in National Microbiology Data Center (212, Z31, M11,
W11, SF, H12, M12) or GenBank (Y2-1-1, LerA1l, HNR). Values at branch nodes represent bootstrap values.
The length of branch represents the evolutionary distance and the coefficient is 0.05.
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Figure 4 The denitrification performance of strain
SF. Data were expressed as the average of triplicate
replica + standard deviation.
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Figure 5 Effect of different carbon sources sucrose (A), glucose (B), sodium succinate (C), sodium citrate

(D), potassium sodium tartrate (E), methanol (F) on the nitrogen removal of strain SF. Data were expressed as

the average of triplicate replica = standard deviation.
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Figure 6 The nitrogen removal at different C/N
ratios. Data were expressed as the average of
triplicate replica + standard deviation.
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Figure 7 The nitrogen removal at different pH.
Data were expressed as the average of triplicate
replica + standard deviation.
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Figure 8 The nitrogen removal at different rotational
speeds. Data were expressed as the average of
triplicate replica + standard deviation.
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Figure 9 The nitrogen removal at different
temperatures. Data were expressed as the average of
triplicate replica + standard deviation.
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