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Isolation and Nitrate Reduction Characteristics of
Aerobic Denitrifier Pseudomonas sp. DN-9
Sun-Ja Cho, Yong-Ju Jung and Sang-Joon Lee

Department of Microbiology, Pusan National University, Busan 609-735, Korea
(Manuscript received 9 September, 2005; accepted 17 October. 2005)

From sludge of S municipal wastewater treatment plant in Busan, Korea, we isolated the denitrifier DN-9
which showed the ability of denitrification under aerobic condition by the color change and gas formation in lig-
uid culture with Giltay medium. The isolated strain was identified as Pseudomonas sp. DN-9 on the basis of the
morphological, physiological, biochemical and nucleotide sequence analysis of 165 rRNA. The isolated strain,
Pseudomonas sp. DN-9, has cytochrome cd, nirS of nitrite reductase. By the co-existance of additional ammo-
nium and nitrate ion, the strain was not affected largely on growth in SL series broth. It seemed the result of
denitrification. Although Pseudomonas sp. DN-9 has a good nitrate reduction activity under aerobic condition,
the activity is less than Pseudomonas stutzeri in same cultivation condition. However, Escherichia coli had little
the activity of aerobic denitrification and Pseudomonas putida showed lower activity of aerobic denitrification
than Pseudomonas sp. DN-9 and Pseudomonas stutzeri in this study.

Key Words : Aerobic denitrifier, Nitrate reduction, Pseudomonas sp.
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Table 1. Giltay media composition for isolation of
denitrifying bacteria
Medium A and B of Giltay media
Medium A (500 ml)

KNO; 10 g
Asparagine 10 g
1% BTB solution 5 ml
Medium B (500 ml)
Sodium citrate 85 g
MgS0, - TH:O 10g
FeCls - 6H0 0005 g
KH:PO4 10 g
CaClz - 2H.0 02 g

Using after mixing medium A with medium B (1:1),
pH 7.0-72

4 gA4e Aside H48w

2 DNAE FZ319

165 RNASl §74% Fol Wol7h @b Lejx
V3 2918 953 shu s fU4E0S PCRE
B A

FEG T AVIMEENE e 1 A3E NCBI
(National Center, for Biotechnology Information, www.
nchinlmnih.gov)®| Blast search® ZsjA A=
&t o] wWl AlEE primerE 2 BioneerAHd
FEAAE AHgsgth 165 RNAS dRES
FEANT7] A8 AREE forward primer (34IF)E
A7 ge] 5 -CCTACGGGAGGCAGCAG-3 " 9]
o reverse primer (07R)E 5 ~ATTACCGCGG
CTGCTGG-3 " elt}. &8 di82e dAFL cy-
tochrome cd;# ATHE nirS & Cu-mediated ni-
trite reductase?] nirK@h= ¥ 859 nitrite re-
ductase %9} ¥ FFE 7Hdn Loy Qe
V29 nitrite reductaseFFE ol 7] 93
AHE-EE nirS FAAF FZ8 forward primer (nirS 1F)
5" ~-CCTA(C/TYTGGCCGCCIA/GICAA/G)T-
37 o1 reverse primer {(nirS 6R)2 5
-CGTTGAACTT(A/G)CCGGT-3 " o]t 1glzm
nirKw 3419 $%8 98 Al® % forward primer
£ 5 -GGA/COATGGT(G/T)CC(C/HTGGCA-3

A= 5 -GCCTCGAT

Eie |

L

Lot

O -
Ase

ol® reverse primer?d ZALE
CAGIVGITT(A/GITGG-3 " o191eH”. PCRAFE &

A719% & gel extraction kitZ DNAE £%314
I, AmEatel] A7l EEN L st}
23 A¥dT 9254
231 WA FFH TR E EHEA
lEHor g4 A Agd A3 wjAE
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Sistrom's Minimal Medium A(Table 2)'®o] 5%
Luria brothE #7}%F SL brothg AH&sHE, 92y
olel Asbayg Ao e WE ME GE 4F79
WA E ARt A¥S sATHTable 3). 28 &

L dZ&g243e 150 mle) SL HlA|el 05 g/LY
sodium nitrate® H7F3F wiA]o} Awjgste] I)&

AEHEFE FFE 600nm)ZE 0057F HES F9Y

sl 4T AAsgoH, 3 2ol Wz e 2]

% 28 olFo] WYLk WA WA/ pHE
T 7008 2ATH

Table 2. Composition of Sistrom’s Minimal Medium A

Preparation of 1 liter of 10x medium
Compound

KH:POy 212 g
(NH4)2S04 50 g
Succinic acid 400 g
NaCl 50 ¢
Nitrilotriacetic acid 20 g
MgS04 + 7TH20 30 g
CaCle - 2ZH:0 0334 g
FeSQ; - TH:0 0020 ¢
(NHa)eMo70O24 (1%6solution) 0.2 ml
Trace Element Solution® 1 ml
Vitamins Solution® 1 ml

* per D.W. 100 ml (Store at 4C)

EDTA 1765 g
ZnS0;4 + TH:0 1095 g
FeSQs - TH:0 50 g
MnSO; - HO 154 g
CuS0; - 5H:0 0392 g
Co(NOs)2  6H:0 0248 ¢
H3BOs 0114 g
® per D.W. 100 ml (Store at 4°C)
Nicotinic acid 10 ¢
Thiamine HCl 05¢g
Biotin 0010 g

g4 Pseudomonas sp. DN-99] £z o

A g9 54
232 71& 2279 vjudy
fzxadFee 7180 & LA A7t Jd5
2 9= 5714 927 Pseudomonas stutzeri™ 9

KCTC (Korea Culture Type
- ok 315108, e
o YxadFE o83

Pseudomonas putidas
Collection) ZHE £
chia coli =& &4

o} Tk AAAE ‘ﬂr% nitrate® FAA A
gAY AAadY GEe B3 IVAHE
Z2ZA7)7] 95 Ado2 200 ml &% serum$
Hol Alg 100 miE ¥ ?, 571 2AVE T
FHAoR 3715 FUFEAM 0T #4%E o8
o] Agg AAEF e, 6 1 9 ARt 3+
0% ABERAS ﬂ qk o] w ARE-§F wiA= SL
brothel A4S H7F (05 g/L)F WA g A3}
%

24, N ZEA

wjoFelj o] AAA A, obdag Hi EEY
oMl A E Ax AFE Ron A FEE
Table 39] WA 2 v & AALste] TAE A

Table 3. SL series broth for experiments of nitrate

reduction
Type Composition
SL Sistrom’s medium : Luria broth (100:5)
SL+NO;  Sistrom’s medium : Luria broth (100:5) +
nitrate (0.5 g/L)
SL Sistrom's medium [without (NH#)2504] :
Luria broth (100:5)
SL+NQ;  Sistrom’s medium [without (NHa)2SO4] -

Luria broth (100:5)+ nitrate (05 g/L)
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Table 4. Removal efficiency of total N of the isolated strains under aerobic condition

Isolated strains Removal efficiency

Isolated strains

Removal efficiency

of Total N of Total N
DN-1 34.3% DN- 9 56.2%
DN-2 23.7% DN-10 40.5%
DN-3 29.0% DN-11 32.6%
DN-4 34.1% DN-12 31.0%
DN-5 31.9% DN-13 39.1%
DN-6 33.0% DN-14 489%
DN-7 33.0% DN-15 42.0%
DN-8 33.0% DN-16 0.4%

Table 5. Biochemical and physiological characteristics

of DN-9
Characteristics DN-9
Morphology
Gram stain -
Cell form rod
Motility +
Utilization of
Glucose +
Arginine +
Ethanol +
Citrate +
L-Valine +
Denitrification +
Oxidase Reaction +
Catalase Reaction +
Aerobic growth +
Anaerobic growth +

22 9636%2 454 eI Hrequest ID :
1162226723-5092-175213678513 BLASTQ1).

- nitrite reductase] PCREEAE A, nirk
primers®= ¥HSEA] $dIT nirS FAAEFES
primers}e A &3] w33k <k 900 bprHel PCR
45 (Fig. Vg RAFA. o] 748 A%
A8 & BLAST searchd Z3 n|%A 2 Pseudo-
monas sp. (AJ440494, AJ440494)2] nirSF Z+7;
96,787 96.58%< AE5AHE RAFAT (request
ID : 1126230905-15154-24708986651. BLASTQL).
2y 16S rDNA @71MEolA sl A o
2 Pseudomonas fluorescens® nirS¢ @714 43
alignmentdt Z3}o] oJ3lH %A AsA (Fig.
25 YEijlo] B AgdM Y BEdFs Pseudo-
monas %9 v|F5A FF2 gGeotsta olo| Pseudo-
monas sp. DN-92.2 4 &t}

3.2. Pseudomonas sp. DN-99] %7]
321 WA dFde FFA 2
A7k $E718 AR Z kA7

8
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Table 6. Characterization of DN-9 by API 32 NE

Omithine decarboxylase
Arginine dihydrolase
Lysine decarboxylase
Urease

L-Arabitol (Acidification)
GHI

5-Ketogluconate

Lipase

Phenol Red (Acidification)
B-Glucosidase

Mannitol (Acidification)
Maltose (Acidification)
Indol (Production)
Adonitol N-Acetyl-B-Glucosamin
B-Galactosidase

Glucose (Acidification)
Saccharose/sucrose (Acidification)
L-Arabinose

D-Arabitol

a-Glucosidase
a-Galactosidase

TRE

n Rhamnose (Acidification)
Inositol

Adonitol

Palatinose E (Acidification)
B-Glucuronidase

CEL

Sorbitol(Acidification)
a-Maltosidase

MaloNaTe

L-Aspartic acid
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$7148 2T Pseudomonas sp. DN-99] ¥32] @ 44 39 E4
Hog BREY A 722 SL o2 ve-2 A9
g ymz] 3FF9 vj=] (SL, SL+NOs, SL™+NOs)ell
Me 25 d9 Aol AF 18A7 ATA Hd
FHEE BHoFu SL uwiRlol e 79 H5S
FHE 135 500A 2z AH7E M F A
ote] Aol FAEA ol2Hed 1 oolfe W
Al BelA] kstd ot £ Age Abgd A}
Sistrom® 4] 2} Luria broth7} 43¢] & e)o]o] A
714l g& o aoj7h ofdt fEHoh o)A
UEEGS AAT WA A= HrlshA e
HHE2e Aol F3E 1L.BAZAA HYQE olF
Aogr IHALR AT 4 & AoRE H,
S714 gAY AS g $5999 A3
= e gria g 8le 7o) nitrate’t B7HE
lanel: size marker (Hind I* 2] & ADNA) FelAA Fig. 39 (¢), (d) ZF ¥ 94178l NOs
lane2: PCR product with nirK primers Zh e xEY O 28 58 Ay dERgadw
lane3: PCR product with nirS primers ¥ wlx] (SLujA) e dnEgd AAde] Bils
Fig. 1. PCR product with nirK and nirS primers. Hj Al (SL+NOs#i Ao M 9] FH =2 2 do 4%
o o] Fde wjFzAstl A vl Hax)e
5% LBE #7bet wiA))o] Aad S A7 wixol FEFAE HIoZN, a8a WG spaa
Ao Aol ta =A AFRHAL dRFEH 8 O AFE Hole A 58 B WA £
AAY BF JE wezgME z7)de wE A sd AAIEL nitrate ammonificationo] 9@ A A
HERRAOU AlZte] AGFE gl g Age] FAFELE 2ug o] ol WulelA g2e
AT 2y dade] gurgEd v Hd  FHI3ESE ¢ & ddvk F8 SL brothol A ¢

agcagategtotegaccegg-ggcatgacegtegacacecageaataccateccgageeyg
églgcagl;a{:cgtctctécc(':ggtggcatgaccgtggacaagcaggagtaccacccggaaccg

cgcgtcgcggcgatcatcgcctcccacgagtggccggagttcatcgtcaacgtcaaggaa

cgtgtagcggcgellt':catcgcctcccaégaatggccggagttcatcgtcaacgtcaaggaa

SO R cnactacmgmana caagcr e enbrracate

accggcaaggtgatgctggtcaattaccaggac':é tcaagaacctcaccatcaccaccate

gacgccgcaccgttcctccatgacggcggttgggacagcagccatcgctacttcatgacg

gacgccgcgccgttcctgcatgacggcggttgggacagtacccatcgttatttcatgacg

gccgccaacaactccaacaaggtagcggtgatcgactccaaggaacgcaagctcaccgcc
o e i o

gcggcgaacaactccaacaaggtcgcggtcatcgactccaaggagcgcaagctcaccgct

ctggtggacgtgggc gaccccgcacccag?cc??g????????F??aaccatccactc

ctggtggatgtgggcaagaccccgcaccccggtcgtggcgccaactttgtgcacccgcaa

tatggaccggtgtgggccaccagccacttgggtgacgccggggtttcgctgatcggcacc
tatggt(ltcggljtgtgggccaccagccacctgggtgacggcggtgtttcagtgattggtacc

gacccggtcaagcatccgcaatacgcctggaaaca P.fluorescens
rirrevirn 1 LI B I A ) 1

gacccggtcaagcacccgcantacncctggaanca Isolated strain

Fig. 2. Comparison of nirS sequence between the isolated strain and Pfluorescens.
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2E 4ue Xﬂﬂfﬁ SL™ brothol] ZAAHE-S AH7Mst 3T 08v9he] dF WA A 72 236
BlR] (SL™+NOs) ol A& 5%E H7Fg LBalA] & 24g Za, gael $3b dii} AERA AFAT
T YEFO ?ﬂktﬂ SL brotholl 48] AFRTE & 4-5FALo]o] N.O7F HFEHo] B dFeA £8 =
A Ee AFEIEE Hole AL AAEY #4o]  #F Pseudomonas sp. DN-9& 37|14 gddde
o}l nitrate ammonification® 8o 2 A&H o] of Al & W FlE & 9t} (Fig. 4). s E
97k RFE HAT ABEEY Fololx] F1 A AFe|AE gae] T3 vyl Fo] vhsiA

2z odFUolele] "avl AedE e ARE
gl A YERA &gt

322. 3718 22HA T AT TtAEH

e wdF e vt BAL S9AEA
NoZ A8 GCE of8-3tgrth e dae9 7t
27t gARFF FAY A7 ofFEY GC 4
7147k N2 gasol®} ob# FlelM e da ”o”}*d
SHYLE AL AP 27t glo] A
B4E A o shA R Pseudomonas sp.
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Fig. 4. Detection of N:O gas as one of the inter-
mediates emitted in aerobic culture.
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Fig. 5. Chacteristics of nitrate reduction in various denitrifiers including Pseudomonas sp. DN-9 and E.coli.
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Pseudomonas sp. DN-92 7| &0 o|u] gz{ o
2 oA Psedomonas stutzeri, Pseudomonas puti-
da, Escherichia coli®) W59 1 A& 2 @354

=
S vudgch g4 E 2 57 AAREE
o] FHE AHE g B AFF ALH w#F F
A0 gd5e £nuns 5gdleg 2 o s
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