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Characterization of the Quinoline-Degrading Bacterium,
Pseudomonas sp. NFQ-1 Isolated from Dead Coal Pit Areas
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The bacterium NFQ-1 capable of utilizing quinoline (2,3-benzopyridine) as the sole source of carbon, nitrogen and energy
was enriched and isolated from soil samples of dead coal pit areas. Strain NFQ-1 was identified as Pseudomonas

nitroreducens NFQ-1 by BIOLOG system, and assigned to Pseudomonas sp. NFQ-1.

Pseudomonas sp. NFQ-1 was used

with the concentration range of 1 to 10 mM quinoline. Strain NFQ-1 could degrade 2.5 mM quinoline within 9 hours of

incubation.

Initial pH 8.0 in the culture was reduced to 6.8, and eventually 7.0 as the incubation was proceeding.

2-Hydroxyquinoline, the first intermediate of the degradative pathway, accumulated transiently in the growth medium. The
highest concentration of quinoline (15 mM) in this work inhibited cell growth and quinoline degradation. Pseudomonas sp.
NFQ-1 was able to utilize various quinoline derivatives and aromatic compounds including 2-hydroxyquinoline, p-comaric acid,
benzoic acid, p-cresol, p-hydroxybenzoate, protocatechuic acid, and catechol. The specific activity of catechol oxygenases
was determined to approximately 184.7 unit/mg for catechol 1.2-dioxygenase and 33.19 unit/mg for catechol 2,3-dioxygenase,
respectively. As the result, it showed that strain NFQ-1 degraded quinoline via mainly ortho-cleavage pathway, and in partial

meta-cleavage pathway.

Key Words : Quinoline, Pseudomonas sp. NFQ-1, 2-hydroxyquinoline, catechol dioxygenases
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quinoline®] 3% AeAloM E4E e ACE dEA 4
on, FEY “1*35011 sty ¢ E9wolE: EATIE
RAOE HIEo] QAE}(S 5-10). X3+ quinoline®} 2 &
EAEL EY) fEIUS Aol 5 5447 IAH
olFAHoZ QlFd AFlLE L9 = Aol Rad vt gl
ThS, 11-13).

Quinolineg 7|4 & f—f}’ﬂ t‘ot’é Z AAsHe A7 1Y
Holgti(14-16). wAE olg3l= oREY dFE
quinotine E3)8l= WA ES EXT FeolA B - 543

& 79 ABUE K43 LAAZE WA AR
(15-18). 229 AFAEL 7147 Fr149 =7 ot
A quinoline®] TlAYEEZ AG Ee Byt dojdde A
3t Quinolined F3fshe Alg-S A v
EZA  Pseudomonas Fo] XA Qom, Rhodococcus,
Nocardia, Moraxella, 1)1 Desulfobacterium X% quinoline
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&34 quinoline M3 A VA FHHZWEE qe)e
295 Y RoA F}o] & & A) SHhydroxylation)7} Qo=
< Y3tk Shukla F(21)2 quinoline #3o)A UEh}=
Ao Azl Ha  ATse, Fme Az
2-hydroxyquinoline - §43HE RS wrglon], shpe Az
2-hydroxyquinoline& A* 2, 6-dihydroxyquinolineg & 433},
¥ Y& ZHEE  2-hydoxyquinoline2: AX  Fo
8-dihydroxyquinolinex} 8-hydroxycoumaring @A 3= AL
34tk Quinolined FHFLFHOEAN B EA ¢
Rlol &3 glout ofe] A&AA AAA g dre o4
3] W zg el dck

£ d7ddAe dE3AGo2 R g NHE o84S
o] quinoline®] Halzo] BLd HFQ Pseudomonas sp.
NFQ-1& #2|8}3 TAsgen, o] Alde] quinoline ¥3)%
& ZAIAT Quinoline 249 WEE 3FE] dP
g AlEe] 9FE 71d o8 wEE 2ARY =3 B
AT NFQ-12]  quinoline H3AZE Lolrr) 93}
catechol dioxygenasesE #-#]slo] AL ZALESITh
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2ollMlAe sEujer 2 &

9 B30 s 498 R oz R HH3 10 g
9] E%S 250 ml Erlenmeyer flaskel] 23 100 ml2] B-u]x|
olA 7UZF Hlgste quinoline S Eashe FIAE ALAY
e Busdch ASE BUINE ZRa 1 L 079 g
K;HPO, - 3H,0, 02 g MgSO, - 7TH,0, 0.02 g FeSO, - 7TH;0,
1 g NaCl, 28] 1 ml w]&gs o] TgEon(17),
A7l i 1AM Fd B4 2 FAYeg 25 mM
quinoline (Sigma Chemical Co., St. Louis. MO, USA)E 7}
ShATh oYL £ e 254 1 Lo 05 g HiPO,, 0.04
g CuSO, - SH,0, 0.1 g KI, 02 g FeCls. 6H:0, 0.4 g MnSO
- 4H,0, 04 g ZnSOs - TH0, 02 g (NH{)sMoOsz - 4H,0,
0.1 g biotin, 0.03 g vitamin B2 ¥33l ZF pHe 729
o EAEARAYL 107744 A7 g4ste 100 w9 3
M gel-g B-TLAAQ% agaryoll HFE ] 30T 743t
wjFeE & A WA Aol Jehd 3709 FEs &5 Bt
lem o] 7hEH quinoline®] ¥35o] BUE FF NFQ-1
& AYs B A7l ALgssick

el 759 $8L oz A g Aga GN2
MicroPlate™ (Biolog, Hayward, CA, USA, Identification
System)S o] 83 ZALE 51909, Bergey’s Manual of
Systemic Bacteriology(22)E EthE &t HA3Ych

Quinoline E3j =8

el EASE  quinolinert FI  FUIAL AR
2-hydroxyquinoline®] FE+= HPLCE Z33}9th. HPLC A
282 SPD-10A UVjvis detector’} H-2¥ Shimadzu A}<)
LC 10AT AES AH83lgct AR L WatersAte) p-Bondapak
(Cis-reverse phase, particle size 10 m) column (3.9 x 300
mm)S AMESIH I, UV-detector 254 nmofjA EA1514ch o]
ZAHmobile-phase) &uf+  HPLCE  methanol  (Fisher
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Scientific Co., USA)#} HPLC® water (Fisher Scientific Co.,
USA)E 217t 70%9F 30%9] Hl&=2 EFste] ALEston
HPLC W29 o)&4 &) flow rate= 1.0 ml/min ©)3t}

22 Mo 1= 0|8 S0lMZTA}

‘AT quinoline ©]9]9] & 7|A o|§ Eo £}
o7l A 2] 71X quinoline f=A 9 AR WIS
LYFFEANA U Bales =AY 2y o A4
& I g Rl ¥Uxy R Axfe] AHuld
A F& A= sYHeH, AAE FFeA] e FPES
ALY0 R 7.6 mMY (NH.):S0.2 AH7}stsdch B-ujlo) o
2 7} quinoline f+=Ae} WL nE3EEL 1 mMY
gt =2 HrFEtS AASE T, 4847 e o &,
z

o) ARe 2433k
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o
O
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Catechol dioxygenase2| &M =X

Catechol 1, 2-dioxygenase®] &3 F7& Nakazawa(23) 5
o) el whe} BelAe crude extractd FEIE AL}
o] 260 nmol|A] ZA3}3 . T8 catechol 2, 3-dioxygenase
A& Nozaki(24)®] ol @} crude extractS FEAZ
3ld 375 nmol A 2AsI5Th B4 1 Us ALa] wed
o FRre FNHE &35l B catechol 1 uME Ak}
et o]8F FA4o %o ® Ao, specific activitys
WA mgEd UZ EAIBIEY Al8E Lowry WPH(25)0.8

WA RS Aasgen, bovine serum albuming 3
A2 3o A 71F FHL wE FHd Aleagct

2 oFe 22 ¥ 3

Quinolines #Y% ghAad# AAg, agxw duxgdoez
olgst= @ FF NFQ-10] 3 wjk 7gog BaE=g)
ok EaiAT NFQ-18 9A17E ool wjoke) wje) quinoline
< A Easiack

T8 TF NFQ-12 23549 3714 Hdes $54¢
ehfigdch. Bl AEe GN2 MicroPlae™ (Biolog, Inc.,
Hayward, CA, USA)S| &3t thekgl 7129 o]§ ¥
HA AAE 53 FHL XSG THTable 1). Biolog A
& AFoA Bal FF NEQ-1= Pseudomonas nitroreducens 2.
RN, B A7dME Psendomonas sp. NFQ-122 3
BT

ofl

2e|MTo] oot MA

B-#j Aol X 5 NFQ-1¢] 44 ¥ Quinoline] s, 22
I WY S pH @Sl BEziab B9
2-hydroxyquinoline®] W& F& TSI THFg. 1). ¥R Y
9] quinoline 27} FEE 2.5 mMol¢x, %7] pHE= 8.00[Y
ok Hlg 6AIZEA 9AIZMERA] RelAlFe FZAS AR
quinoline®} Z+AZE Jehiglow, vjok 9417k quinolineS
44 Eefstgick. WA o) pHE 27 894 AX3] 6.87}
A A3 Wk 10412l 7.002 97te] 2712 e
Witk Quinoline?] E&lFFtAL 4HEQl 2-hydroxyquinoline
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< w2700 AHZ] st v TAI Hdlz F
7heke7E 548 o] Wl 104t e At wl
%717t &9 2-hydroxyquinoline®] UA|H<Ql AT A=
o] tAlEde] skt o R JixE S EaAFuAER
EA Al s gA o] 8Hr] mEeR AR T3
A7 s AW e) NHe'o] Al F7kshe A0z Yehgtt o7
02 Ho} quinoline?] heterocyclic ringo] 7AAHA] 12](ring)
o & Aart el FHEE JoE HARK).

Table 1. Physiological and Biological characterization of the isolate
NFQ-1 using the BIOLOG Analysis System

Physiological & biochemical tests  Physiological & biochemical tests

Water - p—hydroxy phenylacetic acid —
2—cyclodextrin - Itaconic acid +
Dexirin - a—keto butyric acid v
Glycogen - a—keto glutaric acid +
Tween 40 + a—keto valeric acid -
Tween 80 + D.L—lactic acid +
N—acetyvl-D—galactosamine - Malonic acid -~
N—acetyl-D—giucosamine - Propionic acid v
Adonitol - Quinic acid +
L—arabinose - D—saccharic acid -
D—arabitol - Sebacic acid v
Cellobiose - Succinic acid +
i—erythritol - Bromo succinic acid +
D—fructose v Succinamic acid -
L—fucose - Glucuronamide -
D—galactose - L—alaninamide v
Gentiobiose - D—alanine +
a—D-glucose + L—alanine +
m—Inositol - L—alanylglycine v
a—D-lactose - L—asparagine +
Lactulose - L—aspartic acid +
Maltose - L—glutamic acid +
D-—mannitol - Glycyl—-L—aspartic acid -
D—mannose - Gilycyl—L—glutamic acid -
D—melibiose - L—histidine -
B-methyl D—glucoside - Hydroxy—L-proline +
D—Psicose - L-leucine v
D-raffinose - L—omithine v
L—Rhamnose - L-phenylalanine -
D—Sorbitol - L—proline +
Sucrose - L—pyroglutamic acid -
D—trehalose - D—serine -
Turanose - L—serine +
Xylitol - L—threonine v
Methylpyruvate + D.L—carnitine +
Mono—methylsuccinate + 7~aminobutyric acid +
Acetic acid + Urocanic acid +
Crs—aconitic acid + Inosine -
Citric acid - Uridine -
Formic acid v Thymidine -
D—galactonic acid lactone - Phenylethylamine -
D—galacturonic acid - Putrescine +
D—gluconic acid + 2—aminoethanol +
D—glucosaminic acid - 2.3—buthanediol =
D—glucuronic acid = Glycerol -
a—hydroxybutyric acid v D,L—e—glycerolphosphate -
A—hydroxybutyric acid + Glucose—1—phosphate
Y—hydroxvbutyric acid — Glucose—6—phosphate —
N
Symbols : + ; Positive, - ; Negative

™ Abbreviation : V ; variable

Quinoline =2} pHol| M2 250t

Quinoline®] Fxof] w2 FFo] AFH EI)E =AY
93t B-vjA|9| quinolineE 1 mM, 2.5 mM, 5 mM, 10
mM, 122|115 mMe] FEF 47} Hrlsle] FFE ujeks)
At 1 mMZ} 2.5 mME] quinoline A= 2zt 647 T}
9A17t o] quinolined €3 E&H}Hoer, 5 mM]
quinoline FE)A< 12417 Mol quinoline-S ¢HA%] Bt
Sk S 10 mMe] quinoline& 204710 &8 Ha)sty
orl, 15 mMolME Aol 3] AAEATKFg 2).
Quinoline] Fxo] wWZ TFo AR Fxri= A ol
Fo]Zl quinoline F=ol BlEIdtY Ao, ol tBo] ¥
o AT 71de] #3i7t AIdHA e, Yoz g3l
o Zof 58 xslE o7 viR| HEES MRS

v Eo] ddted Jehlle SAA3e vlX7FRE  quinoline
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Figure 1. Cell growth (@) of Pseudomonas sp. NFQ-1 and degradation
(A) of quinoline, and the associated changes of residual
2-hydroxyquinoline () and pH (0O).
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Figure 2. Growth (A) of test culture, Pseudomonas sp. NFQ-1, and
degradation (B) of quinoline. The media contained 1 mM (), 2.5 mM
(), 5 mM (A), 10 mM (@) and 15 (@) mM quinoline as a target
substrate, respectively.

oj¢} e A= vFo B w I FX9 quinolined
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(16, 26). Quinoline& FFsh= HjX|A FF NFQ-19] A&
7} quinoline®] E3j¢] pH7} R|X]&= Gkl st RAFSIA
t} (Fig. 3). 7% NFQ-1& pH 7-9 Alelo)A waA AAst
%om, quinoline®] E3= FA4T ROE epdth o] ¥
9] pHOA] quinoline& 9A|ZF ool 23] Hajeidct =j
Al pH7E 6 oldte] A} 10 oo e FRHoz Fa}sH
AG Aol BT} oA ATk 27) FF NFQ-1L
B8] Yobd e EGEES pHE 8 Wele) oz
249 EYol7] djEo] & Aol o)A quinoline £
HE AT HA9 pHE o9 FUYT ZeE gddh

Table 2. Utilization of quinoline derivatives and aromatic compounds by
Pseudomonas sp. NFQ-1

Quinoline derivatives and
aromatic compounds

2-Hydroxyquinoline +
6-Hydroxyquinoline -
8-Hydroxyquinoline -
p-Coumaric acid® +

Utilization

Coumarin® -
Indoline -
Pyridine -
Lepidine -
Quinaldine -
4-Hydroxycoumarin®

Benzene' -
p-Hydroxybenzoate® ' +
Catechol® +
Protocatechuic acid® +
Phenol* -
Phthalate’ -
p-Cresol” +
Salicylic acid® -

* With the absence of N-functional group(s) of the compound, 7.6 mM
(NH4):804 was added as N-source. + : Utilization, - : No utilization

Quinoline A I WatE siptao] Ralls

B AT NFQ-19] quinoline S5 2 WE 83Ed
e FelsS 2ARE A7t Table 20 Jehd Qloh, #F
NFQ-1-&  2-hydroxyquinoline®} p-coumaric acid®} 2-&
N-heterocycle  8}§HS, 2|2 N-hetep-hydroxybenzoate,
catechol, protocatechuic acid®} Z-& WrakE 813 s
Fal5s BAFok 28y N-heterocyclic HFE F
quinaldine, pyridine, lepidine, indoline 6-hydroxyquinoline, —1
2]al 8-hydroxyquinoline#}, o-heterocyclic F 54121 coumarin
2} 4-hydroxycoumarin, 28] WFE P& salicylic acid
9} phthalateo] A= Ea)7b Qojibx] Sighth. X 27hx) fjEE
9] dAFtollA quinoline¥} 2-hydroxyquinoline& FA|o] 3}
£ Ao] E1nEojgril, 14, 17). Blaschke(15) So} &3t
FEAQ]
3-carboxylquinoline, 2-hydroxyquinoline,
4-hydroxyquinoline, 1#)3l 2-methylquinoline® E-&)3}gch
Nocardia sp.<= quinoline, pyridine, 2- and 3-methylpyridine,
183 2, 6-dimethylpyridines E3sle Aoz Hud ul
23th27). QuinolineS E33l= A 71AEo|Add it A

Rhodococcus  sp=  quinoline?}  quinoline

2-carboxylquinoline,

177

o AgEol A, Ao 2 quinolined EI s o
HE AFL 2-hydroxyquinolined E&sle ZAo2 Huy
Ak, 14, 16-17). & Q7oA E28 ZHAT NFQ-12
quinoline¥ 2-hydroxyquinoline #:gt o}zl AF71# RuH
dFoflA Vet AR okt 7]de] sty EdsE 7t
A Aoz WAk

Table 3. Catechol oxygenase activity in cell free extracts of
Pseudomonas sp. NFQ-1 grown on quinoline

Activity'  Specific activity

Enzyme [19)] (U/mg protein)
Catechol 1,2-dioxygenase(C1,20) 22.38 184.70
Catecho!l 2,3-dioxygenase(C2,30) 3.95 33.19

* One unit (U) of enzyme activity was defined as the amount which
produced 1 pmole of cis, cis-muconate(Cl, 20) and 2-hydroxymuconic
semialdehyde (C2, 30) per min at 24°C

Optical density (Asso)

1 2 3 4 5 6 7 8 9 10
Incubation time (hr)

Residual quinoline (mM)

L 1 1 !

1 2 3 4 5 6 7 8 9 10
Incubation time (hr)

Figure 3. Growth (A) of the test culture, Pseudomonas sp. NFQ-1 and
degradation of quinoline. (B). The cultures wete adjusted to pH 5.0 (),
6.0 (), 7.0 (A), 8.0 (@), 9.0 (@), or 10.0 (M), respectively.

Catechol dioxygenases &M =X

BaFFe HEFEELS F842E ARSI catechol
oxygenases 84S FAl3 A3, catechol 1, 2-dioxygenase &
A3 catechol 2, 3-dioxygenase BA4<L 2% 71 Y= A
o2 FAHUTHTable 3). Catechol 1, 2-dioxygenase<}
catechol 2.3-dioxygenase®] specific activity:= Z}Z} 184.7
U/mg} 33.19 Umgo 2 Uttty o71eA vehd Aol
X B3 nlel o) catechol 1, 2-dioxygenase?] specific
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activity7} catechol 2, 3-dixoygenase®] specific activity BT} &
A=A 249 AL quinolined] AR AN FZhAr £
Q] catechol®] ®3= FZ ortho-RFEE Bl Hage
AoZ HAAD B dF A quinoline E3|o|A mera-B
7320 FA3l= catechol 2, 3-dioxygenase?] specific
activity= 2] SAE9lo, REAHZ o RARE &
ato] o]FolAE Aoz AlgHH, olYF AMS #<lE7)
AaMe  BafdA AAEEe FUNAL BEAEA g
GC-MS 1 NMR #40] Fg=]ojo} & Zlojth B o] A}
€% ¢F NFQ-19] quinolined #3i3l=t] SlojA Abs):=
ortho- B meta-2-3) 73 Z+= Fig. 49) Ro1 gl

N
Quinoline
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2-Hydroxyquinoline
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Figure 4. Hypothetical degradative pathways of quinoline by
Pseudomonas sp. NFQ-1.

Quinolne€ F1945 990el4) el ABSIE SfoELoI
QoA Be F2& wolgd 53 B9 #
—?—"ﬂ 2 "‘%ML} FAE olFHoz 3l
QA7IH olRo] AEAS 2HHe] SH4L ue
WogA A EAE dode ALE ¥y Uk,
11). w&}A quinolineg E&HoZ AAY + Je TF9
223 ol§ o] 8F PIBETH AAN R A Lo
o] T Utk B AFE 539 HAXNYo2REH #
¥ quinoline2 #&|3h= Al NFQ-1& it 71dgx 1
%9 quinolineo] Wit e WG|zt S AFH] £
& Yepiien], tj$o] quinoline °M4 #d f=A 2
WIS SHEE dstde £ 2alsS Uehlr] m&o
olg e A =Ed Xl“"ﬂHE ool gL T
A B GEHOE AAVL o]FAF F & RALE AlRH
t}.  Quinoline ¥3 HAZE FHrl AT
dioxygenases®] specific activityE A Z3=  catechol

catechol
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1,2-dioxygease} catechol 2, 3-dioxygenase?] F+ HAE &

o] 7R 9lo] AF7A quinoline B FAA Hug
E A4S 9dsld 55F oE AZdd. ¥F A7
7] Foll AFE uigoF EE) A NFQ-1&
g quinoline®] &7 FINE scale-updle] g3 A7}
dAFF AT ortho-2t meta-H-) A2 switch-on 2
switch-off} Tedste] WP ol

Obrll‘_‘l.):

o of
£ =

HPAH o ZRE quinoline (2, 3-benzopyridine)S Y3
a4, a4, 283 ALY E o)gdhe AT NFQ-1
3 YIS Fate RS Byd Ade o

gAel 7HtoEA BIOLOG AL %5t Pseudomonas

nitroreducens2. FAEJLH, B AFAE  Pseudomonas
sp. NFQ-12.2 H3slH ) Quinolined) By 57|13 =74
31| B-wi R A Pseudomonas sp. NFQ-1& o] &3l A x|

ot FF NFQ-1 TS 25 mM quinolined 9A17F o)

@73 Eastdrt. wF7IT < quinoline 39 F7h

AMHE-9] 2-hydroxyquinolineo] ¥A1Z oz MALHJTI} )

F717t TRk Algich kel 27) pH 8.02 68% 7

adttrt wjeke] Al wet 7.00] HYck td 1E2A

quinoline®} FE7} F7hetel wep ARGl F=7171 4

olfom, 315X quinoline (>15 mM)L& Fo|A ZAA
9] A77 quinoline®] EIHE JAstArh. Bt A4

OS2 7.6 mM (NH4);S0.8 A7}Z7A3})\ 4 Pseudomonas sp.

NFQ-1-& 2-hydroxyquinoline, p-coumaric acid, benzoic acid,

l° tio rx’l

p-cresol, p-hydroxybenzoate, protocatechuic acid, catechol 5 2]
O FFES 8T 5 AN IR FHEE (9,
6-hydroxyquinoline, 8-hydroxyquinoline, coumarin, indoline,
4-hydroxycoumarin, benzene,
salicylic acid, phenol, phthalate)& EtAQ o Z o] LH R K&}
Btk Quinoline?] RIAZE FH3I7) 94519 catechol
dioxygenases®] specific activity® ZAAZPTG. 2 Fe
catechol 1,2-dioxygenaseol|4] < 184.7 Uj/mg, 18] 1l catechol
1,2-dioxygenaseo| 4] ¢F 33.19 UmgelQlch. 2 Al 73

pyridine, lepidine, quinaldine,

NFQ-1& quinolineE £3|st7] Yt FE ortho-E3|AE
E, 222 FEAHOE meta-FIAPEE o]l&dT A& Ho
Flok

Z AL

€ 97 20009 IS A GedTRy
B A (FANE: 2000-0045)0] 23} FH QLT
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