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Degradation of Indole by Acinetobacter sp. KL-9 with Production of Indigo. Kim, Jin-Wan, Jin-Kyoo
Kim, Soo O Lee, and Kyoung Lee*. Department of Microbiology, Changwon National University, Kyongnam
641-773, Korea — Indole and its derivatives form a class of toxic recalcitrant environmental pollutants. A bacte-
rium, strain KL-9 was isolated from soil with indole as a sole source of carbon and nitrogen. KL-9 was identified as
Acinetobacter sp. on the basis of 165 TRNA gene sequence, fatty acid and quinone compositions. This identification
was also confirmed by the ability of carbon source utilization and other biochemical tests. The growth of Acinetobacter
sp. KL-9 was fastest with (.3 mg/ml of indole and was inhibited by higher than 0.5 mg/ml of indole in the medium.
KI-9 with indole also produced indigo. The formation of indigo was stimulated in the presence of glucose, which is
not a growth-supporting carbon source for KI-9. Additional biotransformation evidence showed that anthranilate is

an intermediate for the degradation of indole by KL-9.
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0.1 mg/m! indole, 50 mM Na-phosphate(pH 7.0)S E§F
&1z -8 100 mpel] A=A Skl AT 2A2E 64

BhE AlZE. oA EiE SRS ethyl acetate® FE
% rotary evaporator® 20004 ‘FEAlZ] F GC/MS
& AAIERI5].

p

JE R

FAME % Quinone =44

KL-92] A|ukAl ZAJLE trypticase soy broth agarel] wijogh
MEZHE AYALS esterificationt] 7] F- gas chromato-
graphy-flame ionization detector®. F413}%t}. Quinone
TLCE. quinone 2% #2]5} & RP;z Waters cohmmmnel] methiyl
alcohol:diisopropyl ether(3:1) £7§& o]-23}e] High Perfor-
mance Liquid Chromatography® 243l9vf. FAMES}
quinone ¥4-& z12F AAbdislare} AgataTielA] A

NEEE

DNA Z=%}

Bacterial cellZ5-E] plasmid DNAS E2]Z ¢ s]A
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ml€] saturated phenols}t 0.4 ml%] phenol:chloroformiisoamyl
alcohol(50:49:1) SH 2 7} gAY FE53 5 T iso-
propanotg 7}8le] ZAl~wA EHBITE 14,000 x g& Al
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A7pe] FAEA] okgke). =k Swlel glucose(0.1%)9F
mannitol(0.1%)l| 43z Ad&e] TFHA] edghet, 651<] o
4592] 2L Bergey’s manual of systematic bacteriology
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Table 1. Cellular fatty acid composition of strain KL-9

Fatty acid Composition (%)
18:1 w9c 35.6
16:0 23.7
16 : 1 07¢/15 i1so 20H 16.3
12:0 3.0
12:030H 2.8
18:0 2.5
17:1 m8c 2.5
18 :3 m6¢(6,9,12) 1.7
12: 020H 1.6
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¥ A3} jsoprene unite 97N 7FAE Q(ubiquinone)-99]
86.1%2 713} W2 kg ARRIslg e Q-89] 10.5%, Q-
100] 3.4%= vehdr}d Q-9 Acinetobacter 4l Xl
Aoz vJelrde] Buwl vl ¢lem Adcinetobacter calco-
aceticuso| A glucose®] AtE}el] Fedd}= quinoprotein®] 7
AqABo2A] cytochrome b-562¢] AR} FEAR UTA
9IH1,7,14,17,25].

RNAY virusS A 93 2E AAleA Exjsb, 218
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16S rRNA f4AS FZ31= primer ¢l 165rF2} 16SR
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©] 168 IDNAE PCRel| 9]s) F331912m M13 forward
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sled 1459 bpe] 7] MES AAsNHEG. I AH=
NCBIY] GenBankell 5E=e] 9123 accession numbert
AF285180°]c}.

RDPY] Similarity RANKS} NCBI®] Blast =2 1712 o]
fale] dr|Mde] AEAL A 8t AH Acinetobacter
calcoaceticus DSM 300062] 168TRNA #1212l 99.5%2]
e vehigles L 9¢ Acmetobacter 2= 95%

o] Ake] *}%—/‘3 g Hed(20,31], KL-9Z Acinetobacter 5| &
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%t
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Fig. 1. Effect of indole concentration on the growth of Acine-
tobacter sp. KL-9 and indigo formation.

Indole was added in the ABM at the concentration (mg/ml) shown
at the bottom in the absence or presence (3.6 mg/ml) of glucose.

AL B} Indoled 0.4 mg/ml FEE LI wlx|ol|A
= 27|12 AR £%= indole®] FAde 28 =FHARE of
1247} o] FHE] wkE Abo] FEFHE=H o] indole
o] Zdo] wixUle] s} depzlel] wle}l oA A7k
A F AL} A= e s FAEAE. 0.5 mg/ml
9] indole F=elxe Aldre] AR 4= $193.2™ o|= indole
2] =4 wielwaL ﬂ‘“éﬂ?i‘:]-. 0.5 mg/ml¥] indole
g AYst B l':'E-GHH KL-9& glucoseZ Egat f
A5l A wE S RockFig 1). ol=lgt A= Acine-
tobacter 4 BAEo| glucose— ehiol 02 o] BalA] E
21t glucose Q-9& 53 AlElste] ezl o= A4
& 7heAel S 74& FA=90eH1,8,25]. KL-9¢} 47
S Hol= wjR|o|A] HEEe] HA =x FE2| 22 4
X}i BAR e FAFE AAbe] whE £ Ud4E ks o}
Epton) o] indoled] Hal HAANA AHHE Ao W
olx indigod} KL-9 ME7} £ vehls @42E 4
et
IndoleS F3Hg+ ABM wiA|oM A€ AR M7} indigo
-2 gelsh] 93] 0.2 mg/ml X 0.3 mgml®] indoled
E3s= ABM HHZM]H 49 <t wiokE KL-9 Wik E
ethyl acetate® FZ38le] A indigo 443} TLCH A2
Rz Aol whE F3=E vawslch 71&ql indole
wjeF 717k Bt 9AE) ARF S TLC BALE Bl &
4= 3lede}. R=0.5¢] AX)o ¥4 indigot 71 A4 spotd
vehlgled, 0.16 $Fle isatind F7 =THE, Re
0.4414% puple Mo] A= o] EH2 indirubin® =
At 714 A FolMeE 600 nmel|l M Hd FEAE
vehdega] KL-9o] A= blue A2] F8. =42 indigo
ele- gelgh 4 9Iglvh(Fig. 2). 600 nmollA FHE Fh
Lu_%}l 3 “H 714 mchgoi A% T8-S <F 1/20~1/30 A
=9L 4 3 gk §A indigoo= 2¥ 270 H 390
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Fig. 2. Absorption spectra of solutions of indigo in ethyl ace-
tate.

The synthetic indigo contained 10 mg/l. Others were extracts of
culture broths containing the indicated concentration of indole for
growth.

nm HA M= F5F HHA7L FAE e o] AL indole
el AN A= o2 FFe A AHEe] &gk A
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njAEe] Bleks H3hEe] 24 Al EAERe AL A
B2 BE Wi FHEA ghot T2 WA AAEE $E
71 A kot 9 497re] wjoFde] ethyl acetate 15—=1—°—1—4
GC/MS EM A% indole AR FZHAZ FAE 4 9l
*+ catechol, 2-nitrophenol, salicylate, anthranilate™ 57
A dsiet. oI5 SE3] flsle] AR F wlelM g
ulel ol oAzl pyruvatedt 3l FZ1oM indole®] bio-
transformations- ZhS A|ZF 4t AA)slgdv}. Ethyl acetate
FZ 59 GCMS £ ZF retention time 14.8%]
ol authentic anthranilate®} retention time ¥ fragmentation
pattern®] -2 EA4lo] FAF A H(Fig. 3). &Lt catechol
(retention time=11.9 min; M'=110), 2-nitrophenol(retention
time=10.6 min; M'™=139), salicylate(retention time=13.6 min;
M=138)= FAHA et £ AFENE KL indole
¢ anthranilate® A3A]7)= Ea) 722 gede 7
HolFgle}l, 2 27Fx)e] KL-9] 23} biotransformation 7&4
Z Za)ksled B Fig. 49 2] indolesll A indigo F anthr-
anilate FAHAHS =415 & 5 9l

Indole k902 o|&8l= n|E<] Aspergillus niger
(2118} Alcaligenes sp. In3[6], Pseudomonas sp. ST-200[9]
4 indigo7} BAEH T BT glv}. =gk, whekE 3}
gEolA 271HeE AAsle v|AEL indoles indigo=
7= oxygenased ZIL = Aol & =AU+
[23]. dlEH<Q] AL toluene dioxygenase[35], naphthalene
dioxygenasef[2,11,23), toluene monooxygenase[22], dimethyl
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Fig. 3. GC/MS analysis of ethyl acetate extract of indole biotransformation by Acinetobacter sp. KL-9.
(A) GC chromatogram of ethyl acetate extract. The mark * is for the anthranilate peak, the major peak at 13.4 min for the substrate indole.
(B) Fragmentation pattern of anthranilate formed by biotransformation. (C) Fragmentation pattern of authentic anthranilate,
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Fig. 4. Biotransformation routes of indole by Acinetobacter
sp. KL-9. The unidentified intermediates were bracketed.

sulfide monooxygenase[19], styrene monooxygenase[29]2}
p-cymene monooxygenase[10] 5] 312w, o33} 5=l
R BEZA4E] oxygenase 372 cloning marker® AN
HA geH10,11,19]. 2 &) FF7b LBAA] kS oxy-
genaseq 2 B n|AEERE indigo?] AANE HIH
3 et =3 HAF cloning®l naphthalene dioxygen-
aseS ©|-83) indigo®] Wk HPake Yo Exsl AL
ARE 2 o9 EalE ol WiEel= B e o
& 7V54E AAET deH2] 22T indoleel] )3 indigo
A4 Al pink =E puple A2 FAH oz P
mdirubin(indigo redye Al 2= F 4 o A
SE EH kel =A 7 diab AFEolE18].
2 of

Indole ¥ 7 fEAE SHE A duspgolch o
A 217 indole ¥ AFE S| $181e] indoleo]
A AgAksl A AAE Palelis 7 Balslgom, o
T4 KL-9°J2kn wuisigie} KL-92 ofe] gajaly =24,
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