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PAHSE &lSk= Sphingomonas sp. K-192| £2| % 54
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Polycyclic aromatic hydrocarbon (PAHs)S-¢)] 2.9 %l E9A] 3-8 A 3] 8t ¥, phenanthrene& #-¢ 3 €tA 43} o
YR Yoz vl )3le] PAHSE ¥3) 8= TF K198 £-8] 8151t o] FF& A WAL 24 AlY o A Sphingomonas
& F3-2] £4) 9] 2-hydroxy fatty acid &3} 18: 1078 E 3313 915121, 16S rDNA G471 DS o] 43 A SH-4%
3 ¥A7Z5} Ribosomal Databaseo| M Sphingomonas CF063}+ 7H¢ 717k #4#AE Ef. K-19:
phenanthrene &2 #te]l4 W& AA4E3 %2 phenanthrene 23|82 10¢ gtol] 500 ppm2) phenanthrened
92% 333127, phenanthrene ©] $}¢] indole, naphthalene 5= ¥ 8tich. =8 A wie} WS $3e
phenanthrene ¥-3]%5-¢] o] % 23 9% ¢ 4 U o] H & A A+ - vete] F-F L9 E )l Sphingomonas
4-0] ] Y E o] EA3}0] o] n|AEL 4 F79 o5 1] WIAF APEL FHT S U= FHE A2

< 2idge
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Polycyclic aromatic hydrocarbon(PAHs)E-2 AJAAe] Ao &
© 2ol A, QIzte] A% S A ARl ¥
HAHA PAHsO| A3 712 2 $4 g g de] F
Z¥slct YUk o g PAHsE D B8 7 olAko] HigkEE 11w
7 AE, A48, 32 Jd aEE §FE BAE Eeinh).
PAHsE ZA & HFZ 59 & 4 =4, naphthalene,
phenanthrene, anthracene, fluorene®® WS w7} 27) 32
3/MZ 73 low-molecular weight PAHs$} pyrene, chrysene,
fluoranthene*] ¥ W 12j7} 47 &2 1 oo FAHE
high-molecular weight PAHs©]TH3).

PAH EAFE2] 815ty SA4d & 87 sae £2¢ =27],
WEkE aele] 2, s1gje] AF Al oEsin, dukFgo s
PAH ¥2+5¢] 2719} BAEl] S7h= A4 77] 318H
IS FAlol 7M. it A sRMEe f71ER
I JAEONA EL W3S Holug {7)sijhEoe] F53t 3
¥ AT, B ZHHU4). AE B0, AHES} EYA 3
7Re] :E]E 7HA= phenanthrene BAH] WE7]= 16~1269¢)
HlH 57 312]E 7FA= benzolalpyrene (BaP)&] 9= 229~
1400¢ F=o|th9). PAHse A3t SAHAEHZ I3t W0,
718, 32 S FEAZIA Y PAHSE Halisle vl Ee] v
©F PAHEC 93 2¥® X9 Azl gL =go] HAh
ol AldEe ©29% AU desr 54 PAHSE ©l83
CO% FUUARIER 9 237l 7Hede BAFATHT).

PAHs o4 phenanthrene2 3782] wWiAlwz)7t §34 83E
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24 33+4 FF7} benzo[alanthracenes} #o} ¢hS HdEl=
PAHsO|A =0} PAHsY] G QIASH= A 3182 B
o] o] 511, I3 4o PAHsS] AEZ o], MEH3}, 1]
A FE AT7sty] A5 Rd2A o] 8Erk(e6).

SVl A E de] PAH £3) v|AUES] g £¥ 9 54
off &gt A7} 1990 thel] EAXEA 3} HREHIYE A
olt}. ¥ AT Euete] PAH £l WAES A Hfal
ARl 299 EF A8 Z7E phenanthreneS- #-33l= #55
e - T4, 598 GopEgitt

Mz W e

Phenanthrene &5 32| 22|

2000 119 7% 9AY A5 FRAF A2 RE f-5
o 24d EYS AN EY AlRE EY 19 ol
5~10cmE2FE  AFHste BT E  conical tube (Sarstedt,
Germany)ol] Y83l APHs 8k & B3} A 3
ANHUAE nitrate minimal mediume W HOoF T FA]

Z5% 1L% (NH),S0, 0.03g NaCl 2g, KHPO, 05g,

L

ST
MgS0O, - TH,0 0.05g, CaCl, - H,O 0.02g, KNO; 00l g, trace
metal solution 1 mlS H7FstAth A wf=9] A§- 1.5%9]
Bacto agar (Difcoys A7}t

AHAE EF A 05g& 500 ppm] phenanthrene (Sigma,
USA)e] 234 5mie] HAaAAu)=]e] 4E3}ar 28°C, 180 rpm
AlA 137 F FAAul%(enrichment cultureys- STt Bl GE
AEE YT 219 AZRE MAZ 100w HEsle 1Y
S viFEt ATt oleAst AlthAg & 33 WHE3ITh o] A
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FAE A AArE o83t Mgt T FHhuAiA|o] 100
wd HEFSA 2 Yol 100mie] opHES 91 2g9]
phenanthreneS &3t 28°CollA] w3k E<t A F9o
Erd B (clear zone)°] FAHE HFE ATz Adsyct
(13). A¥E JFEL &5 wWSsty] Y8 wyptic soy agar
(TSAyEAlel HE3l] v ks Eelaiyct 228 9
22 oA HauAEiAle] HFH - phenanthrened =<1 oAl
£ 2g100mhE £5319 #al5-S AAs gt

Phenanthrene 281 @F2 54 % S8

Phenanthrene 23} A7¢] Aslsty 542 g mof, A4
A, ¥ g4, 23 API (Analytic Profile Index) 20 NE
test strips (bioMerieux, Marcy-IEtoile, France) 4382 53l &
3. PAHsE E3l3he 7559 A4 248 938 TSA
oA 24~48 AL HlQFS ¥, AlX ] AAHFE-S- saponification,
methylation, extractiond}®] microbial identification system (MIDI;
ChemStation Version 4.02)2 53 #4331t}

16S RRNA FARE FZ3)7] 918 ©-¢F primerE eubacteria
o Eo0]AQl 27F (E coli numbering 8~27:5-AGAGTTTGATCMTG
GCTCAG-3)9} 1492R (E. coli numbering 1492~1510:5-GGYTA
CCTTGTTACGACTT-3& ARS8} tH(14). PCR ¥H8-2 PE480
(Perkin Elmer, USAYS 0])£3}412¥ PCR 8h8 Z7L& 95°Co|
A SEIE 7] AEE & F, 95°ColA 18, 55°Cl A 18,
72°CA A 1.58% 303 WkEEty opx|gelle 7200904 10831
A F 4°co M B

3" PCR AHE-S BAIR & 971N 9 S %819t 234
16StDNA €714 E7te] FALEE Polrrl $8] NCBIY
GeneBank®} EMBL®] database|X] A 168 1DNA B714Y
< Hlm - A3 L(15), |8 EUZ phylogenetic treeS 244
SFHATH17).

#2| 8l #32| PAHs2} phenanthrene 25

22" TF7} phenanthrene )20l & F5F-2] PAHsE 3]
T F A=A ARE F2lsl7] Y3 indole®} naphthalene2
HaruAuAe] FAHE AES F, HERA 5 2dFAE
Hrbs] oA A4 2 H3E #FF)Hon, fluoranthene
pyrene Z}Z} 2 g& oMAIE 100 miol] o HjA] fjoff 73 £
oA FHo| Fyge] ¥4 f-57 & 7 59 wjA] A7 W)
g B3

#2]% phenanthrene #3) T57} phenanthreneS FU3
A AR D2 A o] &8t} J3l=AE Lolrr] 93l 100
mi9] FHAWA w2 phenantbrene®] 500 ppm HEE H7}sl%Y
th. 2% phenanthrene ¥-3] #FEL 0D oM FF=7}
0.15~0.27} Hx & HFsHoH, FEL g | mi} 4 mle]
£-v]] &% B [acetone:methanol:hydrochloric  acid=10:10:1(v/v/v)]S
33t 0D, o4 spectrophotometer(Biomate 5, USAYS o]
3 S 3ATHE).

Phenanthrene 385 5742 AIZPHZE wigelg smiy H3le

PAHsE H3W51= Sphingomonas sp. K-19 289

ZHE31= phenanthrene %F& HPLC (Waters, USA)E. £-41313 0}
WEEFEDZA pyrened H7151 3809] ethyl acetate® 7131
%, anhydrous sodium sulfate® doRl= FEE AL, 7Y
F5 BAZ ethyl acetate® FUA|A 5 phenanthrene s F&
3}t 523 phenanthrene acetonitrile 2 miol %< LC-PAH
(Supelco, USAY’} 335l HPLCE o83l £43l9th A8 S
& 717 plus AutosamplerS ©]-83t] 20 ¥ FUFHAIL column
LEE 30°CE FA3H, 100% acetonitrileS 3 0.8 m¥ &
WA UV HE71E o183t 254 nmoll A S5t

EEE TF25H phenanthrene E3JE F=317] Y3 TSBo
A s 48 HANAH AR AlFste] oDl FB=7t
0.27} F =% 500 ppm®] phenanthrene®] EFF 100 ml2] 4
AufA] ol HFshed 28°ColA 7U3T 180 rpmellX] A& vl 31
t}. Phenanthrene w37} o #AE U4 B2 F F
o] HAaHAAupRZ 38] 423l phenanthrene £35S F =3}
A &tz 487 T HESAT AITHER v S
s 99 WA FA3A HFET phenanthrene 35S =
At

22 9 0@

Phenanthrene &8l ZF2| &4 ¥ 53

Phenanthrene #-3 MlT& £e]3l7] $8] A3 FHAE A
o 7 2 AY EFE 7L JAuGS XSk 2 &
AY HEdAY S AR F, Kiyohara®] H13) 2J3)
phenanthrene®] =¥ HAAufR|o)A HE F9o) FElg £
HES YA AE AgFoz FHaly 3ol v TS
Helatdch. 36 5% thddt PAHs UidH £3l50) £ B
e dPdos A K198 8Tt K-195 2384
o] 7Hte 2 TSA HiAA 24417 o] vl S o) o]
AgEIon, Feke Aol sl M-S wUTk API test kit
£ ol83te] e HALE AA3 A} K-195 Pseudomonas
putidaZ HEEHP oL FAMS 28] FAE FUthtE vlAl
}\]).

229 K199 F8 APt 181072 YERto s, AnkEel
oA 2 YehA] o= 2-hydroxy fatty acidEo] LAFATH
(Table 1). o} AHAE-LE Sphingomonas <5914 Yeh = &4
A EAoz LA Urk19). 49 A K195 durEQd
phenanthrene 2T E2] 3R] Sphingomonas paucimobilisZ.
B=H o) A27HA] 8187 phenanthrene E3lAlHe] £EZ2 &
Aeromonas, Alcaligenes, Flavobacterium, Comamonas, Norcardiodies,
Cycloclasticus, Mycobacterium, Pseudomonas, Sphingomonas7} B.31
FA3(1), A2 Pseudomonas 301V} Flavobacterium 5202
&7 PAH ESATEE ] Sphingomonas®. AE-FE I ATh11).
K-199] 16S RNA #AA F71XEE 43 23, K-19&
Sphingomonas CFO67} 99.14%9] FAMIS RAFT) £33t B
AP Al E2l9 #5559 16S (DNA F7IMEEH &
7| phylogentic treeE 2H33t] o|EFel FAHEH AE A}



290 Kyudong Han et al.

Table 1. Fatty acid composition of K-19.

Fatty acid Relative (%)

14:0 0.58
14:0 20H 6.48
16:105 372
16:0 12.14
17:106 2.76
16:0 iso 30H 0.39
16:0 20H 040
18:107 56.73
18:105 1.74
18:0 0.78
11 methyl 18:1@7 245
Summed feature 3

16:107/15 iso 20H 11.83

B} THFig. 1).

Sphingomonas %9l &3 o8] AldgEe B &, AJE &
o dg] Bxs)o] glom, thegt olsksa S 7HA L Jlo] &7
o4 PAHs®] 4EF o858 4 e & FAEE 7t
A1 Jqoke). wEkA Eel" 52 phenanthrene ©]9]l T

[ = O Bx& A~ [e] =
0o F5o QLHAEAS BT 4= g HoeE FAHHET

22| &l @F 9| PAHs2} phenanthrene 8}
E2]% K-197} phenathrene ©]2jo] ke EF2] PAHsES 3l
SHEA] GolE A3, indoleEFE indigoS B AIS}AL, naphthalene

0,',1,; —

i K-163
‘K-122
- Sphingomonas paucimobilis EPA 505

[ 11
gy —— Sphingomonas sp.G2963
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@( — K-311
52 K-38
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Fig. 1. Phylogenetic tree of K-19 based on 16S rDNA sequence.
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< BalEtic). 12y fluoranthene™} pyrene #-33H2] R3hrt
(Table 2). W&tA K-19= #E A7F ol indole, naphthalene,
phenanthrene & F3i8h= TY2 FRISIHIL, Sphingomonas 2.
2 FAHAY. Pyrened EHE ¢ U= Sphingomonast
Sphingomonas sp. strain KS14(5)$} Sphingomonas paucimobilis
BA2(10) 5 457} &21A 3L, Sphingomonas paucimobilis QI
3} Sphingomonas yanoikuyae B1< biphenyl, naphthalene, m-
xyleneS B30 4= Uvh12). Sphingomonas sp. strain F1999]
7%= toluene, naphthalene, dibenzothiophene, benzoate, p-
cresol, xylene?} isomerS Ealsh= Aog A Urh(is).

500 ppm&} phenanthrene®] X FH HAHA iR oA K-199]
phenanthrene #8153 A& FAE AHRITE dvtHoR
PAHsE HA] wix] AollA] YAt Hel2 EAsh o] zjgh Y}l
TF7t F35H] AG3IEE Iwabuchiol oJ3) AIHE HHE A
S3IATh®). FElE T K199 B¢ 2978 f=718 AA 3
Y olF i RS HEor, 8Y o]F w& ApEIld =Y
3} CHFig. 2). Phenanthrene?] ®-8l= Trale] A3 Ao vl
a9t 2 Bete] fErztele Al Ealirt MfEA] UL,
el A4S 12l 3% o]FRE] MAM3] Bajrt AlRE 4
3} 69 Ateloll phenanthrene?] o] FA3] FHadhe 21 WE
Wi, o}F 1097% MM 3] Eai7E AgES B 5 AU
o] AL T3 Rl #FE0] YT g4 duAdew
A phenanthrene$- ]85t S 1T 4 AATH LuHA
© & Al#o] phenanthrene?} 2-& PAHsE ©]8-3td 44& 4%

Table 2. Degradation of PAHs by K-19 (plate assay).

PAHs K-19
Indole +
Naphthalene +
Phenanthrene +
Fluoranthene -
Pyrene -
+: Degradation
-: No degradation
800 0.40
£ + 0.35
£ 5004
o —_
g A 0.30 %
F= 4
g 0.25 8
o =
$ <
.& 300 | 0.20 g
g 015 @
2 200 -
& 0.10
1004 0.05
t ] !
0 . ; : 0.00
0 2 4 6 8 10

Time (days)

Fig. 2. Relationship between phenanthrene degradation and growth of
K-19.
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800
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Fig. 3. Induction of phenanthrene degradation by pre-culture of K-19.

wE ARES Holed|, o|Ae Alito] PAHsY] Ea IHHFd)
FeEe] FUNARIEC] i Y2 BulEr) miEos duA
ATHB). oAl FTE Sphingomonas strain 1-21 (1) 200 ppm2]
phenanthrene®] E3He ui=)ol A 44E A9 0D, 2 HHA)7}
oF 00601401, Pesudomonas sp. ATI(8)2 1,000ppme] phenanthrene
o] 23 HiRoA 4E A9 0D HhA7} ¢ 0.101%0t}
SRR o] Agel| A EeH F3= 500 ppm®] phenanthrene©] 3
gl HiRelA 0D, o HA7F 0378 YRR oA A
=3 PAH 23755 B0t 9%53] ¥ 4452 vehle A
o2 AzZter

K-195 500 ppm®] phenanthrene®] H7}H 2B AuiR] o] A
HAIZ] A9} 2T o Z TSR MUSE TS ARESHe]
PAH &3 +%=%} phenanthrene #3812 AABAE A stgr).
Phenanthrene S 3718t HABA ) A Zufokel APTL &
=719 4 glo] viE E3E ARl 1| gkl 72.3%, 2 Dol
93.5%, 34 o5l 98% ©]4+2] phenanthrene £3]-&-& RS
et 12t TSBOA i ge ti27& PAH £3) 5718 A
A 39 0|3 HE 2AX FAE HAFAFe. 3). olHE 2
¥}= phenanthreneS ©]-8-3F Zuj<F ¥ o] phenanthrene 23]
%) K-192] phenanthrene #3152 ZAZL BT,
oprt e Aol o] FrElejr A Ao AziEn)

olxell BI1H Sphingomonas strain 1-212] 73$-%. phenanthrene
o] H7tE FHARA Ao e UM phenanthrene®] E3)
5= FRAAHLH(1), Mycobacterium sp. C2-32] 7352 pyrene
o] H7ke HAAA x| HudghoZM pyrened] B =
A FTE =3 PAHse] H307} surfactant} humic acidE X&)
o g FRHETRE ATARE AATH).

AF7A] S BG4 HelE PAH EaFFE) e g
= V- RIoFeRA|RE, K-199F Zo] PAHso] whdt Haeg 2t
Sphingomonas <o t$ B-& A7V} A% AP oz f-570l
sl e B 5 2 A fA6] 248 £ F v
Ao AaEr
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#Ale| &

o] ATE 20028PAE BETIEL YetATHIe] Xgloz 9
THA.
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ABSTRACT : Isolation and Characterization of PAHs Degrading Sphingomonas sp. K-19
Kyudong Han, Seong Hwan Kim, and Seung-Yeol Son" (Dept. of Microbiology,
Dankook University, Cheonan 330-714, Korea)

We isolated a bacterium, K-19, which could degrade PAHs (polycyclic aromatic hydrocarbons) from a soil sam-
ple contaminated with PAHs. K-19 was cultured under the conditions where phenanthrene was a sole source of
carbon and energy. It could also degrade other low molecular weight PAHS, such as indole and naphthalene, but
could not degrade high molecular weight PAHs. Fatty acid composition analysis showed that it contained 2-
hydroxy fatty acids and 18:1w7, which are the characteristics of the genus Sphingomonas. Its phylogenetic anal-
ysis using 16S rDNA sequence data showed that it is closely related to Sphingomonas CF06 among micro-
organisms in Ribosomal Database. Sphingomonas sp. K-19 could degrade 500 ppm of phenanthrene completely
within 10 days, and grew faster than other known organisms that could use phenanthrene as a sole source of car-
bon and energy. In addition, we found that its phenanhrene-degrading ability was enhanced by preculture, sug-
gesting the possibility of induction of degrading enzymes.



