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Biodegradation of fluorene and bioremediation study by Sphingobacterium sp.
KM-02 isolated from PAHs-contaminated soil

In-Hyun Nam® * Chul-Min Chon - Jae-Gon Kim
Geologic Environment Division, Korea Institute of Geoscience and Mineral Resources (KIGAM)

ABSTRACT

The fluorene-degrading strain Sphingobacterium sp. KM-02 was isolated from PAHs-contaminated soil near a mine-
impacted area by selective enrichment techniques. Fluorene added to the Sphingobacterium sp. KM-02 culture as sole
carbon source was 78.4% removed within 120 h. A fluorene degradation pathway is tentatively proposed based on
identification of the metabolic intermediates 9-fluorenone, 4-hydroxy-9-fluorenone, and 8-hydroxy-3,4-benzocoumarin.
Further the ability of Sphingobacterium sp. KM-02 to bioremediate 100 mg/kg fluorene in soil matrix was examined by
composting under laboratory conditions. Treatment of microcosm soil with the strain KM-02 for 20 days resulted in a
65.6% reduction in total amounts. These results demonstrate that Sphingobacterium sp. KM-02 could potentially be used

in the bioremediation of fluorene from contaminated soil.
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A0 2AE4 Aol thgt 7Rk whdslar, o]
o) A2E Basp) ) 8 o e
stelelolg o}at dTE0] A4Ho 2 ahslo]
J57kA] <43 Z Fluorenes E3l3}=
Burkholderia cepacia F297(Grifoll et al., 1995), Myco-
bacterium sp. BB1(Boldrin et al., 1993) &3} 79|
Fluorenes 3,4-dioxygenation®] WH§-©.F 3 4-dihydroxy-
fluorene®] 3RS B3l SalicylateZ F3llst] F718}
S| AY, Arthrobacter sp. F101(Casellas et al., 1997),
Staphylococcus auriculans DBF63(Monna et al., 1993)
59 #FEH Zo] I1,2-dioxygenation HH&S 3|
Fluorene®] ®3|& A1Z8l= A=E, Brevibacterium sp.
DPO1361(Trenz et al., 1994), Pseudomonas sp. F274
(Grifoll et al., 1994), Sphingomonas sp. LB126(Wattiau
et al, 2001) 53} 2| Fluorene C-9 $|X]9ll4] Monoo-
xygenations 53l oS AlKShs 5o Tkt &
3l AE7F FEEACE 2y, 7R etd ohdst
Fluorene ¥4 WEE] F 34 A Hol| zFsi=
PAHsE ZARSIAYU aE A Hollx &g d#F=
Fluorenes w3l -2 5 75 X3P g A& Bx
ot #A Akge] FHUt mn|gk dAo|th

mEhA, B de 299 EYS AESHE BU|ER
Agelr] 93 712ETE PAHsE 2999 FHBak A
EqflM &2l viEe]ols ©]-838ll Fluoreneol thet
e Brksha, alH ol vehe ik 4
< B3l Wl BERE E=EsIon, JIfFeE 2EAR]
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2.1. #Fo| 22|, 38 ¥ HiX| =4
Fluorene -3l BHE|2jo} £2]E 9ol #H1g4t A HFellA]
PAHsE Q9% EUS AFHslaL, SUES 1gS 10mL
MSMA|ZHIA], Minimal Salts Medium)oll 23 244]37F
FoF &2wHH28°C, 160 rpm)AZ] 3, 100 uLE FH3}]
10 mg/mLe] Fluorene & BHAY o2 715 MSMel 48
AlZE B2t DRIATA vzl $(28°C, 160 rpm), A2
SEuR]ol] 2~Z Y (Spreading) 3lo] T F2U7} Ao
2 W7bA] 53] oY 7ok e 20R At vl
AT AFE-E MSM Fortnagel et al.(1990)°] Al
Algh HIAE HEAIA ARSI, 1 23S Table |
I 2t} Table 19 UeRd viA] 24O 2 Phosphate

Table 1. Minimal salts medium composition used in this study

Solution Component Amount
Phosphate buffer Na;HPO, x 2H,0 140¢
KH,PO, 40¢g

(NH,4),S0,4 25¢g

Mineral salts MgCl, x 6H,0 5g
solution Ca(NOs), x 4H,0 25¢g
FeCl, x 4H,0 05¢g

ZnS0O, x TH,0O 0.1g

MnCl, x 4H,0 0.03g

H;BO; 03g

ng‘jgoilemems CoCl,  6H,0 02
CuCl, x 2H,O 0.0lg

NiCl, x 6H,0 0.02¢g

Na,MoO, x 2H,0 0.03g

buffer 20 mL¥} Mineral salts solution 20 mL, Trace
elements solution 0.5 mLS &35t FHE 1 L9 HIXE
AZ3laL, pHS 7252 2 - ARSSITHNam et al.,
2008). 22H 9] T4 16S tDNA G714E 4 &
NCBI2] GenBank®} EMBLS2] Databases} Hlw S 53}

772 S5t

2.2. E2F Lil PAHs &4

HZ2E QoA A3 EYF U] PAHsS] 5% 2
RIS Sl oF EXS dx 9 #dslE AR F
2g3 Folal, T2 Na,SO4(Sodium sulfate)s 73k
%o Dionex A} 7]7]& ©]838}4] ASE(Accelerated
Solvent Extraction, Dionex, USA)S 33} t}. ASE
FZ 272 Methylene chloride®} Acetone2 1:1% &
g3 F71EME AMEEa, SEE 100°C, ¢Ee
1,500 psi, Static time< 10+%, Flush volume 60%,
Purge timeS 603, Static cycle 33| F~J3}ict. =
Dole FE2NS =313l n-hexanel 2 &vj 2|32 3
th Silica gel columns 53l AL sfal 718w &
5 $ol GOMSE 53l B4 2 AR A4S AAEA
o GC/MS &4 2712 Table 200 BASIACH, 3
do] AY B AT E4E 1659 PAHs HFE4
(Accustandard, New Haven, USA)2 ©]-83}] Hlnl &

M9

:

2.3. Fluorene &35l A&
Fluorene 3l &S $3 A wde ddd MSM
10mLS 100mL &2 AHzb&Eek2==00 10 mg/mlo
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Table 2. GC/MS analytical conditions

Injection mode Splitless
Injection volume 1.0L
Injector temp. 250°C
GC Column DB-5 MS 60 m
80°C (3 min)

Column oven — 10°C/min to 280°C

— 280°C (5 min)

Carrier gas Helium
Ion source temp. 250°C

MS Ionization energy EI 70 eV
Mass range 50-650 amu
Scan time 1 sec/scan

Fluorene®} 48717t &<t 32 wH7]ox 71202 uj
WBIATH28°C, 160 rpm). & B A vl 2o %
102 N2 et wiAe FEste] wiglom, A
FolA B HiFAE AT (12,000 pm, 158, 4°C)
3}l 20mM Phosphate bufferZ pellet washings 23]
AAgE 3, A wljdet Y 0= e whlk vl
Azl mE T AFLS UV-visible spectropho-
tometer(Biochrom, Cambridge, UK)® 600 nm<] I}l
A SAsL AY 2719 15 v $RE VRS
2 0100 B5o] AAsioint. B 12749 AEEeA
£ FHlste] welAdES A o/let 10mMe] NaN;
(sodium azide)E il 70°ColA E-E 7138l Dead cellS
A|ZNam et al., 20063t TR 67l1] AHztEEf-=10
AES slal A1 widsiaint. vl 24x]7tetc} w7 =5
B Control(Dead cell) 17§} Live cell 17HE Ao] W
Falol] BHysial, A3 F5 Fol A B4t B
AFE 72 334 SyAoR Fal, Fashke
Fluorene®} E3HE-2 GOMSESS B3l 4 2 4

F T4 FHseIt

2.4. Microcosm test

FluoreneS ®38l= Sphingobacterium sp. KM-02 1
Fo] B W A4S #Es] 93] Microcosm testS
Tt AFT HFAS EY 1 kgs 750l €L
A EJ| Fluorene2 100 mgkegd] T2 29AIZ]
., Sphingobacterium sp. KM-02 TFE 2L 422}
2239) 10 mg/ml F=2] FluoreneS X33H= 200 mLe]
HjokelS A wjkS B dar, A4EE](12,000 rppm, 15
i, 405 53 FEE FdFE 20mM  Phosphate
buffer® 23] Pellet washing(12,000 rpm, 15%, 4°C)%,
I 600 nme] FFE 2.09] FEE B B4t AES)
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o] 4ojF=ar 28°C 2 wiY7IolX composting AE
FYEIT). A7t 2 B W Fluoreneg =2 W32
] Sl v HE BLOZAHFE v 5Ptk
2 ¢¥9] Microcosm EXS AFHs| 35 2 248 53

STt

i o

o

2.4, EAHHY

Fluorene 3l 2&ollA wix] W 73438k= Fluorene2]
5 Hshes 24AT v I2RE Adlo] WEare|
Bt 12709 A& E Fo]al, 10mLe] Ethyl
acetateZ 83] FE5 3l 1 FFAS GC/MSE 498}
Aot 9ot Zo] = 9 553 ARE 53l Fluorene®
TE U EIE A4S 38190 Microcosm  testoll
A AIzke wel B Yol A ZH438k= Fluorene?] e
AZAF % E2 209 ESS A T
Na,SO4(Sodium sulfate)s H7}5}aL, ASER =3 5o
7181 F=38k] GC/MS(HP6890 MSD, Newark,
USAE &3l A4S AASYY. Fluorene &% 2
e 2498 913 GO/MS Z71E Table 29} 2tTh,

3.1. PAHs 2¥EQF 24
B AFolA AREE PAHs SLEESS] 4

Fig. 12} 2t} vl EPACIA A7 A4S 168
o] PAHs 52§ #4519 =0l, Benzo(a)pyrene, Benzo
(ghDperylene, Benzo(k)fluornathene, Chrysene, Dibenz
(a,h)anthracene, Indeno(1,2,3-cd)pyrene 5 652 =22
AEHA B}AL, Fig. 1914 vERd nlel 2ol 1059
Edo] HAEHLE 1059 PAHs & F5+ 129.0 ng/g
oo, F=rl 7Pt &8 EZL Fluorene® 2 Hit
E57F 46.9 ng/gl = FAERITE £ Ao A Fluorene
< 165 PAHs & HZE 1059 PAHs 39| 36.36%
£ 2AEIL ST V1€ E3de] BaEAW QHES
W Fluorene &% 52 3-180 pug/gS Z(Achten and
Hofmann, 2009; Mostert et al., 2010), & <] AR&-
H E W Fluorene =7} Tk whe H3S Holx
ATH B Ao AREE HEEA Y L AESA
Fluorene°] H&H Z& EYF AFHAIHoNN 3pA 31k
A AR E AR EF T O AgelA -
27t gl slepint 5

AR S T EbHE A7t SF 9 FEE SolA

FluoreneS X33t tjokst PAHy} AAE L, AEE= A
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Fig. 1. PAHs concentrations in mine-impacted soil containing
Sphingobacterium sp. KM-02.

o7 AdHA Ath(Antizar-Ladislao et al., 2006; Storelli
and Marcotrigigano, 2000).

3.2. Fluorene 23l #F2| 22| & sH

Fluorenes £3li& o+ Sl= WE|2jols v‘?'*ilﬁ}ﬂ el
PAHSZ Q9 TR Ao rE £ Aol
Enrichment culture 2 Alt] w2 53] ‘?_}“?4_ F2UR
et &g wideh %E]ﬂ oA T+ F
Fluoreneol] th&| 7}72} B3 gAJo] 2L TFE o83
AR, 1 T Jg =S ‘JrE‘rkET 730l
F& 545 U Fluorene &8l 48 7=
2 759 F4S 93 16S DNA geneS PCR £
SEA)A Direct sequencings AAIEI] AL ¢F 1,520
bpe] A7IMEE 713l NCBIQ] GenBank®} EMBL52]
DatabaseZE £3l €A 16S rDNA S7AEEST} vl
A8 A9, Y TS~ Sphingobacterium sp. GF2B
o} 7P AR 99.1% oPde] FALEE Zhe Bo=
1EATHGenBank Accession Number, FI548749). ©]
7&4] 16S IDNA H7IMEEA 0] AoE npges B o
FE Sphingobacterium sp. KM-02Z EH3I T}

N R

3.3. Sphingobacterium sp. KM-020| 2|5} Fluorene
=l % #Fel 4% 5

A2k A W) PAHs LEEGNA E2E Sphingo-

3l Fluorene £-3f & EQRE- A 77

Fluorene (mg/mL)

Optical Density (600 nm)

0 20 40 60 80 100 120
Time (h)

Fig. 2. Growth of Sphingobacterium sp. KM-02 with fluorene as
the sole carbon source. Sphingobacterium sp. KM-02 poisoned
dead cells (treated with 10 mM sodium azide and heating) show
no growth and no depletion of fluorene with poisoned controls.
All values represent the mean of three independent measure-
ments. Symbols: -@-, ODgy of the untreated KM-02; -O-,
ODyg of poisoned KM-02; - -, fluorene concentration in the
presence of untreated KM-02; -[]-, fluorene concentration in the
presence of poisoned KM-02.

bacterium sp. KM-02 7} FluoreneS BAix % oy
AQoZ o3l A 7FsdAY RS FRlEt] 9
3] 10 mg/mLe] F%2] Fluorene®] F7FE MSMolA &=
T vt ATt wRE Sphingobacterium sp. KM-
022] “4ES} Fluorene?] E3ll's-S 7431}, Fig. 20
Ureld e} 2ro] 120413t ol oF 78.4%92] Fluorene©]
g o, 7] 752 F57F 600 nm 3% 7ES
2 0.11914 120413 Fell 1.02704] Frol st =
7} Ak As #EEATh 1y, SAlel 2 21
oM A3t Sphingobacterium sp. KM-02 Dead cellS
AES wiAeM e d5e] AZHE ofd2} Fluorene®] &
3 A3e A F QUATh(Fig. 2). ol & &) §hE
o] Sphingobacterium sp. KM-0225E A1t== G40
ogt ¥hEelS AAREL glom, & ElEgo}l HFe
FluoreneS EtAdo = o]gs) HEaflshdr A 4=
= SRISIATY. Sphingobacterium sp. KM-027} 2%
EYrMEA= o] PAHsEE % Fluorene®] &7} 718
}-Eﬁkbtﬂ(Fig D, o238k &4 FluoreneS B4 L
o= 488 F e 2s 7}7‘] w57t g
A E"L BER S A= ERAL it

3.4. Sphingobacterium sp. KM-020| 2|S} Fluorene
=l 42

10 mg/mLe] F%2] Fluorene®] 7} MSMoIA
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Fig. 3. Detected metabolites for the degradation of fluorene by Sphingobacterium sp. KM-02. a, 9-fluorenone; b, 4-hydroxy-9-fluo-
renone; ¢, 8-hydroxy-3,4-benzocoumarin. All metabolic intermediates were confirmed by comparing mass spectra using authentic stan-

dards.

Sphingobacterium sp. KM-02& il 3= Y <

Fluorene®] 3= AAFE 7t H3like w4 &
ERETY

3l Fluorene %3l HAZE 3 tt. GOMS B4S &
3l HESH Eal4HE2] Mass Spectrac Fig. 33 2o,
9-fluorenone(Fig. 3a), 4-hydroxy-9-fluorenone(Fig. 3b), 8-
hydroxy-3,4-benzocoumarin(Fig. 3c) 52| 3l 4H=o]
AEFUG. A EHES] Mass spectras 9 3%
FEZO] Mass spectra?} Hlnsl] 125 AS3IIAT 9]
9} Zo] HEH B AEES 7HECE Fig. 49} 7o)
Sphingobacterium sp. KM-020 ]38} Fluorene 3l 73
= Fig. 49 YeRNATE. Sphingobacterium sp. KM-
02 23] E3]== Fluorene> Fluorene oxygenase©ll
9J3}] 9-fluorenone(Fig. 4a)0 & E3lE F
dioxygenase®ll ]3] 4-hydroxy-9-fluorenone(Fig. 4b)2]
B AE-S AL Aoz wddEd) w3k A& 8-
hydroxy-3,4-benzocoumarin(Fig. 4c)= <A] 9-fluorenone
o7 Ry A" Aoz oAE=d), 4-hydroxy-9-
fluorenones AT wjote= o2 Y X|9lA Angular
dioxygenation2 53l 8-hydroxy-3,4-benzocoumarin®]

9-fluorenone
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3 2FEo] AAEe] HEH Aoz ATHT} 8-hydroxy-
3,4-benzocoumarin ©] HEH 7|E AFLZAI 9} Fol
(Grifoll et al., 1995; Wattiau et al., 2001), ©]%] 8-
hydroxy-3,4-benzocoumarin-> Phthalic acid &< F7}
B3 A3 A= HE2E 53] Fluorenes RS
7} 2 Ao odEy. 71E AFAIEN A (Grifoll et
al., 1995; Wattiau et al., 2001) 73&% Phthalic acid=
B AT HAEHA] Lok, o= Sphingobacterium
sp. KM-027} Phthalic acidE /9%t & 1 E40°] &
SHA| oo R SAET] o walely| WiEleE AlRE]
™, Sphingobacterium sp. KM-022] 437o] elgof w}
g B A2E B et AEHAS AR didsiar
ATt

3.5. Microcosm test A|&] Z1}

A7) 713k niel o] PAHs QEEA Hgh
Sphingobacterium sp. KM-02&= MSM WjollX] Fluorene
< BagoR o8N AR 7hsds S,
Sphingobacterium sp. KM-020] &3t 2= 9 EF U
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Table 3. Removal of fluorene by Sphingobacterium sp. KM-02 in microcosm test contaminated soil”

Amounts (mean £ SD", pg/g soil)

Decreased amounts and Percentage

Time(d) By cells dead By cells alive

Control With dead cells With live cells

ng/g-soil %" ng/g-soil %P

99.5+2.7 98.2+3.7 97.5+2.7 13 1.3 2.0 2.0

5 98.1+£2.8 83.2+4.6 75.2+5.8 14.9 15.2 229 23.3

10 94.6+3.9 74.9+7.2 64.6+7.9 19.7 20.8 30.0 31.7

15 89.0+£5.4 72.0+8.0 48.0+8.4 17.0 19.1 41.0 46.1

20 91.4+6.5 68.249.5 31.449.5 232 254 60.0 65.6

% = [(Control — With dead cells) / Control] x 100, %= [(Control — With live cells)/Control] x 100

* Fluorene was determined by GC/MS analysis.

* The mean and standard deviation of 3 replicate determinations.

Fig. 4. Proposed pathway for the degradation of fluorene by

Sphingobacterium sp. KM-02.

Xl HA 7FsAds AXSH] $18 Fluorenes 100
mgked] FEE EYS

Krebs Cycle

S AAFIAL Sphingobacterium sp.

KM-025 33l Microcosm tests F3YsIitt. AE
Az}, 204 Woll Sphingobacterium sp. KM-02 live cell
S TS AYE 7IESZE Fluorene®] 65.6% 4TS
#Es 4 JAATH(Table 3). ¥ Microcosm testol| A=
1 kg®] B2 Fluorene?} E3}¢] CompostingS T3t
ANZ 59 e H4s Fa ARAFHAE ST
Sphingobacterium sp. KM-025 HE3HA] 2 Control
(HET) NaNs(Sodium azide)?} EA2S 3lo] APEA]
21 Sphingobacterium sp. KM-02 dead cell, 23] &
ks B8 AL Sphingobacterium sp. KM-028 H3
Sk Live cell 322 2ate] A2]3tdtt. Control Al
o|X= Fluoreneo] $o] sk &= arefsie] 4
B3l=tl, Test 5 AR 209 A3} 3744 241 H
AelA S RIS Table 3 AFoA B np
9} Zo], Dead celts 2|t A FAME 2] A7l w
2} 209 Zoj ¢F 25.4%9] Fluorene A4S YeRHAL S
th. ©]F Fluorene 574 & F-83l/do] wlj-¢- wro} EF
Pl T2l EAEHA He 97 B2H(Gan et
al., 2009), o]Z2A E9F JAxo| &2 FluoreneS Dead
cellell o3l 2r1E F7IEdE0] HESE A1A 24 A
R g3ER] ol 7hASE d0 = UERE Zlo=E oA
Itk Dead cellZ2 #2]gt AFY ZAFoA 59 Fof
14.9%, 104 F 19.7% 59 74&0] T7HkS el
Ph 159 Fols 19.1%=2 108 F 7AE 19.7% Hrt
e @S e sle Bl £ a7 7K e

FAAES 23R 54 wAUZ] ofd AlojEA] ¢

AT FAasS Hola e A A EY HllM=
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Fluorenes #3lIE = = 8471 S48 Zie Zo=
Tt AAE Live cell Xg] AlgollXE A7k w2}
e8] STk AE &8-S AT 4 ISl ol
ANSS 7He =R A &85 Fo|7] S5 7€ a4
A AAE ARSAGAE o gAY HHEHE Ale)
sl 59 571 AEE B8l AA 85 =Y 7 Us
Ao Z AT Nam et al., 2005; Kolomytseva et al.,
2009). F719F 22 AHES vEC = AA| Fluorene® =
LdE EY 9 Ve tst 3 miAES 59 o,
B AollA i8] 2 o]8F Sphingobacterium sp. KM-
027} ZAAR1 BEZ1) (Biocatalyst)= 282 4 Uors

AP,

N
N
rh

PAHsZ 2GH g4k O ZHE Fluorenes &
Ao g olgaHA wifsta AT F e
Sphingobacterium sp. KM-025 %284}, Sphingobac-
terium sp. KM-02= 120A]7F W9l Fluorenes <F
784% Wl o Ao, Tl g ol TAT o-
fluorenone, 4-hydroxy-9-fluorenone, 8-hydroxy-3,4-benzo-
coumarin %] W3HE BAE B Sphingobacterium
sp. KM-020] 2]3+ Fluorene #3f FA=2E s & 2l
A}, T=E 100 mg/kg®] FluoreneZ L A7 Bk
] Microcosm testsS 20¥ E<F A3k A3} 2k 65.6%
9] Fluorene®] B oA AAES T3 wEhbA,
Sphingobacterium sp. KM-02:= Fluorene 52| PAHsZ
LA9 sk A A=EsH Aol £-88 Zlog At
HH, E Okt 3 AEE dPfe R e A+ 2
0] gREY PAHs 2% 349 AE Eglo) &84
T US Ao=Z 7|gt

gATeA
q

A A

o] =2 IFAAALATLoNA FRAIY(KIGAM
11-3411) Xgo=z S8 A9l

m

f 1

o
rat

Achten, C. and Hofmann, T., 2009, Native polycyclic aromatic
hydrocarbons (PAH) in coals - A hardly recognized source of
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