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Burkholderia sp. D50{| 2|8} phenanthreneZ} pyrene =5H
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Polycyclic aromatic hydrocarbons(PAHs)3 33} Burkholderia sp. D5 5§ £ E¢o = ¥esg,
PAHs®| 2884 & A8t £ FFE #Y ©h44°22 phenanthrene(Phe)$ o] 43t AAto] 715344
31, pyrene (Pyr)& frY st4a9 0.2 o] 43t QAR & £31% 21 yeast extract(YE)E F7|AZ A7 & =
A M PyrE £ E 4 s1siv}h £2] 752 PAH £ ¥ 4-E%= YE, peptone Q glucose®] H7}o 2 &) 45 %
2y, §3] YE ¥/} A7) M4 S8t 7] Qe A BSM)¢l| 215 mg-Phe/L 9} 1 g-YEALE 3713 274 ol A
Burkholderia sp. D58] 814 AH<4:%(0.28/h)$} Phe 28] <4-%(29.30 pmol/L/h)= YEE H713A & 2 AN 9L
W] A A4 2(0.02/h) £} Phe £ 5.(12.00 pmol/L/h)2) 77t 10W] Y 204 G} Phe S 7] A 2 T3 A4 A4 ¥
AZEEW,, )% Hd PheE {42V, )E 47 034h" Y 89 umol/L/h o] G I Pyr& 7|1 A2 FIF¥ A 1.,
o} V.= 42 027 bh' R 50 umolL/he] e}, Phe -2 Pyr @5 714 slojA] &5 v S o
(29.30 pmol-Phe L/h, 9.58 umol-Pyr L/h), F 7] 3 &] £33 71 o A] Phes} Pyr 8<% 247} 2.20 9 2.18 pmol L/
hZ. A 85|l &} Burkholderia sp. D5 F3-= £ A Phes} Pyr& 238 4 913l &1, Phes} Pyr 8l &2 7

2+ 2003 ¥ 1.09 pmol L/ o|$ic}.
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PAHs (Polycyclic aromatic hydrocarbonsy= 24 §7)3}3HE
2 M, 3hieks 9 AR AHAAR) & 5o A4 aqld
of3 WEEAY, Aol M T 3 A8 AR, A AlFT
dolu Ft Fo] ARR B o3 A91A agle] ofs) mjEEct
(10,11). PAHs= ®rAhTE]geol uwiel AEX}F PAHs (Low
Molecular Weight PAHs)9} 3122} PAHs (High Molecular
Weight PAHs)E €T 4413 PAHse 47} W]k ghane]
E ol 24E woh Ao B st gt Au
YAt the H1sheo] Zobx] atel F2to] 2 =|#] ekt o]
EEES 34 54E dovle oE ¥EAd o naph-
thalene, phenanthrene 5°] &3} LEA1EF PAHs= 471 o)4he]
A1 E 7HR BAS 9eh, Bl 2 8852 o YAl o
& sk o] vl sobx] Yo & FatH) o) BREL wet
e dod rhsAde] wie w8 AeE 4¥A 9om, pyrene,
chrysene, fluoranthene F°] THiEZQ] 3}3hEolc). PAHs: &<W
o]9} MRk oplEhe FAEAEAQ), EY e HAE ARl &
o] glod Hopleg 53l AEwS =uA S 2 sl
AE skdh I7te] 217 A-S- fshe sl Bdolt.

FHZoll PAHSE L FE B, HYE ¢ X355 34 134

“1-pp=
<l oz Bls)r] fleiA AE8HE B9 (bioremediation) &
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Ho] EHI k). olEF e Edye QdEd S
Eafghs Ao 84S ol 8sld 29" 84S Ak
o7 A P delE Ao R B8k wWiyo|th
AESHE WYL AL - Y sl 2E7) i E¥ - 8}
SHAQ1 ol Bl A Ho|x, 22k L BEA7} EA] =
87 2330 Hholth 53], PAHsS & 554 2¥9d
ol Ash= wlAEol 9] PAHs 3] EAo] ui§- ¥7]
miEell PAH E350] 958 PI4ES AN os 0 d3d
HeAA Bl 2A& P71 bioagumentation o] #-&
Hi Q2. 4,8). Z1#EE bioagumentation o 8 5
© PAHE f&402 F¥ & e #& PiEXde] &
¢ a3kt

2 A7 dAsg|47) 37) ©]8k) phenanthrene (Phe)¥}
T2 AEA PAHs 313HE By ofe), WA mE]RE 47hA
pyrene (Pyny# 28 112} PAHs 3{E-S AHHo T 23lsh=
Aol 55 & Eel - $785ked PAHs w8 5498 ZARIITH

e N A
o K| R Al2f
2] 739 PAHs ¥3) 842 S35} 98 AFES vix=
basal salt medium (BSM)S.E, ®jA|ZFAL vgx 2o

KH,PO,. 1.5¢/L: Na,HPO, - 12H,0, 9¢g/L; (NH,),S0, 3gL;
CaCl, - 12H,0, 0.01 g/L; MgSO,, 0.15g/L. (pH7.0). 3+, BSM
HR|ol yeast extract (YE)E 1 g/ 713 v x(BSM-YE HiA})



268 Tae Jung Kim er al.

= o] 8315tk Phe -2 Pyr& methanolo] Iod 247} 25¢1 &
5g/L stock 8-S TET} PAH stock £4-& 0|83l BSM
Z-2 BSM-YE iAol Ag3 Frt HEE W7 ATHBSM-
PAH ® %], BSM-YE-PAH ®}A]). BSM-Phe agar plate= BSM
agar plate (15 g agar/L)°l] Phed acetone®l] =<1 888 ¥y Tt
EQ1t} & AFolAle uiAl g AJ2k& Showa Co. (Japan), PAHs
+- Aldrich Chemical Co. (Miwaukee, USA), acetone, methanol,
hexane ¥ I €] AJ9F& Merck Co. (Darmstadt, Germany)A|#-S
ARE-EFATE

PAHs 28l 2F9| &+ 22| ¥ 83

BMS HIX] 100mlo] f-FAZHI FH SHES 10g7
Phe 1000 mg/LE 3718t 30°C, 180 pmoliA] v FatHT). 5-6
A JeuF F g o] BREE, A iAol HujgddS
10%(viv) &3t Y 214 wieketsict. ofeigh Alul g
& 1038] WHESE 5 ufed-& 3)233}e] BSM-Phe agar platel|
=gk 3 5 30°C g27]d ¥oi 3 wiFstsitt. BSM-Phe agar
platecl] A58 Fete] Fejd S oe} 789 F5-5 A8
of, BiugS B3 Phe #-3l B4 348} Phe w3 A
o] 9473 D5 T-5 & Felskrh

oAb Hi A PAHs 251 S =A}

9] PAHs B354 ZAMIEE A3 A4S v
o2 FHlstqnt. ¥8] @& BSM-YE HiR|o|A XAt
Z174A] wl kgt $(30°C, 180 rpm), Bl YRS 428k (7600 x
g, 10min) TAE 3Tt Fodt FAE GaTE 23] Al
A8 & BSM i x]o]] dEHle] HEFYUOE ARSI B 4
FollA 7] HF FEE 0.02 g-dry cell weight (DCW)L7} 5
T 3t

A} wpdA A 2] FelitFel oigh PAHs 23] 54 A
317] 918, 4mi teflon-coated screw cap®] BH Alg ol A4

HiZZ 5ml ¥l PAH stock £4& Phe 32 Pye 557} 215
mg/L7t H=E ArRiEn 471 HYeR FHld 43S
Aol d7kst F vplE o83t AlEa-g D skt Bl
E84 qhgol 23 pPAH BIE A S8, dFS HES
A BL UET AP S FAlO] TP BE AP g
2 A8Pskha W% 30°C, 180 pmollA] ekl ok shxet.

F2T59] PAH &3l S0l PIXE A7 S AR
A3l 1 gLl YE, peptone, tryptone 2 glucoseZ BSM-PAH 8} A
o A7kt Phe 2 Pyrs 242} 55-760 mg/ll B 43-715 mg/Lo
HoE 27 FES AT 20004 BalgFel 23 PAH £3)
£EE 233l Bal&se vXe PAH T 9% 2 £58
2 34E FesldT. Phe} Pyrs 110 mgl® 32 215 mgl ¥
BSM-YE HjZ]o| 3718 274 Phe E Pyre] Hal&EEE 24
3l ZHzhe] pAHY| el v|A]= FEe AR

EQLHOIAM 2] PAH £35l AL
LEEFE Az A B EE olstdR I Sl
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A AR, o EAE 5 ARAZ e, 600um A2 A
A AA=7E n2A SlHh 57 g8 Algdel] B 157
BSM-YEH|A] 5ml& 718 ohd 120°ColA] 3083t ashd+t
sl o] A@we) D5 TF MYAE HESI PAHs =7}
215mg/L7} F52 PAHs stock solution (25000 mg/LyS #7}&}
Aok D5 FFE HAESA e 2 AEBS BT oE &
HIEE ) o} AP TS 30°C, 180 rpmoll A} Aok 3199t}

=AUy

A4} ujdAl9 EFAFoA PAHs FEEAT TF B9
ZAL g 22 WS o) 83t A48kt 2 midAIzbE
2 AF3 A E T v FIN hexanes H7FBHL 308
& wwgt F Ao A7 A% BR|ete] AF hexaneF
v 55 sttt PAHs7F 8550 Sl hexane
=2 02umY] filter2 &3 = BEo|2317&7)7} FAE 7t
23 ZelE T3 (HP 5890 series II plus, Hewlett Packard Co.,
USAYE ol&3le PAHs B2 43819t HP-5 (60mx 0.25
mm x 0.25 um, J&W Scientific, USA) 28-S o] &38l9al, FY
Hol ASH LEE 230°CE AA3eH, o8 2ke 27
LEE 45°CoM 1R, °]F 5°C/minSE 100°C7HA} 528 oh
THA] 8°C/mine 2 320°C7HA] 523}, 5% &1t T3l £4
< 519tt. 3159 vl FAE 23381} spectrophotometer (Milton-
Roy Spectronic 20, USAYE ©]-8-3}¢ 600 nmol|A FE=(ODYE
223190t} ODE dry cell weight (DCW)2 B4FSF=H], 0Dy,
=1¥ = 043 g-DCW/Lo] AT}

3

Nl
O

A% 3

PAHs 2{2F 22| ¥ S8

FHE 299 ESL AR B o83l Phed &
Y gagoz AR 7719 wlAe)A Faluidste] A& wjek
Ao ZHE 759 Phe ®3 o5& ABEAT}. 78 T Nap
B3eS NapS #Y gadog H71sh wix|oy 2413 Ax)
EE #F< Nop B384 /A Ak o] 759 5 F
A Nap B Phe ®3l50] 958 02 D5 d55 A8
. A1 #E MIDI Sherlock Microbial Identification System
(MIDI Inc., Newark, USA)S ©]-8-3}<] phospholipid faity acid
4L 58 54E 33 B Burkholderia sp.E SRS AT

42

PAHs 35 §4

B dpo M 223t Burkhoderia sp. D59 PAHs 3l
v|X= YEY FHVtEHE 8R1ey] $1ste] BSM-Phe Z2
BSM-YE-Phe vjA|ol|A Phe HEAS ZALSFETHFEg. 1.
BSM-Phe HiX|o|A D5 @58 FE3HA 92 tizae] 5ol
= Azl wel phe TR WHEY A9 BEFZA gttt
(Fig. 1b).

D5 TFE Phed FY 4902 FHUIRE V)R BSM-
Phe iAoMY Phed E33IHA A3t e, of& D5 #57t
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Fig. 1. Phe degradation in basal salts medium without or with 1 g/LL
yeast extract by strain D5. 2\, Abiotic control ; &, BSM-YE ; O, BSM-
YE-Phe ; @, BSM-Phe

Phed B0 o]83He 9|3}, o] ujR|o)A DsEF] H]
AAET W= 0.02h, Phe EF4EEE 120 umol//h ©)TH
Phe®} 37 1g/L YEZ 37}3 BSM-YE-Phe Hjzlo| X D5 75
+ BSM-Phe HiA|o|A Ko} R wWE £x2 AP
=028h), AA7] §l°] Phes WE £E2 Fa)31h29.30
umol/L/h). BSM-YE-Phe | Aol 4] 2]Phe ¥-3] T A 2A7]7}
EAEHA] Be RO Hol DS #= YES} Phed ©Ahgio®
FAll ol gste AeE ALEHT: 3 1gLe] YE ¥ A7}
g B X(BSM-YE B X))ol A DS FF= A 0.15 g A%
&A%, BSM-YE-Phe HlX|o A= Hdl 0.25 g/L7kA] A48+
o}, 0|23t A% D5 TF7} YE EA5I)AE PheE BhAPO
£ o] &3l Jgshe AS AAIRICH

HEAQA AEAF PAHSY PyrS FY ©2og o3
BSM-Pyr 8|29} BSM-YE-Pyr v} o Axl2] D5 FF9o] XA}
Pyr 3l A9-& Fig. 201 A8t D5 T5~= BSM-Pyr Hj
ANAE PyrS B3 5 AT AT ErFsakdnh ahy,
BSM-YE-Pyr Wi R4l o AT ohg} Pyrs H3ll=9]
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Fig. 2. Pyr degradation in basal salts medium without or with 1 g/L
yeast extract by strain D5. A, control; &, BSM-YE; O, BSM-Pyr;
®. BSM-YE-Pyr

ok WY Z710E Pyro] WRE £ EAjE Ao, vi YAl
F7gkel W pyr B3 =7t F3 =Rk D5 5=
BSM-YE iAo A H1 0.15 gL7A 4331929}, BSM-YE-
Pyr WiR|X= H3 0.56 g7k B3I Pyr-YERI Aol A
2] 2219 biomass®] %0.56 gDCW/L) & YEd| S5 ZHe=w
Ho|= 0.15 g-DCW/LS AT B¢ &8 Pyrg o83 52
2L 041 g-DCWIL o] siF=Act.

ARk o7 g3 AT ARINEL T2 eige] 38t
T2 B34 E8lssy B4 s 29-sed9), ARt
% PAHs7| ¥4 PAHsET}F AR} Lol Aoz By
1 k3, 5). B G0l YES A7Mte s pynt e
IEAEF PAHsY] #-317} 7FsEs wglo2M, YEO| 93 Pyr
9 Fal5S 2T § IS EHY. Pyr E3s Aol WX
¥ YEO| 93] tisire e AT A7 e Aoz
At g

Phe 2 PyrE A7}t BSM s Aol YE, peptone, tryptone
W olucoseT 1 g1 H7HE 200X D5 T2 HIAAET 9}
PAH H3&TE S4% A4E Table 19] AASHHATE YEE &

Table 1. Comparison of growth and PAH degradation rates in basal salts media supplemented with different additives

Addit Phenanthrene Pyrene
itives
Specific growth rate (/h)  Phe degradation rate (umol/L/h) Specific growth rate (h)  Pyr degradation rate (umol/L/h)
None 0.02£0.00 12.00% 0.00 0 0
Yeast extract 0.28 £0.01 29.30+ 0.80 0.19+£0.02 9.58 £ 042
Peptone 0.06 + 0.00 20.26 £ 0.00 N.D. N.D.
Tryptone N.D. N.D. 0.18+£0.00 8.97+0.31
Glucose 0.06 = 0.00 1419+ 0.59 0.11+£ 0.0t 7.12+£ 027
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7V A5t 7P w2 vIAREES PAH BEISEE 48 &
Ao, YES} FARE 7184818291 peptone 3-2 tryptone
& 7K 397 2 e g E3vh tEAA FH3 glucose
A7 Aol 459} PAH B3l&5r) Foleh= &3
FE T AR

3719 AFRERE AEFAE BT ooz FAY
% Sl YE, peptone, tryptone 2 glucose} #-2 H7HAIE 71
Foas g7 A oplel PAHS RIS EXES & 5
Atk the ATFAEE FFoH ) PAHs EAlE FdAZITa
R 3MATH3). Lethomaki®} Niemelad Bl YE& H7IsiF4
PAHs %3] £571 P39S HYIT), Yuan & T v
E el 9§ PAHs £3l50] YE: H71ol o) SHge Hu
g Hf Aok, 3 B /7] E3E9 2EE A
TFER] 84US HER vk JThe). ol dTFEY] UiRRe
T FYE o83 PAHs o g FYAE tigh
S AR Zlo|t}. B ATl Me &5l Burkholderia sp. D,
o] A pheldo] A= YES} 28 HrlAlel a9 = A
ZoF st

T

i of
p

n
o
o F o o fr

HT BN SN Z | PAHs 28l £

Phe T Pyr Z7] 71A¥EE 50-750 mg/l. HHE H713BSM-
YE-PAH B}A]9l 4] Monod equation® Michaelis-Menten equation
< |83t D5 #5-0] HIAAE TS} PAH R34S 1493}
STHTable 2). BSM-Phe HiX|ollA] o) wigRETo Z3Pks
7F 242 005h 2 15umol//he 2 H|7HE AT ¥ wsle
BSM-YE-Phe H|R|ol| M= Zbz; 0.34h 2 0.39 mmolVLLE YE7}
F7r8 2904 Ho wjARE T oF T =ik 3, Phed)
R 5= BSM-Phe®}t BSM-YE-Phe H |4 242+ 105}
289 pmol//hE, YEZF H7bd ZdoiA oF 38 Egtt) 3,
BSM-YE-Pyr v ZjollAje] Hojj vldd& 50} ) Pyrial&es
Z+Zy 0.27/h 2 50 umol/L/h ©1 AT}

P putida®] 73-%- NaphthaleneS 7122 3l £224 84S
T A7t R3g vk JARK), B A4} 2o] Phett
Pyr& o2 £584 a4 7o) #Me A R H
Aol glomz B AtoA] d& ARE k% AESE PAH A
S dshe &8 /s Ao s AlsHn)

=& PAHs Bl 54
Phed} Pyrs& 71ARE T 353 27 ZF PAH Eali%:

Table 2. Comparison of maximum specific growth rates and PAH degrada-
tion rates

Maximum specific Maximum PAH
Subsirate growth rate degradation rate
m,_, (hy  KuM) Viaumol/L/h) K (uM)
Phe 0.05 1.5 105 827
Phe+YE 0.34 0.39 289 15.60

Pyr+YE 0.27 0.39 50 3.20
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TE Table 30 AEl8l9T. D5 #FE Phedt Pyr& HAld] 2
&7t 7hsstd o, E3 PAHs Z51AE Phest Pyre] #35)
&£} NEAREE B 7F pAHE B5 08 33 A5
AAadtEnh 53], EgxdstolA pyrd] Rl ERHUE Phe &
)&=t 2A) 7H-=8FHTk Pyrene, fluorene, acenaphthene, anthracene
3} 22 thE PAH 0] 93] Phe 237} A v AL o
& d7A=ER Bagh vk lth(l). Phed) Pyre] &3} 71H x4
slo A D5 759 AAAEE9 PAH Bl £571 As) = o]
e F F59 Bdo] ARHoE 58 A & 71E
o] & 71 uirb B4 ASARZ g3ty WECE AlR
Hu}, 3R% ool tigh AA|S A7) Hasit

38, D5 Tl 23 £3 PAHs REEEo] nHE F
PAHs ¥ %9 93ke 17 7] ¢ A0 ALSHU 2 Phe/
Pyr A7MES 242 1103 215mgld FUHE FEAME F
PAHs9] AALEEE 242} 426 2 438 umol/L/h & A9 fAsH
Ftk. 7} 276l A e DS T MRS E =8 47 0.133%
0.12hZ A9} AT

E240|AM PAHs 235l §4
PAHsZ 2 G9 AFEY &eldAMe] DS d5) 9% Z
PAHS] £3) 54§ Fig. 39 =8R8t 758 HET soil

PAH concentration (mg/L)
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Fig. 3. Degradation of Phe (a) and Pyr (b} in soil-siurry cultures. O,
Abiotic control; @, Inoculation with Burkholderia. sp. D5

Table 3. Effect of Phe and Pyr mixture on specific growth rate and
PAH degradation rate

. PAH degradation rate
Substrate Specific (%hr())wth rate (pmol/L/h)
Phe Pyr

Phe 0.28 29.30 .
Pyr 0.19 ; 958
Phe+Pyr mixture I
(110/110 mg/L) 0.13 234 192
Phe+Pyr mixture II
(215/215 mg/L) 0.12 220 2.18
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sluryoll Al 2t PAHS] 28425 AXFeH 23t Pheo} Pyr 23]
&5 7227 2003 2 1.09 umolL/h o]t} o]#d Axe=
PAHSZ 2 ¥d EJoju HHES Mejsked & 055 A3}
= Aol 7Fse ov)dih

#HAte| 2
2 A7e FaeAd A Tdgd AAiutel e @A 7e

AFAE] ATAN TR 241 ATALe R FAHR
o, ool 7

e
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ABSTRACT : Degradation of Phenanthrene and Pyrene by Burkholderia sp. D5
Tae Jung Kim, Kyung-Suk Cho’, and Hee Wook Ryu' (Department of Environmental Sci-
ence and Engineering, Ewha Womans University, Seoul 120-750, Korea, 'Department of Chem-

ical and Environmental Engineering, Soongsil University, Seoul 156-743, Korea)

Burkholderia sp. D5, a polyaromatic hydrocarbons(PAHs)-degrading bacterium, was isolated from oil-contaminated
soil. The bacterium could utilize phenanthrene (Phe) as a sole carbon source but could not use pyrene (Pyr).
However, the strain could degrade Pyr when a cosubstrate such as yeast extract (YE) was supplemented. The PAH
degradation rate of the bacterium was enhanced by the addition of other organic materials such as YE, peptone and
glucose. YE was a particularly effective additive in stimulating cell growth as well as PAH degradation. When 1 g-
YE/L was supplemented into the basal salt medium (BSM) with 215 mg-Phe/L, the specific growth rate (0.28 h?) and
Phe-degrading rate (29.30 umol/L/h) were enhanced approximately ten and two times more than those obtained in
the BSM with 215 mg-Phe/L, respectively. Through kinetic analysis, the maximum specific growth rate ()1 . ) and
PAH degrading rate (V,_, ) for Phe were obtained as 0.34/h and 289 pmol/L/h, respectively. Also, . and V_, for
Pyr were 0.27 h”' and 50 umol/L/h, respectively. The degradation rates for each Phe (2.20 pmol/L/h) and Pyr (2.18
pumol/L/h) were lower in mixture substrates than in a single substrate (29.30 pmol/L/h and 9.58 umol/L/h,
respectively). Burkholderia sp. D5 can degrade Phe and Pyr contained in soil, and the PAH degradation rates in soil
were 20.03 pmol/L/h for Phe and 1.09 pmoV/L/h for Pyr.



