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28 Ad 2-hydroxypropyl-B-cyclodextrin(3-HPCDYS WE3}t cyclodextrinA] S3HE-2 4254 571222 L85
7 C B TR ot BAlE FXIA7IY 11 99 ApAISE 7]2Re 2K 91X gt B Aol B-HPCD
of wet uFA PAHs ¥ E-& A Novosphingobium pentaromativorans US6-1 T52] pyrenei} benzo
[alpyrene(B[a]P)S] &1 H 5, ©]wS] biomass H3} 3! dioxygenase A4S 2430 24 PAHs AR5 lA 3 -HPCD
9] Agkg skl SRith AT 759 PAHs, B-HPCDS) &4 5ol wheh 87 2o s Fnjsiglon 2k 4
79 wjelIdol whE PAHs e} AAFC] WistE 4351500} Pyrene® 35 B-HPCD7F EAId] nle} 23
5t SR EE Aol ERIHSCH, 53] Bla]Pe] w8l B-HPCD/} B2 283t} A2k Wsk= pAHs
o] EA foll FEE WA A8k B-HPCDS) EA)| #-50f uleh Aol 5 Jehlth 3 US6-1 75 B-HPCD7}
3 MM2 7]l ollA] Aok g wiell ZoBell HiX|o|A] AujoFshs 730l Bl catechol-1,2-dioxygenase &
ol & A0® vehtoy I gk vigedelelA met AEe E4A8T 2 2jolE HolA= st} o]
4] A2 £ W B-HPCDE PAHs9| o]8/3-8 FoiFE Al @907 olfuo) FF9 Al F7lo] 7|ojst
S 2M PAHsS] HallES ZRA71X)9) dioxygenase EATA o= G3kS w|X|#] k= Ao R Algdc)
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Abstract — Cyclodextrin compounds including 2-hydroxypropyl-B-cyclodextrin(B-HPCD) thought to be accelerate
the biodegradation of PAHs molecule by increasing solubility of PAHs through detaining PAHS in their's cavity. How-
ever, only this mechanism is not sufficient to explain the enhancement of PAHs biodegradation by B-HPCD. To find
out possible additional role of f-HPCD in the enhancement of PAHs biodegradation, biodegradation rates cf pyrene
and benzo[a]pyrene (B[a]P) by a PAHs degrading Novosphingobium pentaromativorans US6-1 strain were compared
between with and without addition of 3-HPCD. Changes of bacterial biomass were also measured simultaneously. In
addition catechol 1,2-dioxygenase activity was determined depending on pre-incubation conditions. As a result, B-
HPCD accelerate the degradation rate of pyrene by strain US6-1 and especially the B-HPCD amendment was oblig-
atory for the degradation of Bla]P. Bacterial biomass was responsible for B-HPCD, however, PAHs compounds such
as pyrene and B[a]P did not contribute to the bacterial biomass. Catechol 1,2-dioxygenase specific activity of US6-
1 cells pre-cultured in MM2 medium containing 1% B-HPCD was higher than that of cells pre-cultured in ZoBell
medium. The former case also showed similar activity compared to that of cells serially starved in MM2 medium after
grown in ZoBell medium. These results imply that the presence of B-HPCD accelerate the degradation of PAHs by
increasing the bacterial biomass as well as by increasing the water solubility of PAHs.

Keywords: PAHs(W3S &84 3184, 2-hydroxypropyl-B-cyclodextrin2-A L 2 B Alo]g A
E®), Novosphingobium pentaromativorans US6-1, catechol 1,2-dioxygenase(7FEZ tTho]&-A] A LA,
biodegradation(*d+2-3l), pyrene( ), benzo[a]pyrene(NZ3] @)
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Mol Fo FAAES tE &3}~ 4= (Polycyclic
Aromatic Hydrocarbons, PAHsy= 271 ©]/d2] wixluert 8%
W ghelpang Qulehy IS 7t 3 EEUY o
telut sk e @EARA HAF 1 o] STkt Atk s
7oA PAHs= 71, B3] 79 Akl 57t & dlY A
Eof tieF Z2ErH(Means ef al. [1980], Schlautman & Morgan
[1993]). PAHst> AURFAR] FA4) leollie deld, Edwo] 724,

FAEAE AU= B2 Z A (Hidelberger[ 1975]) 2B A Zol &

=) =
Waks

=48
#(endocrine disruptor, ¢ FHZTEZEH)ET oHA glrt. HA
o] 9999 PAHs & 7824} PAHsY= £ &0 9% R}
oAz ¥ 7|7HE]t skl Ha AEAde) F48
HolAsS AR QIZFNAZA Y¢S & 7 Utk vt o€
A0 ZRE] PAHsH: AlASH: 21 Za3% I} Holgko.
o 5212 PAHSE 9% £k Avole AEYP|es] F
Fol fFastAt aFAF PAHsS] 9ol v Bl ofst 2387}
-2 A3E)= Ao BuE I Qti(Juhasz & Naidu [2000]).
uj o] 28t PAHsESN7} A AT ol REE 3 271 A
W 25 0F Qe wibg- AL ofvte] Bl &8iE e
] A o7 wdse] &gk o] 8Ado] AgtEl= Ao] F ARI)
o7 AzFE 3 Qlth(Aitken et al. [1998), Bardi et al. [2000],
Dean-Ross & Cerniglia [1996], Grifoll et al. [1995], Schneider et
al. [1996]). =3+ Al PAHs9] 2% @502 §@a ¥ oy
AQe 2 o]gd 5 UV B FE2AR o R s AE
F-871 XA 7] =80 (Juhasz & Naiduf2000]). whebx] 9 A4
PAHsE AESH wbllos A 7]7] Asixe vdEe] gt
PAHs] °]8A4& IA717] A% 71% 7o) AQsE)t). Sohn
et al. [20041> PAHs®) sl A72pd<lA] PAHs -5 &3 1]
A&l Novosphingobium pentaromativorans US6-1 T8} 2-
hydroxypropyl-B-cyclodextrin(B-HPCD)& 121 7 benzo[a)
pyrene(B[a]P)E B3 A1AF PAHsS] #3888 A2 = Q)
& 1T} B-HPCDH B|% 8 cyclodextrinA] & (CDs)
] FAE7E 6700l s E STl wet o, B, v-CDs

= 4= Lo (Schwartz & Bar[1995]) 21 7% 5441 9
H-oF £y Qb 7hE ] Wi EZ 9 Hol3itk(Song
et al. [1999]). 254 7} R4S SAlol A= EAAAQ] 12
A B30 Q3 CDsi Bl B4 ¢hi= v]54d A713gE8 A
2FA17] A1t benzene, phenol, PAHs 5 A4l X|&A] #7131t
ol gt w|AE o84S ST AR RuEy ik
(Bardi er al. [2000], Gao et al. [1998], Lindsey er al. [2003], Schwartz
& Bar[1995], Song et al.[1999]). “121v} B-HPCD7} PAHs®] 1]
A ot ol gAuky TR ORA BEEEE ST
ARIA L whagot B E 2R83ho 24 PAHs #9Y
& A7) AR 2 287 e e WelA A ot
Al B Q-teflAiis tiEA]Ql PAHs 3}8-E<Ql pyrene™} BlalP

|
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& e E 3] B-HPCD -l whet Use-1 75l 28t ol&
3sHE-2] Pl =2t o]ul] biomass ¥3} 2 PAHs w3lof #o]
3H= dioxygenase E4EJ 4] xjol& HHE 2 EZH PAHsS] A&
s2pgdelxe] B-HPCDS] 98- v+ atiat &t

2. M= 9

21 AR TF Y =
2 del| AME-E Novosphingobium pentaromativorans US6-1-<
A BAERRE felale] AF o BRd AroEA FHA4d
A AL L% 30°C, pH 6.0~7.0, 9% 2.5%°19 2-5 rings A}0]<]
Thoke PAHs eS8 wHE £E2 #al8 4 Arh(Sohn et al.
Aol AMH A= HA

{2004)). 237 Z71004 ZoBell 2216e 4
Aaz)ol] 36A17F ket & YRS $3,000X< g, 15%) oA

=

Z 33t 399 Al MM2 79k A] (NH,).SOs,
2.38 g; FeSO,4- TH,0, 0.02¢g; 1 M Phosphate buffer, 0.1 ml; Aged
sea water, 750 ml; Distilled water, 250 mD)E 23] A HAA #7152

AAAZ 5 ohA] MM2 F7190A e EErslod Fulsi3int,

2.2 B-HPCD {701 2 US6-1732| PAHs AE0= H|w

= 100 ml baffle flaskel] dichloromethane(DCM)*l| £-8jA]
71 Pyrene®} B[a]PE 22t HE 10 ppm(wiv)e] HESE H7[st &
SuiE A3 EAIZICE 978 15 ml MM2 7] iR &
7. A8 2H4E (1) Pyrene+B-HPCD, (2) US6-1 strain
+pyrene, (3) US6-1 strain+pyrene+B-HPCD, (4) B[a]P+B-HPCD,
(5) US6-1+BlalP, (6) US6-1+B[a]P+B-HPCD7} B|=% Fu)515]
o}, AT 270 mWel B-HPCD (Celdex, FHENE X5 T
1%7} H =5 H7FslAv 22 37181 98ket. N. pentaromativorans
US6-1 ¥+ 660 nmellA] #HF OD=0.1°] HEE HF33ict.
7} AR 072 AFE AAEg o 7]d ukE Fa)7]
7h& 185k Pyreneo) H7FR A8 w7k 05, 1, 2,
3, 44, Bla]P7} 7k AgTE 1, 3, 5, 7UR 3l 30°CeilAM
120 pm?] 52 wHHIYFSIT. PAHs & 4 2474 Kim
et al.[2004]0f WEtom Ax) S R 2ot WA WRERE
E2Z phenanthrene 5 ppms FH71e the 59 DCMOZ 3
3 FZdta FFAIY 550 Fd AEE GC vialME 7
: 1.5 ml)ell £ fused silica capillary column(SPB-1, 30 cm 0.25
mm id, supelco)®] A2E GC-FID(HP 5890 series INZ £-13}
Atk BAA S} 2% 2742 o 2o 150°celAl 1R RA,L 2
2 250°C7HA 250°CAA] 2587 gttt wiek7)zE
% N. pentaromativorans US6-1 Tl 2|$F PAHs®| 3|
PAHs 383} B-HPCDYHE 713t tlz=H(1, 4)01419] PAHs &
FEE 7o R g%z BT

= AR
’\%Ll_ o]'o,

23 B-HPCD RF01| 2 USe-1ZF2| O[S MAMZ#HS H|w
US6-1 T2 Pyrene, BlalP 3T = cell biomass H3}=
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e ko ZRsieirt AdTE 2,29 Zod o371 pyrene
=2 BlalP7t F/MEAl @1 B-HPCDO #FRo] BEY izt
g 7kt Yl A3k Bradford methodell 7133 gwid

& kit(Bio-Radys AM8-5lo] F3s}sich. Mj7)zE R smh 9
NE HABI cenuifuge(3,000X g, 1557 F FEHS B
AZPAE QS SZH(pH 7.4) 4 mIE G713kt 2
mm microtipg 32 Ulta sonicator(Vibra cell, U.S.A)E
284 23] ultrasonicationS AR cellE A7) T Ty
1 mb& ol 4°ColA centrifuge(8,000% g, 155810 AHEH S 3
si3irh. Aeja el AlS 800 piel dye 200 WE HHEAIA SE
Foll 595 nmefiA] BFFEA(UV 2401PC, Shimazhw)® ST

T 5% F BT5A0 F8EE sk} protein % AREESIT

= o
g

K

a1
23

2.4 Dioxygenase enzyme activity

B-HPCD7} US6-1 752 PAHs o]l ¥ag &A8A] v
Ae TS gotrr] A8 dudzad 94& use- 1759
dioxygenase &AL vlwstgch AujekzrH o 2= ZoBell
2216e MRS AR A9} B-HPCD 1971 £88 MM2 ¥
7iuRRle) Qujekahs £ 714 23E vinstadh. S7kE NdY
Z2do] @480 vlX= AT Is7] S5l ZoBell 2216e
Bz eld WAzl FFE 2487 MM2 7 iAo wjekalzl
9 54898 S43o] vasitt. 489 SIS 98
I Py FFYd 2 s miE AR ohg 239 el wet
celts SAIAT 4 | miS AWHE L centrifuge(8,000X g,
15%, 2°CRAIWFAA 5 AE microtubed]) W2 ZSICE Microtube
o] 1.33 mM EDTA/50 mM sodium phosphate buffer(pH 7.0)
250 pigt 452 (enzyme aliquot) 500 ul, 0.5 mM catechol 250 ui
g 9ol ¥HgA 1 THSanakis er al[2003]). 30%¥0] AW %
spectrophotometer (UV 2401PC, Shimadzn)% 260 nmellX &%
SE St AHE cis, cis-mucoic acid?] %S &% 8l

enzyme?] 84S 3100}

a) Pyrene
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3.4
3.1 PAHs(Pyrene, BaP) S5}
Pyrene?] 73-¢- B-HPCDE H7}ohA] o2 AP oA o 12
ANZPAA lag phase® ROt 19 F 224%, 24 3 22.9%9)
B8-S Bl whd B-HPCDZL H7Re A8 YoM w124
7t Fol 41.7%, 19 Tl 64.2% pyrened Az om 2
Follz 91.6%S B3 &S 1o B-HPCD7} ¥3HE]A) ¢k AHT
off nla 28 opde] Eal&g ehfdthFig. la). Blalp H$
o B-HPCD7F A7Hd AP 7oA B 19474%] 28.8%, 4
A 93.6%2 w& HallES JebtkFg. 1b). Z# B-HPCD
7t @7v | eke AgFeire A" AU F213 BlalP ¥
a7h ARk el o) A= B-HPCDY} N. pentaromativorans
US6-1 7520l ©J§t pyrene®} Blajp) B35 27 21A70S gt
Wz 3lv} 53] Blalp7h 7k A@ToME pyreneo] H7HE
AETFANMGE 2 B-HPCD E4| A5 Blalp Faie] 243
ol gglog ey
Cyclodextrin AE ] £ toluene Z-2 p-toluic acid¥} &
AE-7} aromatic hydrocarbon®] 5/3& HaAFIo2H QYRS
FHA 71 A (Schwarz & Bar[1995]), phenanthrene 353 &2
(Wang er al[1998]), €F2 98 Bl Fa8 gFo) 9%
naphthalene# anthracene ¥ 8S A FIA7]E ZRoR B
# b Qloh(Bardi e al2000)). 0]9} e B FA FIH=
dextrin AR g0l 4449 A53EY RIS £
AFozM vep b= 20 8k ch(Male er al[1995]). 5
g cyclodextrinAld &5 I8 {35 PAHEFEL T2
stekrglAlef ojaf £8]=lE PAHsSIEEo] Agol8Aa 2 o
AE BolA ¢ Aike g Agold/dol & o vy
ATH(Cuypers er al[2002]). A& AFAT} o)A 2} Zo] B-HPCD
= phenanthrenes B]5:3E AE-X} PAHs ©12Jol5: pysene™} BlajP
59 2EA PAHsY] A-elx BEol4E I BoiE = 9

o] 2 QA7 29T F3) I WA 7)E AFRE)

b) B[alP
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Fig. 1. Effect of 2-HPCD on the biodegradation rates of Pyrene (a) and B[aJP (b) by the N. pentaromativorans strain US6-1. i Pyrene
(a) or Bla]P (b)+strain US6-1, A : Pyrene (a) or B[a]P (b)+ 8 -HPCD+strain US6-1.
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BIeh = ARANE T4 £ o B-HPCDE H]%8 cyclodextrin
A S3HE-2 PAHs &15E2) BabEo] Foldss Haisn
B} FolAH T olf= PAHsY fEE ZXAAEO A
AE0]EHS =T g Ae® Alggn). 18 BlalPY}
7 5 ring o] PAHsSIEES AlFe] Fdsk: 9l ofux|el
o2 o]gE ¢ QU= 71& B (Juhasz & Naidu[2000))0] Bl
olE ® B-HPCD:= PAHs #3MES S35 FA o9l ddn
oA 243 71 0 7 F25]o] B-HPCD7| ©14 0 & o]f5jo] A
Aol F3E X =71E FASIh

3.2 MH|gF #is)

B-HPCDZ HIE3EE cyclodextrinAlE 2l 318HE0] PAHSE HIE
3 A SRR £848 HATE AL B a7
Aol 2glo] BRiE et ol cyclodextrind| QY 3}3HE0] ¢l
1= Bz Hjs) Ao STk ZoR Bysgloy ol
o] Alge] AAZel v]xli= 27 J3E BT Alle @l
tH(Bardi er al.[2000], Schwartz & Bar{1995]). W}2}A] £ <150
3= PAHs ®all7}d F B-HPCD7} 75+2] Al njxe &
& BHslsinh

Pyrene®] &4 -7l #AI%0] B-HPCD7} H7he A& oA
AR e - US6-1 #FE] biomassi= A ¢k BT
(Fig. 2a). Protein®] o> wjoF 19 %o B-HPCDR 354 2%
T8} pyreneo] F7Fgl A FolA 242t 55.44 pg/ml, 58.63 pg/ml
oo 71 2 ghs JER 29 Folli= 27} 78.14 pg/mi,
82.34 ng/mtE WERASITE Pyrened] &7 EFg A& o]
A 39 F9F 490 o 242} 3423 pug/ml, 36.57 pg/mliE 2
el Fof Hjgl ZA Zasiem B-HPCDR FE At
T HARE FE0F gAEilch. oA 3aela] AR uke) o)
B-HPCD7} #H7V=A] k& ARl E 44.7%) pyrene 8l&
& B2 protein §15 dFE HESH &2 48T wiRt
THA R iR tell A Wl Bolx) 9t} N pentaromativorans
US6-1 w52} B-HPCDSF H7Hst A%<} BlalP$} B-HPCDE

0 1 2 3 4
Incubation time (day)

> o

o >,

Al H71eE AT A A pyrenes 7] AR 3 99} H)

o2 VRN (Fig. 2b). B-HPCDS} BlalP7} EA)e] 27}
Ag o 19 Fol 50.58 ug/ml, 34 ¥ 47.58 pg/ml, 59
3.13 ug/mlE H5=8 ghE Koozt 7 ol 32.18 pg/mlE
Fatoint. B-HPCDYF 71 AgTolxE 19 + 58.63 pg/ml
P& 2= kS vERth o] F 46.75 ug/ml, 50.00 pg/mlE ¥
e Holrt $1e] AhTrel 7o) 7Y Fof) 3232 ugmiE 7
1tk B-HPCD7}F #71EA) ok AP G2 A9 4571
FHA 2 AT A Y S SIS 03] 2
= B-HPCD7} N. pentaromativorans US6-1 #¢2] =23 &
Ao o]g=o| PAHs S3HE2] HallHE oiF WhA pyrene
oltt Blalpe 58] RGP T T AR 4SS wkdshs
Zo® Alggrh
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3.3 Dioxygenase enzyme activity Z1}

s slshao] Alte] 23 Ea)== 3doll= catechol 1,2-
dioxygenase 5] ¥t dioxygenaseZt Zhg-3la] o] 49 #4
F4d& Sl 5 YEFF AYgE Heed FAE £ Qo
(Sanakis er al.{2003]). PAHs 3H2E AEsAPA B-HPCD7}
w7 GAFA AL J3ke mRl=A] FAs] Y5te] Use-1 #
9] vjokz Aol uhE catechol 1,2-dioxygenase /3% &3]
o} ZoBell 2216e BAlwjAjolla] wlokst Ale] AT 632 pg-
protein/mle] "YAFE 11 WA ZoBell 2216e AA= A )
&d TAE MM2 F7]eiA A 27t Hlgokdel 2 wosil g
o] A 171 pg-protein/ml, MM2 718zl 1% FE2
B-HPCD7} 23+ 790l 24712 ok 2 189 pg-protein/mi®] 4
AE B} 2F 270042 29 protein® catechol 1.2-dioxygenase
8742 717} 24.1120.71, 34.4121.97, 34.7820.78 Unit/mg-protein
(Fig. 3)22 ZoBell B4 vigka FA2) A9 dzoz W
< @288 2ok 2ey B-HPCDZ 2EE MM2 Hix]eld
wiokd @2 gag/do] ZoBell viA|oliA wiokAZl - MM2 Bl
Aof] RIGIAENRE FAA7 12 At vusiA] aigide] & 2

b) Bfa]P
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Fig. 2. Fluctuation of protein biomass during growth on Pyrene (a) and B[a]P (b). Standard deviation between two replicate was less than
3%.  Pyrene (a) or Bla]P (b)+B-HPCD, M Pyrene (a) or B[a]P (b)+strain US6-1 ¢ Pyrene (a) or BlalP (b)+B-HPCD +strain US6-1.

(O B-HPCD+strain US6-1.
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Fig, 3. Comparison of catechol 1,2-dioxygenase activity depending
on the pre-incubation conditions.
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a7t g3kt g PAHs BElShgelA Al BAES PAHs
2 EAel= FAStAl B-HPCD2| & offef ufel 4GS
u}, 33 ﬂlﬂH%\féﬁoﬂ w2} catechol 1,2 dioxygenase B3-S

4315 S Wl B-HPCDw 848 F7te A Bolsh] o=
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