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Plasmid pSY12| PAH Edlis

257) - 2R - MEY - YR

SS0ism MRS, SRS RUBsNTL, VIAFUSHATA

Sphingomonas chungbukensis DJ771A 34 E3 238 $3147} chromosome ZE+ plasmid EA3H=A &
T E gt oS DJ77¢] plasmidE mitomycin CE o]-§31] curing A7) ¥, Z+Z} phenanthrene®} biphenyle]
2 g o s PR HLmMANA wlS A3 oM A3E AT plasmidrt AA® DJ77L AAHA &
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FAH AR, 2] dAAAEA de] o)&Ee Thesh
TR SFREAEL ojAl= 150] 4 vAe I ulid
el 23e] Har ok 53] F3 FYEHE sIsEd Fol
A A 1EE VA e ESRELS SYIEH R HEEY
2 BalEA] dor S A He 4EE 7R Stk o]¢
33t EZ =2 += phenanthrene, anthracene, naphthalene 2]l
biphenyl 59 thiz] W& @852 toluene, benzene,
phenol 5] @ ]2 o]Fo7] WEE gslravt it o]
ZFollA E3] 3702 benzene L8] 2 4% phenanthrene®} 22
tare] WS g3l Ase Ags] 540] et EAe] &
HE aRE 71 T Q) EZol7] Wi, v A4 8
7 29 FAE Yozt

oleigh MRS |3l E Halshs MAEES o|n] Bo] Hu
Hol Utk wAES FSE Pseudomonas(4), Burkholderia(19),
Aeromonas, Mycobacterium (6), Sphingomonas (9), Rhodococcus, No-
cardia (17) 2 Al BR Fgolo o] 2774A] wfi-¢- theksict.

AA7HA] S Gelpd QEEAY Eafloll vigk Aol
Eolgt 28 Be A WIS gslrae il #dbd /4
Aso] & 7719 plasmidol] Y3} Yok AMHoloh. 2 o
A Pseudomonas putida mt-22] TOL plasmid pWWO(S), P
putida NCIB98162] NAH plasmid NAH7 (20), P. putida CF600
o] pVII50 (1), Sphingomonas sp. HV32] pSKY4 (21) 12]3L S.
aromaticivoran®) plasmid pNLI (16) 5©] 21 ofo]t},

Eok u|AE) Sphingomonas chungbukensis DI77-< biphenyl,
phenanthrene 5 98] 712 €3l5AE T @AYo R o]8E}
o AFE 4 Jom, o] MFoZRE ©alri Eafthatel &
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k= R FAATE 20 kb 2470 FHAHT TR EA
7} HaElo] QJuk(10-14). 22} DI779] A9ells 1 B8 72
Z}7} chromosome®l] EA8=A] plasmidol] EA3F=%]ol] g+
Bue gk mek B A7 M= mitomycin CE 0|85}
plasmidE curingA]7]13 DJ779] ©3ka B3] A7} plasmid

off lth= Z& vrslaat ot
Mz ¥
YT Tt Al

£ A A8 g i F9AY SESERY 2
BIE S chungbukensis DIT73 ©] oFA52] plasmidE curing
AZ1 cured strain DJ77-1, DJ77-2, DI77-30|t}h. £ g A%
H tryptone, yeast extract, agar powder, NaCl 52} 8]|X] A&
Z}Z}  Difco Laboratories (Detroit, Mich., U.S.A), %3}8t
(Seoul, Korea)2 ZHE] FU3}+H 2™, Curing agent® A}-8-3+
mitomycin C2 Na,HPO,, KN,PO, NH,Cl, CaCl, MgSO,
7H,O, Vitamine B1 (thiamine hydrochloride), glucose, phenanth-
o]

=
52

rene, biphenyl, catechol = Sigma Chemical Co. (St. Louis,

US.A)EFE i3t A8t

K] S s =2

39k iR+ Luria-Bertani (LB) B}A|Z 575 1 /o) tryptone
10 g, yeast extract 5 g Z1E]1L NaCl 5 g HA H7FslRa, 314
RS agarS 1.5% SA H7beE F ARESHAS il
BjAE 7]EAH 02 M9 salt (Na,HPO, 3 g, NaCl 0.5 g, NH,CI
1 g/he} CaCl,, MgSO, 7H,0, Vitamine BI (thiamine hydro-
chloride) @ glucoseZ 0.5~ 1.5% HE= H7}8E M9 FHAMAE
ARgEtEeH, dReld EAe FaoEE FRist] fE) M9
#2-H)A|ol| phenanthrene, biphenylS- Z}7} TX3 M9 4 A€
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DI779] HA kL EE 30°Ce)H F7]40)7] wj&ol| BAu)x]|
AMe MR, AR dd FHES 2
5 30°Col| A 48217 vl kst

Plasmid2| Curing

DJ779] HEeiAd £l thet £l A} plasmidell S
=5 HE3N7] 8 Horitsu 5(7)3 Miller (15)¢] HHH<S &
Fated APSAE F LB AA RN &5 Bt Fehujkst
THOZRE 10* cellE F3t 10 mie} LB ARl R|o) A =]
7] E717hA) e Fet & Zhzhe] wbeol 2.5 ugiml, 5 ugimiS)
mitomycin C%} 20 ug/ml, 30 ug/mi®] acridine orangeE H7}3}
F holA 24712, 48A1ZE0 2 WPro] uiksiTh TS A
T3] 348t LB TA Ao =2g v 31 B wigEle
master plateZX] AHS-3IATE Master plate] 7S d7d o]
4*X)7}Z phenanthrene?} biphenyl®] 22} B eigo s 7}
® AAjReF LB AR o) Zbzh o] 43kt A HlR] ol A
A3 @Y= #SE phenanthrene} bipheyl®] Eafi50] 4
¥ cured cell2A Akt

DJ772] plasmid =&

DIJ779] palsmid FZ& Casse (29 W Cumier 9}
Nester 3)] *PHE W &3l ARSI 300 mi LBYA] Hi|o)
TAE i F dAEEsl FAE 35381 4 mie] TE buffer
E @A 0)7lE oA AR ske] FUd we® TE
bufferol] FEA)Z] F 76 mi] alkaline lysing buffer (25°Cel| 4] pH
1245, 25% sodium dodecyl sulphate)S 23l 90% < 100
revmin™& A8k WS & 37°Coll A 25871 WIS 2 M
Tris buffer (pH 7.0)& #7138l pHE 85~9% ThE 3 2R-EQ)
100 revmin'2 WP, 2 3 5 M NaCHe 94 ml (AA| <k
9] 107" volume) 71314t YalEe)ste] Aol e 33 & =
W WHEEte] F8ke] phenol (3% NaCl 580l £31% phenolyS
e ¥ ARt 43Ae It % phenol:
chloroform™} chloroform #2]& 919} U3 wpjoz A= A
g & FFNE 3|55t T2 isopropanol# 0.1 volume®]
sodium acetateS 7151 AX3] EET} 6,000 pm, 52 F<t
AAEEE A FHES A F 70% @ gLz I He & o
@S 9A3] TN JHEL HYek] TE buffero] HES}
of 28315t

Southern hybridization

Southem hybridization> WY& 23} ECL (enhanced chemi-
luminescence, Amersham) kitgE ARE-3}o] =313}U T} ProbeZ &=
dioxygenase®] terminal oxygenase 28 & 3lElT Q= 3}
phnR (12)2] upstream $-912 7} 1L Q1= pYCS300S AF&3}4T}

&3 3 0

Curing agent X 2| ¥ aromatic hydrocarbon 2852 85

S. chungbukensis DJ772] PAH ¥3 plasmid pSY1 121

DJ77- mitomycin CZ 2.5 ugimiS H7}e 3 24/7F w3}
WS B3l il 78 AR A Base
& T8 & U Fig 1bolM B 5 e AXNY B
s 4 59t oFE LB A AN wjUA S W T
e A7, B T2 TS BHAAT AFeL opiFo)
Hlg] B3l A4 757 95319 0| AL ey A T
A plasmidZ} curing HUAE HAFE= AL plasmid7}
curing FHA] SHMO|F= opFo| HIg) &9 A =]
€ S o]8F 5 W] WESE AzEn). o3 e
gram-negative AT Shigella sp. X% HI1E v} JTH1S).

S catechots oHFO} WAE whslrAa EalT AA 73
ol Hojrtdl Ax} opYFo M catecholo] =@M o WE}Y
At WEE wsled Eals 4 FRele Az W)
fUATH(Fig. la). Catechols FUE W = oz Wilth= A
< catechol 2,3-dioxygenase”} catechol2  2-hydroxymuconic
semialdehydeZ WHEA|ZITH= oqujo|2g opFe) we] Ey
o] ATt catechol 2,3-dioxygenase activityS 7}2|3 Q1A &t
+ AL YelEth ©]5S phenanthrened?} biphenylS T BhA
HoZ k= M9 Ao wjUdAlZ] B3} Fig. 1c9t Fig.
14l MA G o= wl R ol 3}9EA =X H phenanthrene S 2
SAFIEA AL B em, S biphenylo] Y HiAE
=3 TS Bolm A IRIE = oy Bejsol
A FFe W 4] Eaknt

AAZ WS wslga Bl 31271 plasmidol] EA)SH=A]
18] el o Fet el A dFolA large plasmid
FZ39ch. 3% plasmid DNAE LHHAQl A7) SoA
EAA DNASH 22 QXol|A Yehpmg o] & 5=
o} pulsed-field gel electrophoresis (PFGE)E %-3to] oAl
= EABIAIT cured strainsol|& EA)3HA] &= AL syt
(data not shown). & 1] &3] &2ls}7] $Jald Eaj¥l DNAS
AFEAR] Xhol©Z *2]8 F Southern HybridizationS A]3)
34t} Probes Ao 27t E24E phnR (12) FAA 2
upstream 25 ©]-8-3134tH 21 A Fig. 201 A7 opFo) A
T signal®] YEREIL plasmidZ} curing® AR08 A== DI7T-
13} DI77-291 X signalo] XHo]A] gkth DI77-394 % Al
signal> 1.0]2] ¥9}THdata not shown). ©] RS E 20} catechol
2,3-dioxygenae (13), 2-hydroxymuconic semialdehyde hydrolase,

Sk

& rr tu o

2-hydroxymuconic semialdehyde dehydrogenas e(10), 2-hydroxy-
pent-2,4-diencate hydratase (11), acetaldehyde dehydrogenase, 4-
hydroxy-2-oxovalerate aldolase & L&t 27} ¥13L i3]
4 24 B3 A} plasmidoll EA8} S-S & 5 U
O 221t PFGES ©l83}] opiFe} Balso] 4ald d32
B plasmid DNAS] patterns 23 H|wal=dle AZ3A] £
St

B AT S. chungbukensis DITTNA FESNA 22 B
A7} chromosomedl] EAH8R=A] plasmido]l EA)3h==]=
B817] fleke] AAlEtATt Be 39 wadEusles 2 &
AR} 2L catabolic FHAE-L plasmidel]l $X8kw Q). o]
& AN FEA Aol eae FoldE oz 1)
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Fig. 1. Differences of growth mode between Sphingomonas sp. strain DJ77 and its cured cells. (a) Formation of yellow colonies in catechol-sprayed
plates. Three colonies (1, 2, and 3) did not turn bright yellow when sprayed with 10 mM catechol. (b) Growth on LB medium. Wild type DJ77
showed delayed growth than cured strains. (c) Degradation of biphenyl, (d) Degradation of phenanthrene. The cured strains, DJ77-1, DJ77-2, and
DJ77-3 were also failed to grow on the minimal medium sprayed with bipheny! or phenanthrene as a sole carbon and energy source.
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Fig. 2. Southern hybridization of DNA from DJ77 and its cured strains
DJ77-1 and -2 with the Xhol-Sacll fragment of pYCS300. (a) Agarose
gel of DNA from DJ77 and its cured strains. Lanes; 1, Lambda HindllI-
digested DNA; 2, DJ77 plasmid DNA; 3, cured strain DJ77-1; 4, cured
strain DJ77-2; 5, Xhol-digested DJ77 plasmid DNA; 6-7, Xhol digested
cured strains DJ77-1 and DJ77-2. (b) Corresponding Southern blot of
(a) after hybridization with a labelled 2.2 kb Xhol-Sacll fragment of
pYCS300. Arrowheads indicate positions of the DNA fragments (13
kb) to which the probe hybridized.
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ABSTRACT : Attribution of PAH Degradation of Sphingomonas chungbukensis DJ77 to the Plasmid

pSY1

Seung-Kee Park, Seong-Jae Kim”, Hee-Jung Shin, and Young-Chang Kim'* (School of
Life Sciences, Chungbuk National University, 'Research Institute of Genetic Engineering,
Chungbuk National University, Cheongju 361-763 and *Microbiology Division, National Cen-
ter for Toxicological Research, Jefferson, AR 72079, USA)

Sphingomonas chungbukensis DIT7 is able to use phenanthrene and biphenyl as the sole carbon and energy
source. Mitomycin C curing experiment suggested that polyaromatic hydrocarbon (PAH) utilization in strain
DJ77 was plasmid-encoded. The plasmid cured strains were failed to grow on the minimal medium sprayed
with biphenyl or phenanthrene. This was evident from southern hybridizations using a previously cloned
DNA segment as a probe. There were positive signals in the plasmid DNA of the wild-type strain DJ77 and
the absence of hybridizations with chromosomal DNA from the plasmid-cured mutant strains.





