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—RZI K& (Rhodococcus sp.) — B R R R AR EMS
EEERBYY

M mER EH
(R RAFIREERIE 5 TR IIRA KRBT i b S VR0 IR BF/ 250100)

B E. [849]) ZE—HIKE Rhodococcus sp. strain p52 F 49 = 3[4 R 42 pDFO1 (170 kb)A=
pDF02 (242 kb)t9#8 2 WA A4 A 45 . [ 5 ik ) R R85/ ) 09 50 T 3T 4k p52 #4745 80 4%
RIFTR, # K Fu#s pDFOL. pDF02 49 K; VAB R p52 ABHURE , AR FEIFT B o) B ARAE AR
Wit P AR S IR AL pDFO1. pDF02 #4454 49 2K TE B WA R4 6460 %, 1A
@ 7% 2 3. Southern 2% X &S ¥ 4545 45 R U AT AN, AR g 52 3o K 4546 K T R AR TR o9 &
ik, (421 4 pDFO1 A= pDF02 /£403R ) p52 P EA R 569482, £ LBIFRA L& 8t
RV F 47 KA pDFO2 THR-Fr, 446K F 65 k0t pDFO1 *T#&4F. fi#: pDFO1 #= pDF02 £%&-
R BA B B a4 08 7, TaHRA—F LR E (Rhodococcus rhodochrous). 4L % 413k
H (Rhodococcus erythropolis). X &4% # (Terrabacter tumescens)F= 1 #F & (Arthrobacter sp.)4#% ,
S AT AT AR Z AR Bk pDFO1 A2 pDF02 B3B8 ME K &, &3] 3.5x10° (36T /%4k
H); AP ATH AT RALHAT Southern 2 L #t—F #IA T Stk pDFO1. pDF02 #9454, 7% M3k
## /742 pDFO1. pDF02 J& & AT B 4&6-F T wAxt 3K Frekvia i 2 A A, ELIERR A ) 5 4o sk B AR
Btk ps52A8d. [4#) Sk F @AM p52 Tl LR 4E A5 LA MiE 5 42, EERINEEF
ZBRE R F BAA RIFO LA A .

KGR WG, Mk, #e, —RERM, aRA

Maintenance and conjugative transfer of dioxin catabolic
plasmids in a Rhodococcus sp.
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(Shandong Provincial Key Laboratory of Water Pollution Control and Resource Reuse, School of Environmental
Science and Engineering, Shandong University, Jinan, Shandong 250100, China)

Abstract: [Objective] To examine the stable maintenance and conjugative transfer of the
dioxin-catabolic plasmids pDF01 (170 kb) and pDFO02 (242 kb) harbored by Rhodococcus sp. strain
p52. [Methods] We monitored the presence of pDFO1 and pDF02 in strain p52 during continuous
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transfer in LB medium. We also performed mating experiments using strain p52 as a donor and
bacterial strains belonging to different genera as recipients, and confirmed the transconjugant by colony
hybridization and Southern hybridization. Further, we examined the function of catabolic genes in a
transconjugant by degrading test. [Results] Both pDF01 and pDF02 could maintain in strain p52
after continuous transfer in LB medium less than 47 times, but pDF01 was lost after 65 times transfer
in LB medium. Plasmid pDFO01 and pDF02 could transfer concomitantly from strain p52 to the
recipient strains, such as Rhodococcus rhodochrous, Rhodococcus erythropolis, Janibacter terrae
and Arthrobacter sp., while Arthrobacter sp. showed the highest transconjugation frequency of
3.5x107° colonies per recipient. The results of Southern hybridization confirmed that Arthrobacter sp.
transconjugant obtained pDF01 and pDF02. Furthermore, the catabolic plasmids could function in
Arthrobacter sp. transconjugant, which could use dibenzofuran for growth comparing with the donor
strain p52. [Conclusion] The dioxin-degrader Rhodococcus sp. strain pS2 has potential for genetic
bioaugmentation in contaminated environments.

Keywords: Bioremediation, Catabolic plasmid, Plasmid conjugation, Dioxin biodegradation,
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Rhodococcus

FER K44 %% (Horizontal gene transfer, HGT),
O WFR AR R, H5R R EY A
[B), BEAAN AR N A AR MRS 2 (R Tist R
i SRR RERATIE TR FBR, AP
BS. ST SNV EI=RNEIEL e PSS SEX
WHAEYIFZ 0], SEEERAA RS LR ZH,
HRAT LA S A SRR 4675 B 43 A2 1 %
J&, BRI R TR FNGEAL i A7 A i K
X, FERKF- 5L BRI AL il W AR M LA ]
e LR AR T B0 A A 22 8] A A% s FLARAE T 25100,
HAT, NS s R i r RS R IR TS Y 3R s
HAFAE T R A IR R R R IR G, T TS YL PRt rpr ke
ff ) Z e 280 S B L R K R A G, X
SR R TS A A Y Z RS T2
(IR AR IE R AC T, AT 1 B 2 ) TRTAR AT R i 2
REU. JEDRCOT-54 A% X 3 B T MR U B HL R i
IR . T TR AR R LA AN [R] 75 Gl X LA P bk
ZIAI R A HA H S L AR [ R A RS
FEIE M AR SRR T s B R RS R,
Hh SR AT S 3 S e R TR AN B R S kst i o, JF
AAESZ AR AE IR AR e ik L UL st L )
R, K EE AR AR O

— I %L (Dioxin) J& 2 & L = 2K IF T E 9
(Polycholrinated dibenzo-p-dioxin, PCDDs)fIZ 5/,
IR IFnL IR (Polychlorinated dibenzofuran, PCDFs)

PR B FR, sREUE . BB, Al
HETMAVIKRKNFWMRGE, XA RS EY
FETES ™ EE R U, 25 Ik R R R b
Wz —. IR SR N T A A E Tl
TR, BERBERE . WEAR A TSR
MRSy F B YR, fEETRA . BRIk Z
B R E o ReE, PR AR A e
EBRMEEARK . MUEYI R T HATER IR
CATLENE | YR RS ) 2 BN R A 4514
(3 W PESERAIE, D T HAE A A LS 3
T A BRI, RIS Y R RiG 3
TG YL — A RO L, T TR
Uik 2 Mg B ot EH IO R TRt =
ARIF R A A A S PRI T s i A= KA
PAMATFSE N B CL 2840 85 T R i B s A
W, FEAFEEA IR (Pseudomonas)' ' | B A
LB (Sphingomonas)™> "), LT BRI (Rhodococcus) 7
HOAT B (Terrabacter)" "4 R 2R FT 4L T kst
THAE PR — WS i o HIL e SRR i I [ 2 2
(VAS iy Al e

Miyakoshi 255 M/ — IS E R A J5oR: pCAR1
IS R e ARG R KB, pCAR]L AT LA
1) HoA5 F2 1 Pseudomonas resinovorans CA10 174
W KX P. putida KT2440 %%, IER ok pCAR1 HA
A & P Shimizu %5 4R 38 B 2K B A% 5
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Rhodococcus sp. strain RHA1 &4 3 NEOREHL
pRHLI (I 100 kb). pRHL2 (450 kb)#l pRHL3
(330 kb), e Z AR HRR ¢ it S ) 5ok pRHL2 |
T [l B ik st il TR AL K 20 T o
A0 b, DRI RS SR R e RS WA A 1 ) R e e
TIPE S AR S 2O EVER, XS
PEIRBE PR T A R i R R S F B, Shintani
SRR ofp PRICAIFEARBURL pBP136 Al pCART K
TSR PIPE(P. putida)iB LT Y R 50, i ottt
BAE D IMAEIE BB Bk pBP136-gfp F1 pCAR1-gfp
AR B R LA TR e A% 31 T FoAth -3 E 4R
PRI RR AT , A ITTIINSRR 1 THRmi PR AR e Ak SR 22
A R A i 4 8 ) — Ak DL R I g (DF)
YE R —Ri IR A BRI A=A BIZTER TR Rhodococcus sp.
strain p52, T A p52 HAAAEMNANSE S
YR IR ROR A SUIM ARG SE TR dfdA1424344 }
dbfA142, HA i FEREYERTR pDFOL (170 kb)Fil
pDF02 (242 kb) |1, il dfdd . dbfa 1E 2Rk
LA, BRTAMIRIS Rhodococcus sp.
strain p52, 433 Rhodococcus sp. strain HA01!'Y |

Terrabacter sp. strain YK24, Terrabacter sp. strain

DBF63!"™), H. T B A 12 At X S 1) G ) I
PRITE X SE R AR rh HAR SR A DR, W7 T e
i o PR ZEAS [R) BT e Pl o S PRUK SR E BB I 3R AS, 2R
T 36 2 A ke v G 7 L R A JBORE A9 4565 S B e Pk B
R Z 7200 ) SC IR TR . S5 F ik, ARWFR LA
TEERE AR TR pDFO1 Al pDF02 AYZL BRI B Rk p52
MFFERT S, %< pDFO1 il pDF02 (138t {454 2 1
KX FA R bk B2 6 e rkae; Iti—25
Prig S e 6 F I RB RO, ARFFE A R
FRE pS2 FHF WE0Eys Ye IR () A= e 2 $ 15k
TR

1 eSS

1.1 #Hl

11,1 EERFIFNE: S Hrali(>99%) — R IF ki
(Dibenzofuran, DF). faifali—H A (DMSO).

ki Z R BEWI [ Sigma-Aldrich, ¥ DF % T

DMSO ALY 50 g/L Mg 25 # #5 H s Tag DNA KA i
W A RGEFAEY A Hlr . A B 2
TAY TR A BRA A . A (5 BT
FHAY 6890-5973, Agilent /Al ; B RAG RS . M
K4 344, Bio-Rad 2~w]; 40661 6900, Unico
N

1.1.2 FZEM: SRR FEEERE SR
TR 1.

1.1.3  iEFE: LB #5HL): BEAK 100,
FEERERS 5.0, NaCl 10.0%°), JeHLER 553 (¢/L) : K,HPO,
12.0, KH,PO, 11.0, Na,SO, 2.0, MgSO,7H,0 0.2,
NH4NO; 3.0, i 4@k 1.0 mL. 4@t
W (g/L): FeCly4H,0 0.3, CoCly:6H,0O 0.038,
MgCl,-4H,0 0.02, ZnCl, 0.014, H;BO; 0.012 4,
Na,Mo0,2H,0 0.04, CuCl,-2H,0 0.003 4.,

1.2 A&k

1.2.1 [RHHEEEL. Southern Z¥3%. B EZAZINH: %
fift SR BRI IR Peng SEHAH A kP I T o ORI
YU 88 A BB W I FEL DK A TASHI 1) 254K - 0.8%
HIBIERIE RS, TAE buffer, 4.5 V/iem HLJ%, fEIE
4°C, HIPKIHE 5 h, Kf DNA B TEEEIRS, 2258
J7 1A Peng %P HrpEMRT . AR, 458
&S K S A AR &2 DIG High Prime DNA
Labeling and Detection Strarter Kit I (Roche, Germany)
Foe Al FHF I8 o

1.2.2 K EHRIAE FZ N R F kLR AE
FRIE: AT IIRHIMAR | 2RI T
A BTN : DREAS RIRE LB SR A SRR 75 50501
R F LB ARSI, BEFR 2 ODgo0=0.8, Lk 5%
FeA i 3 B S A & R R (20-50 pg/mL)fY)
LB iSRS ez, IR B St
A FN LB IR SRR R X B, 30 °C,
180 r/min fEIRHR T IGFE, ARG EBUREIN i L4552 104
5B B PR OB . He A SEIR T A3 A fE
TR . SZARTR AT DF BEFERE IR : B2 IR D
HRIEALIG , /3 A7ELL DF (M 300 mg/L) A ME—hik
TR TCHLER AR SR L BRIk, F 30 °C fHiR KSR
Firhig% 2-7d, W% DF VA F R BEAEEAERK,
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] B AEAR L 75 254 T A Z AR TR AR RN T LB Pl
YEXTRE; Xt DF A A H 0 B 78 I — 238 )
PRI 16S tRNA FE K3 51 300 e 56 0k H 27 A B
0y PHARERE . 2R THiAE R i R
DF MRES L3 1.

123 FHRIFEESRE: PRIZEGCE IR p5s2 M
BHAR, R 1 PR Z R, RTEIE
BRI T A SR, RS . BRI
HERTH 5 52 TR 1Y BRIV 43 2R T LB B9k
W, BEFRE R ODgoo 55 0.8-1.0, 435Ut 52
ABEW 1 mL, 12 000 r/min &5.0> 2 min WCEREIA,
B 200 pL LB $53R 3L R A, Kt ZIApE
WIRS)EHBEET LB AR 022 um JEME L,
30 °C K557 20 ho HBUBIERELL 2 mL BERRER S vhil
(Na,HPO, 2.2 g/L, KH,PO, 0.8 /L, NH4NO; 3.0 g/L)
VMG, 12 000 r/min 8.0 2 min WAERIK, DIZE
PR B AR YR AT T A (IS AR BRI AR AT TR 52 1) 47T
A Z AL DF A ME—GRIE Y JoHLER [ AR 77 3L
30 °C {8 & 155 48 h, P FRrAER AT AR
DF JyME—RRIE K REIR A K . FEXtHul ZA Buikm
Wk, BRI A . FEMLEKERI i &
T, LAAY% PCR 9744 H: 16S rRNA JE[H H-BL, M
WA FRE B0 DL TE RO 23S Hi AR A o
ki pDFO1 Jz pDF02 HIFFAE, BiEdt—P a1

B % JE B IRUBORE 38 55 Southern 2458 BN BORIAETE
1.2.4 Rhodococcus sp. strain p52 = P& #% Bk A
TREMEHT: K TR bR pS2 ARVEAE LB [ A8 35 5
BRI, ESAERRETE . SRR R FRE 1
He ML B B P UEA T TS PCR, 4y 5 3+
5k pDFO1 ) dfdAl F BeAIE T pDF0O2 LAY
dbfAl FrBt, ¥l pDFO1 K pDF02 1ER #k p52
f = JIR I , FFARBUTORIFEFT Southern 2458 HIA
Horp 1 drddl R B (1.07 kb) BT fE FH 5190k
DfdF546/DfAR4900", 34 dbfa 1 FBi(1.48 kb)Fr{fi
FI5 14974 DbfF1 (5'-CGCGACCCCGTCATACGAGC-
3'YDbfR1 (5-AGACTGCCCGACCAGGTGGG-3"),
1.2.5 THEES FREMBSIW.: KRR
TR LB K23k, FFREW ODgoo M 4.0 )5,
AR AR T FH IO 5 R VR IR EE R, 43l e F
FAeA 50 mL JCHLEREEFRIEN 250 mL 4EFEI PN (1)
Ifi ODgoo 2174 0.04), IAZZIRXICY) DF {2k B
} 500 mg/L, F 30°C. 180 r/min fEIRIRFHIEFE;

TAL, KRR RS2 AR R T DF R ICHLER RS
FRHerh, FREERVEME G IR s TR AR R
W DF M ICHLER R RS T RIRR R BV E s 1
gl SEEGeH . XPRRAH S HA A 3 AT, TElRE
A IRIEURE , B0 R A% S R W v 0 B AR kA 7
M E PR ARA H K s HRE S A 2R 2 R A

x1 SSEPTRAERREHEXEE

Table 1 Relevant characteristics of bacterial strains used in experiments

(7S

Strains

AHOCHRRE/ R Hel
Character /Applications

Sources

ZLERE Rhodococcus sp. strain p52
LA LI BRE Rhodococcus rhodochrous
Z1HRZIBRTE Rhodococcus erythropolis
M5 ZEHIRTF B Bacillus subtilis

IR HUFTFIE Terrabacter tumescens
KU TEANE Janibacter terrae
HWAFEE Terrabacter sp.

WA Arthrobacter sp.

Km®, Sm®, Em®; DF(+)/donor
Sm"; DF(—)/recipient

Km®; DF(+)/recipient

Km®, Sm®, Em®; DF(-)/recipient
Km®, Sm®, Em®; DF(-—)/recipient
Sm®, DF()/recipient

Km®, Sm®, Em®; DF(-)/recipient
Km®, Sm®, Em®; DF(-—)/recipient

Laboratory collection™!

CGMCC 4.1147
CGMCC 1.2362
CGMCC 1.1468
CGMCC 1.2032
MCCC 1A0921

MCCC 1A04573

Laboratory collection

. Km: FAREZE; Sm: BEEE; Em: A%E “NHiARGE; S hbiEREUE; DF®): A DF £K; DF(-): AFI DF £

K; DF): #I] DF 4 K#2.

Note: Km: Kanamycin; Sm: Streptomycin; Em: Erythromycin; ®: Antibic resistance; 5: Antibic sensitivity; DF(+): Growth on DF; DF(-):

No-growth on DF; DF(%): Inferior growth on DF.
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Ja LIS AHERE ST DF (), K3 DF (R4
2 HR54H

2.1 Rhodococcus sp. strain p52 F &R FRAIAIFE
E M

4t Rhodococcus sp. strain p52 £ JCIERE T 1)
2 T ——LB IR ELALAEE SR 47 A1 65 Ik
J&, PCR Y HEXUINEREER dbfal FBofn dfdAl |
BRIz R 1,

WE 1R, 2l 47 WHEAEESRE, 16 p52
V& PATRERS BRI F dbfd 1 5DR FBE(£9 1.5 kb),
LTSI E] dfdAl R B (29 1 kb); Z43d 65 Ik
AR EEFRIG , TEREHLBRE R p52 HEVE I IER
PRI R dfdAl F1 dbfAl F B, gk — A5
ki pDFO1 Fl pDFO2 [ &SR OL , 43 I AL AR
47 IR I 65 K11 p52 WHRERIUTTR. DNA, 23l 5%t
X}k pDFO1 B dfdAl HEFFERST pDF02  [fY)
dbfA 1 REFPEAT Southern 2438, 454N 2 R,
% Southern Z2AZKa & BL, 448 47 WRJ5 p52 #mT
K E| Fkr pDF02, ifif pDFO1 4% ; 141X 65 )5
p52 R KL pDFO1 Fl pDF02 42#8 %245, Southern

A B

1 LB EFEELENKE Rhodococcus sp. strain p52
XA EES R E dbfAl F1 dfdAl K ER By 1845 R

Figure 1 PCR amplification of dbf41 and dfdA1 fragments
from Rhodococcus sp. strain p52 after continuous transfer
in LB medium

TE: 1. 2: Wbk p52 (LAURER dbfal R dfdAl K05 R Bey 44s
Hs 3.0 4 B 4T WU p52 h dbfAl i dfdAl BR v Bl i 4h
Hs 5. 6: L1065 KJF p52 W dbfal Ml dfdA1 LR R Bep 144k
;5 M: DL2000 DNA 43 T,

Note: 1, 2: Amplicon of dbf41 and dfdAl fragments from strain
p52 before transfer; 3, 4: Amplicon of dbf4 and dfdA fragments
from strain p52 after forty-seven times transfer in LB medium; 5, 6:
Amplicon of dbfAl and dfdAl fragments from strain p52 after

sixty-five times transfer in LB medium; M: DL2000 DNA Marker
served as molecular mass standard.

C

1 2 3 1 2 3 1 2 3
DF01 dbf4 dfdA
SDFO2 | 2% - ./_f

2 LB EFEEEEXF Rhodococcus sp. strain p52 H 5ok pDF01 #1 pDF02 B9 Southern 2% 32 #6025 R
Figure 2 Detection of pDF01and pDF02 by Southern hybridization in Rhodococcus sp. strain p52 before and after
continuous transfer in LB medium
T BASP L, 20 355008 Bikk ps2 ietn . &R 47 RIS 65 S 4REUTTRL pDFO1 il pDF02 [ HIKRINZE R ; F B, C
SrA A RIRUTOR: pDF02 . pDFO1 (4 Southern Z45C4524E : 1 ATtk ps2 A URIGFEHUTTRLAY Southern 2858255 5 2 e iffefX 47 YR

Bk p52 HERIUSTALIY Southern L4520, 3 IELEALAR 65 WR Bk p52 HHREUTDRIAY Southern Z¥52 4521
Note: A: Agarose gel electrophoresis profile of plasmids extracted from strain p52 before transfer (1), after transfer forty-seven times (2) and
after transfer sixty-five times (3); Detection of pDF02 (B) and pDFO01 (C) by Southern hybridization for strain p52 before transfer (1), after

transfer forty-seven times (2) and after transfer sixty-five times (3).
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FAZLE RS RUMA ML dfdal 0 dbfal R By
PCR ¥ 45 AW A .

S IE 1 PR IO R ) S S AR IR
58T RV SOk, pDFO1 . pDF02 7E7E E Rk
pS2 IR E PRIFRE T, S5 R ERE ps2 Hhi i
ki pDFO1 Al pDF02 #fasE, “liEgfERUM T
47 WOIEFA AT RRE, o ok pDFO2 F pDFO1 B
TEEE
2.2 Rhodococcus sp. strain p52 P& R R KL
pDF01 #0 pDF02 RY3E S5 R845 14

Fe i SO R A | SZAARTRRR AT A RPTHEAI
KB, BUARERE ps2 XA MRS K TOH Bt
P, FAh SZ R TR AN R AE RPTHEANRI R 1),
T, e LT 2 R AR SERN & DF 19JEHL
EREFRAEp 30 °C HIEESE 2 d 5, KINLLEPLIEK
PRURIICH WG 1T R P AT IS A, (B dfdd 1 dbfA
TREF 2S5 5 (G ROR M), SR PR AR R
PSS RN AE LR dfdAl FN dbfAl () 5oks, {HT]
e &A1 HABRKEA# DF 5L DATRRE pS2 S LA
PALTER A 7] Ja8 5N [ a8 e TR RS2 AR T, R FH DB A
BRI TG S0 . S5 IR, DL LT 2T R TR |
CLERZIBREA . KHb P T A0 B T A B R 2 IR
RIS DF KA 2) il T2z
WRIESHRE , ML E RS T 4 RIRX
LRI E 3 G F— 7 Y 16S rRNA JE[K

FEAIEMFRY, R, E S 2 R —
Fi— XA T F T 4 5% H 5 pDF01 J pDF02
ZEEHRET I T IRVE 2 2SI (8 3), S LA ps2
(BRI VE VR R BRPERT B DA 5006 2 T DR 2 A P
TENE R BIEXT R, 450 R Bk 4 R A5 Pk
XTRRIAT 258 s, WYX IS o585, 3=
B PR p52 HAYFORL pDFO1 #1 pDF02 il 43415
RS R 4 Pz iRkpavkh, Ha SRR I
%2,

DL E SR 3R W] S i 5Tk pDFO1 1 pDFO02
A SELTLTERIE . 2T ERLOBRTE . AR A HE M T

1 2 3 4 5
dbf4 W - - : .
dfdd . -

&l 3 Rhodococcus sp. strain p52 F13ESFI{FF dbf4 A
dfdA R ETE R ER

Figure 3 Colony hybridization with probes targeting dbf4
and dfdA fragments for Rhodococcus sp. strain p52 and
different transconjugants

TE: 1 pS2 BEVEE T dbfa F dfdA BEF A8 45 B (BHPEXT IR ) 5 2.
3.4, 5: SRLLLLERE . ZLERZIBRIA . o AT R R R R 1R
TEAIETT dbfd 0 dfdA TREFIAASER.

Note: Colony hybridization results with probes targeting dbf4 and
dfdA fragments are shown for positive control p52 (1), R.
rhodochrous transconjugant (2), R. erythropolis transconjugant (3),
J. terra transconjugant (4), and Arthrobacter sp. transconjugant (5).

=2 LIEKEEH p52 F pDFO01 5 pDF02 ¥ E AR M= S 1B E

Table 2 Transconjugation frequency of pDF01 and pDF02 from Rhodococcus sp. strain p52 to different recipients

SEARBR

Recipient strains

AR A TR
Transconjugation frequency
(Transconjugant/Recipient)

Conjugative plasmid and plasmid stability*

BRATLIERIE Rhodococcus rhodochrous
R BRIE Rhodococcus erythropolis
A ZERIFFEE Bacillus subtilis

B RMATE Terrabacter tumescens
KB Janibacter terrae
HiFFIE Terrabacter sp.

TR Arthrobacter sp.

1.8x10°7
2.6x1077

3.2x107°

3.5%x10°°

pDFO1, pDF02; Unstable

pDFO01, pDF02; Unstable
b

b

pDFO01, pDF02; Unstable
b

pDF01, pDF02; Stable

Tt BAEARIRANT 1070 O RIS T * ARUEHT AR PRI 12 IREI k.

Note: *: Transconjugation frequency less than 10™'%; °: No transconjugant obtained; *: Plasmid unstability: No-growth on selective plate after

transfer 1-2 times.
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MR Z RS . PSR kg . 2 sf 2 ekis
SHLATERE ps2 RlmlE, SIRA T EACE R
— RN RA 3, RORE AR SR AE R g (R 25 2 i A 7
B o b TP A 5 AL TR T R R B, 5%
GORFRBGT, CHL A AR A B HATTE DF F
W AR MIBE ST, (B dbfa R dfdA B4EF I T8
EIRAL AR A fFG S, RWASAEH
dbfAl M dfdAl $EH, WAL 2 5 MR E
S, UMK bR S TR A RS T dbfal N
dfdAl JEH . X RFTR p52 BEE IR YA
18 FUEAR IR TF)E. 9 Arthrobacter sp.)
S PR LT ER T ) R L [OBAME T, SR R AN 4L
e, FWIBER p52 o T EERA SR R A TR
(RS T8 Y5

HAF— RS, TG AN R
A% T pDF0O2 Jivki, {HH % pDF02 Bk G+
TE%r DF MCHLE 3t PR KR g 22, 7EME1R
1-2 U FRIRN %K, WE/R pDFO1., pDF02 DL R
PIE WA R IR 7E DF [ 72 bl BE7E7E B
VERL i, 4RI TE Rhodococcus sp. strain HAO1
HOSUIN 4R DEdA AT fiEfLREAR 3-S50 2R ki

A B
DFO1 |
PDF02 dbfA

AATTREAR 2-FARTAIFRmg ; MBI 4H DbfA
FIHEAR AR 2- AR R Ik i {EAS 1T B 3-8 —
SEFEkEUO AN, FEAHFSE H S AT R A2 R R
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HEIRTAVE pS2 BB BT R Z KGR, s
SN IAF RS SR EUTRL, [l R B A T
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TS T ROR IR R R A 3 401,
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WAl 95 dfdAd T dbfA TREMaE4, KW HE
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Figure 4 Detection of the catabolic plasmids pDF01 and pDF02 in Arthrobacter sp. transconjugant by
Southern hybridization
W B A 1, 2 435U Rhodococcus sp. strain p52 (FHE:ST BE)FI AT B2 & F BRI LIRSS 3 B B 1, 2 5 AR ps2
FFFRIE G TR dbfd TREFIOZRZC AL B’ C 1, 2 30 bk ps2 FITHFFIRTES F bl dfdd BREHINAAc s 2R,
Note: A: Agarose gel electrophoresis profiles of plasmids extracted from the donor Rhodococcus sp. strain p52 (1) as a positive control and
the Arthrobacter sp. transconjugant (2). B: Southern hybridization results using probe targeting dbf4 for the plasmids from the donor strain

p52 (1) and the Arthrobacter sp. transconjugant (2). C: Southern hybridization results using probe targeting dfdA4 for the plasmids from the
donor strain p52 (1) and the Arthrobacter sp. transconjugant (2).
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(8 BORL SR (A SRR, 3 5 AP TR A2 AR TR R TR R
FeAE LR EE A —2, RIRAYS pDFO1 & pDF02
S MREN I TR TR AsS R PR R R 5 S, R
ZARR H B A4 pDFOL #1 pDF02.
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IR B A R R R ke A A3
Br, IS IR AR LA S50 R 1
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BARINIJCH] 2R K % DF A, BRI 5.
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Figure 5 Use of dibenzofuran by the Arthrobacter sp.
transconjugant for growth comparing with the recipient
strain

e PP M0 1) R LA AR G i T T MR 15 % 0 B 0
HRA R F ki E AR Al (0) . IR IR AP R I P 5 1 (w)
BeHA P I 2 AR B (o) Rk vk B2 AR s I LA B
FUE BRI IR S P AT e S T AR R (A) L
PP TR RS2 PR BT T AR B R A (o).

Note: Decreases in the dibenzofuran levels in the non-inoculation
control (o), transconjugant culture (m), recipient culture (o), and
were monitored by gas chromatography. Growth is shown as an

increase in the protein contents of the transconjugant (A) and the
recipient (A).

AR R, & DF MICHLERR 7R
(R (0 T A A i (0, SR HE A — U A
MRFEZE R, TR A FAT A DF AEK, &l
90 h DF Hi 500 mg/L FFZERMBRLAT , X5 4HAR
B pS2 AHELHR, PRGNS, J55TE 48 h N T
500 mg/L ) DF 5g4xf#fi > S AN Ar i 5 a2 1K e
WABEFIF DF 4B, H DF g bz S
TeH 2 AR EEARW) &, UFBAREf# STk pDFO1
pDFO02 | ¥ fif 25 [K n] 7637 A T AP R 78 R P
ik, MVFFRES T3R5 T DF F#AE

3

PRI ) 55 T 8N, R
Itk p52 Hh RESEREAE R pDFO1 ., pDF02 7E1E §:
Rhodococcus sp. strain p52 HEFaE, LaliEs:
UNF 47 BOMERIEFRAIA ey, Lokl pDF0O2
v pDFO1 B fasE . LALIBRIARE R p52 AR,
DA J 5N 1R R 2 R A A T4 A 500, TiERH
RS RS TR, pDFO1 Al pDFO02 AJ [] 82T 21 BRI |
SUHRZIERTE . 15T TR 0K 9 1AM B 5 2 T R
B, HERAR N 107°-107°, RIFHVK ps2 i —RE
BERRSA ToR AT A 912 L R 1 VL a4ty
FEE A TR T Southern Ze38iE—4 AN T
T WEERESR TR pDFOL . pDFO2 HI¥EFS, S5 M@t
Ref AR 2 00 e YT A PR AR AR B A S = AT A DF
VERME—RIR S REIEAE I, BRARIER AT AE BT B 1
BRIk P gE R ZLBR TR AR pS2 T o
f R R s AL E MM R, AE RBRIAE R
ey5 e HAT R4 R

& & X Bk

[1] Thomas CM, Nielsen KM. Mechanisms of, and barriers to,
horizontal gene transfer between bacteria[J]. Nature Reviews
Microbiology, 2005, 3(9): 711-721

[2] Davison J. Monitoring horizontal gene transfer[J]. Nature
Biotechnology, 2004, 22(11): 1349

[3] Poole AM. Horizontal gene transfer and the earliest stages of the
evolution of life[J]. Research in Microbiology, 2009, 160(7):
473-4380

[4] Hotopp JCD. Horizontal gene transfer between bacteria and
animals[J]. Trends in Genetics, 2011, 27(4): 157-163

[5] Ou JH, Xie ZX, Chen XD, et al. Horizontal gene transfer[J].

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



IMFFSE: —HRZIBR B (Rhodococcus sp.) —WEJEFEMR TR I Fa EVE S S

1621

(6]

(7]

(8]

[9]

[10

=

[1

—

[12

—

[13]

[14]

[15

=

[16

[}

Hereditas, 2003, 25(5): 623-627 (in Chinese)

RRSNAT, WEERE, BRImZR, 5. ACEEEHERE]. sife, 2003,
25(5): 623-627

Li ZJ, Li HQ, Diao XM. Methods for the identification of
horizontal gene transfer (HGT) events and progress in related
fields[J]. Hereditas, 2008, 30(9): 1108-1114 (in Chinese)

ZRRVT, 2R, ABLR. SRR R TER D g R r
AWFFTHEIRT]. 814, 2008, 30(9): 1108-1114

Gogarten JP, Townsend JP. Horizontal gene transfer, genome
innovation and evolution[J]. Nature Reviews Microbiology, 2005,
3(9): 679-687

Horitke T, Miyata D, Tateno Y, et al. Hgt-gen: a tool for
generating a phylogenetic tree with horizontal gene transfer[J].
Bioinformation, 2011, 7(5): 211-213

Jeon JR, Murugesan K, Baldrian P, et al. Aerobic bacterial
catabolism of persistent organic pollutants-potential impact of
biotic and abiotic interaction[J]. Current Opinion in Biotechnology,
2016, 38: 71-78

JJ, Zylstra GJ. Complete sequence and genetic
organization of pDTGI, the 83 kilobase naphthalene degradation
plasmid from Pseudomonas putida strain NCIB 9816-4[J].
Journal of Molecular Biology, 2004, 341(3): 753-768

Fortnagel P, Harms H, Wittich RM, et al. Metabolism of
dibenzofuran by Pseudomonas sp. strain HH69 and the mixed
culture HH27[J]. Applied and Environmental Microbiology, 1990,
56(4): 1148-1156

Resnick SM, Gibson DT. Regio-and stereospecific oxidation of
fluorene, dibenzofuran, and dibenzothiophene by naphthalene
dioxygenase from Pseudomonas sp. strain NCIB 9816-4[J]. Applied
and Environmental Microbiology, 1996, 62(11): 4073-4080

Hong HB, Chang YS, Nam IH, et al. Biotransformation of
2,7-dichloro-and 1,2,3,4-tetrachlorodibenzo-p-dioxin by
Sphingomonas wittichii RW1[J]. Applied and Environmental
Microbiology, 2002, 68(5): 2584-2588
Keim T, Francke W, Schmidt S,
2,7-dichloro-and 2,4,8-trichlorodibenzofuran by Sphingomonas
sp. strain RWI[J]. Journal of Industrial Microbiology and
Biotechnology, 1999, 23(4/5): 359-363

Wilkes H, Wittich R, Timmis KN, et al. Degradation of
chlorinated dibenzo-p-dioxins by
Sphingomonas sp. strain RWI1[J]. Applied and Environmental
Microbiology, 1996, 62(2): 367-371

Aly HAH, Huu NB, Wray V, et al. Two angular dioxygenases
contribute to the metabolic versatility of dibenzofuran-degrading
Rhodococcus sp. strain HAO1[J]. Applied and Environmental
Microbiology, 2008, 74(12): 3812-3822

Dennis

et al. Catabolism of

dibenzofurans  and

[17]

[18]

[19]

[20]

[21]

[22]

[23]

(24]

[25]

(26]

[27]

[28]

Shimizu S, Kobayashi H, Masai E, et al. Characterization of the
450-kb linear plasmid in a polychlorinated biphenyl degrader,
Rhodococcus sp. strain RHA1[J]. Applied and Environmental
Microbiology, 2001, 67(5): 2021-2028

Nojiri H, Kamakura M, Urata M, et al. Dioxin catabolic genes are
dispersed on the Terrabacter sp. DBF63 genome[J]. Biochemical
and Biophysical Research Communications, 2002, 296(2):
233-240

Habe H, Ide K, Yotsumoto M, et al. Degradation characteristics of
a dibenzofuran-degrader Terrabacter sp. strain DBF63 toward
chlorinated dioxins in soil[J]. Chemosphere, 2002, 48(2): 201-207
Miyakoshi M, Shintani M, Terabayashi T, et al. Transcriptome
analysis KT2440 harboring the
completely sequenced IncP-7 plasmid pCARI[J]. Journal of
Bacteriology, 2007, 189(19): 6849-6860

Musovic S, Dechesne A, Sorensen J, et al. Novel assay to assess
permissiveness of a soil microbial community toward receipt of
mobile genetic elements[J]. Applied
Microbiology, 2010, 76(14): 4813-4818
Shintani M, Matsui K, Inoue JI, et al. Single-cell analyses

of Pseudomonas putida

and Environmental

revealed transfer ranges of IncP-1, IncP-7, and IncP-9 plasmids in
a soil bacterial community[J]. Applied and Environmental
Microbiology, 2014, 80(1): 138-145

Peng P, Yang HY, Jia RB, et al. Biodegradation of dioxin by a
newly isolated Rhodococcus sp. with the involvement of
self-transmissible plasmids[J]. Applied Microbiology and
Biotechnology, 2013, 97(12): 5585-5595

Tida T, Mukouzaka Y, Nakamura K, et al. Plasmid-borne genes
code for an angular dioxygenase involved in dibenzofuran
degradation by Terrabacter sp. strain YK3[J]. Applied and
Environmental Microbiology, 2002, 68(6): 3716-3723

Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning: A
Laboratory Manual[M]. 2nd Edition. Cold Spring Harbor, NY:
Cold Spring Harbor Laboratory Press, 1989

Yang HY. Degradation of petroleum pollutants by Rhodococcus
sp. strain p52[D]. Jinan: Master’s Thesis of Shandong University,
2014 (in Chinese)

Wi, —ARLIERTE (Rhodococcus sp. strain pS2)%t A1 iHi5 44
HIBEMIISE[D]. 3R AR RSB A0R5C, 2014

Bradford MM. A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding[J]. Analytical Biochemistry, 1976, 72(1/2):
248-254

Lane DJ. 16S/23S rRNA sequencing[A]//Strackebrandt E,
Goodfellow M. Nucleic Acid Techniques in
Systematic[M]. New York: Wiley, 1991.

Bacterial

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



