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Rhodococcus sp. strain DK17 possesses three megaplasmids (380 kb pDK1, 330 kb pDK2, and 750 kb
pDK3). The alkylbenzene-degrading genes (akbABCDEF) are present on pDK2 while the phthalate
operons which are duplicated are present on both pDK2 (ophA’B’C’R’) and pDK3 (ophABCR). DK17
with an optimal temperature of 30°C showed no growth at 37°C. When transferred to 30°C, however,
the 37°C culture began to grow immediately, indicating that 37°C is not lethal but stressful for DK17
growth. In addition, when exposed to 37°C even for a short time, a part of DK17 cells lost the ability
to degrade o-xylene (a model compound of alkylbenzenes). When two hundred colonies were randomly
selected for colony PCR for pDK2-specific akbC, ophC’, or pDK3-specific ophC, a total of 29 colonies
were found to have lost at least one of the three genes. PFGE analysis clearly showed that all the
mutants have different megaplasmid profiles from that of DK17 wild type, which are divided into five
different cases: Type I (10 mutants, pDK2 loss and acquisition of a new ~700 kb plasmid), Type II (9
mutants, pDK2 loss), Type III (8 mutants, pDK3 loss and acquisition of a new ~400 kb plasmid), Type
IV (1 mutant, pDK3 loss), and Type V (1 mutant, pDK2 and pDK3 loss and acquisition of the ~400
kb and ~700 kb plasmids). The above results showing that growth temperature changes can induce
physical changes in bacterial genomes suggest that environmental changes in habitats including
temperature fluctuations affect significantly the evolution of bacteria.
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Rhizobium melilotio A 450 kb ©]’42] Athdt plasmid”7}
WAHEA o5 A7) 218l ‘megaplasmid’ 2k 80171 4]
o AHE o]F2(22), ThFEH Aol A megaplasmid®] EA)
7F FARJAHJTK2, 4, 9, 11). 53] WFFESFLE HIET
71 Eol JIFAEES]  Rao] HdIe FEHAEC]
megaplasmid®l] EAsk= A-97F B Ao® Hawo] gt
(3, 8, 15, 18). AZNE Rhodococcus & A H| &3}
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A= 3(Table 1), °|v] G <]
5, 13, 19, 20, 26).

els oH Afsketae L2 EgelA EeEgt
Rhodococcus sp. strain DK17< o-xylene, ethylbenzene}
toluene 5 2] FF2| alkylbenzene ¥5+ o} iz} phthalate
AR o8 & Uthl6). DK179] WI=ETsrs
EI WAL F-2 22 3709] linear catabolic megaplasmid (380
kb pDK1, 330 kb pDK2, 750 kb pDK3) %= pDK2%} pDK39]
Axshe Aoz FHUThT, 16). =, alkylbenzene &3l -
AAHakbABCDEF)S  pDK2°l, copyZ  EAsh=
phthalate 3l fHA2 pDK2 (ophA’B’C’R’)®} pDK3
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Fig. 1. PFGE separation of genomic DNA from
Rhodococcus sp. DK17. The genes encoding the initial steps
in alkylbenzene degradation are present on pDK2 while the
phthalate operons are duplicated and are present on both
pDK2 and pDK3.

(ophABCR)9l 242} 91x]3tk(Fig. 1). &3 pDK2+= AR 2
Atell oJaiA AiHog A etk Bas UAckle).
o}7]ell DK17¢9] 37°CellMe A8 ggatA] Eetths AH(17)
74A A i, A AN Al =AM A8E 2
T 4% 5] DK179A F83 E814 ~E#~E 288 &
U= FE0] 7FsEiRinh o] dFelAe tdst 37 ~EH|
27} DK179) PIXE 93-S etshr] 913 A dAlR g2
=7} DK179] WaEetalsA AL}l megaplasmid Aol
HR= G AT

TR 2% Aol o5k EFZo| DK179 WA= &S
olr ] 9J8iA, DK17S 20 mM EET©] S°i3= mineral
salt basal (MSB-glucose) HIA|(25)°] HF3IH T, 30°ColA
14-16A17F wFsiath. mgds ARSI 4 d#AE
MSB/glucose Bl Aol HEHODgpo=~0.1)3F31L, 10702] microtiter
plate wellll 0.3 ml% £33}tk BioscreenC machine (Oy
Growth Curves AB Ltd., Finland)S ©]&3}> DK17& 30°C

dZAo] oJgt megaplasmid®] &AM} ZjufE 93

oA 5AIZE Bt 271 A58 17HA] WK ODgsoo=~0.2) 8+ &,
LEE 37°CE F0]a 50%(30°CollA DK17¢] doubling time)
S wlFg e dFAS FEsith E5AS e 1070
o HjYA-S MSB Hi Aol H-d3] 5]4ste] MSB/glucose A
Hj Aol =t thE, 30°CollA 2 B}t AAulgsiack 8%
o] DK179] alkylbenzenes 3l 5ol ¥|X|= &k digh
12} AL, aARA A2 Jets FollA F29IE 200
NE delste] Bt olPpARE o83t Zzte] Hehs 3
79 IAEIA[MSB, MSB-phthalate (5 mM), MSB-glucose
(20 mM)]ell FESATE HEE MSB 1A E 28E &
kg 5ol Y1l o-xylene2 71| Fe|Z I3tk 30°Coll
A 39 B BAIFEFAA #ESE 27, MSB-phthalate S}
MSB-glucose HiA|OIX = HES e o] Ao
o-xyleneS FF3F MSB HIX|ME F 971(4.5%)2] FEo]
37sA] Fsldnk 37°C %4 glo] wieFst dixatellA A
13}k 200709] S o-xyleneol|A BF GAFZQA AFS H
Q7] Wl 919 o= %4 w2 DK179] 4% A2rt
o-xylene £3| 8ol &S wigkon, Yolrba zke)d A
o] 759} vPIA R o-xylene &3l #A Aol fIAgH
pDK27} =S 7Fs 7M. SAlge

dZAo] DK17° HAe 43S 304 FFANA Gotry]
3}, pDK29l| AX|3h= akbCS} ophC’ 1E]2 pDK39l 9
k= ophCe] 224 RS ARSI AollM Fael= A
w3} 20070 HEho 25 E] i-genomic DNA Extraction Mini kit
(iNtRON Biotechnology, Korea) S ©]&3}] genomic DNAE
HolAa]l PCRE] 5% DNAZ ARS8l pDK2 §°] f-%A131
akbC 2 ophC’S} pDK3 Eo] A% ophC) ZZo|| AHE-
gk xejolm o] H7IMEL T Zthk akbC-F (5'-ATGGC
AAAAGTGACCGAA C-3'); akbC-R (5-TTATGCGGGGAT
GTCGAG-3'); ophC’-F (5'-CAAAATCGCCGATG-3'); ophC’-R
(5'-CTATACCGTCGCTGCGC-3"); ophC-F (5'-CAGAGTCT
CCCCTG-3"); ophC-R (5'-CTATACCGTCGCTGCGC-3"). PCR
Hk3-2 ReadyMix Taq PCR Reaction Mix (Sigma, USA)S
o]83}o] PTC-200 Peltier Thermal Cycler (MJ Research,
USA)Z F33139tk. DK17 genomic DNA 100 ng, forward/
reverse Z2Fo|™ (10 pmol/ul) 2+ 1 pl, 2% Taq premix 10 pl,

Table 1. Selected Gram-positive bacterial strains and their organic compound-degradative plasmids

. Plasmid

Strain (size in kb) Compounds Shape Reference

Arthrobacter nicotinovor pAOL1 (165) Nicotine Circular 12
pTC1 (408) Atrazine/Isopropylamine Circular

Arthrobacter aurescens TC1 pTC2 (300) Isopropylamine Circular 20

Rhodococcus erythropolis BD2 pBD2 (210) Isopropylbenzene Linear 26

Lo pRHLI1 (1,123) Biphenyl/Phthalates Linear

Rhodococcus jostii RHAI pRHL2 (442) Phthalates Linear 24
pDK2 (330) Alkylbenzenes/Phthalate Linear

Rhodococcus sp. DK17 pDK3 (750) Phthalate Lincar 7, 16

Gordonia westfalica Kbl pKBI1 (101) cis-1,4-Polyisoprene Circular 5

Gordonia sp. KTR9 pGKT2 (182) Hexahydro-1,3,5-trinitro-1,3,5-triazine Circular 13
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Fig. 2. PFGE separation of genomic DNAs prepared from the wild-type and the heat-shocked DK17 strains. Left and right
panels show a photo of the PFGE gel and its drawing version, respectively. Lanes: 1, A ladder standard; 2, the wild-type DK17;
3, Type I mutant (loss of pDK2 and acquisition of a new ~700 kb plasmid); 4, Type II mutant (loss of pDK2); 5, Type III
mutant (loss of pDK3 and acquisition of a new ~400 kb plasmid); 6, Type IV mutant (loss of pDK3); 7, Type V mutant (loss
of both pDK2 and pDK3 and acquisition of a ~400 kb and ~700 kb plasmids, respectively).

a3 B SRF 7 WS EGF F, 95°C-103; 95°C-30%,
55°C-30%, 72°C-132, 30 cycles; 72°C-10% PCR W3-
AHE-3I9TE PCR 2HES 0.5% TAE $%-9(1x TAE: 40 mM
Tris-acetate, 1 mM EDTA, pH 8.0)%} 0.7% agarose geloll %
71983k BRIt 1 A, F 29719 FeelA akbC,
ophC’ Z18]3L ophC FRAE FollA] Hox shprt S5 A
&5l AU FAHCE, akbCOt ophC'7} BT SFE]
A &2 o] 9L, A2t ophC'3 ophCRY SFHA] 942
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g3 20| DK179] megaplasmidoll oJ® F&S FH=A] 2
AREF7] 91BA, Saeki 5(23)9 WHE 7 WHIT pulsed
field gel electrophoresis (PFGE) WHoZ 9] 297 =<1
OJAIEY FAAME EASIATE DK17 EARCIAE glucose
(1%, wiv)S} glycine (1%, w/v)©] S+ LB HAuix] o) &
F3kaL 30°CollA] 24213t FF w8t mjdels A4l
slo] 42 #AS EET $5-94[0.1 M EDTA, 10 mM ethylene
glycol-bis (B-aminoethylether)-N,N,N’,N -tetraacetic acid, 10
mM Tris-HCl, pH 8.0]9] &€dt Fof, low-melting point
agarose (2%, wiv)2} EFsF] A2 ZH ) Lysozyme (2
mg/ml), proteinase K (2 mg/ml), Z12]3 sodium N-lauroyl-
sarcosine (0.5 mg/ml)¢] 7} TE 54 (50 mM Tris-HCI,
20 mM EDTA; pH 8.0)9l plugE ¥l 30°Co|A] 48417t &
oF Wke-A17] 3 SDS (1%, w/v)7} E3FE EET $=do = &
7131 55°CellA 12A13F 2t O WRgAIHTE Pluge HEZ o
2 TE $5d& o83t 39 AojFa 2 gadol ¥
ZElR 4°Cell B#L}3tk. PFGEE 0.5% TBE $H5i(1x

TBE: 89 mM Tris borate, 2.5 mM EDTA, pH 8.0)% PFGE
& agarose gel (1.0%, w/v)E A8}, Bio-Rad Laboratories
CHEF-DR 1II system®l|X] <=8J3}4T}. Pulse durations & 16
AIZE B9t 15%014 6022 F7HAF1EA 14°ColA 6 Viem
2 A7)9%S 2AEH. PFGE ¥ DK179] megaplasmid
EA 59 AR 2718 vl A A, 29719 B
HoAIE EF opEH ok s B, 2A 57K f
type I-V)2.2 EFE F AT

pDK27} 233 A28 megaplasmid (~700 kb)7} &3
3 10702 EAMIAELS Type I (Fig. 2, lane 2).2 H-F3}
Aok T2 AMI2 Type 1 EAHOIAEY genomic DNA
£ FHOF AREE PCR HIZEONA ophC'2 SEHHA] &3k
At akbC7} SZE 3L Type I EAHOIAE2] o-xylene ol A
Ao R 44T 4 dtke Aotk ol= pDK2E ARMA
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EAskaL es et AAlE A= SH]E oF 700 kb 2
719] megaplasmidE- #2]5l] PCR ¥-3-9] Foz A3}
WA akbC7} 5] 7] W&ol alkylbezenes £l FHAlro] of
£ DNA 273 AuE-e doAM M2 megaplasmidE &
A% Aow F5Hh

Type IIo&= pDK2E 23 970(4.5%) S EAMClAIEC]
Z3re)=ul(Fig. 2, lane 3), pDK22] AEE Qs ophC’s}
akbC7} FEEA] 94gkom o-xyleneoll X “37gakA] X3tk =
3} MSB-phthalate (5 mM) A R]ol|A= DK17HT AP
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o} AAIZ phthalate thAtl 7 7He] &3l fAAle] 25 &
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Rhodococcus sp. strain DK172 3702] linear catabolic
megaplasmid (380 kb pDK1, 330 kb pDK2, 750 kb pDK3)
= HH3laL Atk Alkylbenzene #3l -3 Al akbABCDEF)
L pDK299 $JX|3}= WHH phthalate &3] FAAES] 7H-$-
e A 5Y3I copy’t pDK2 (ophA’B’C’R)S} pDK3
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2 SA A RS ARRIEEE ol 37°CEle 2% 21

o] DK1790A A& o|A]& FARE 2E# AR A-G3hE QM
shke Zolth ®EF 37°Cold EFAES e dF AEs
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megaplasmid F3[pDK2 &4 A A= <F 700 kb
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SHA| 22 2F 400 kb megaplasmid Z&(87l), pDK3TF A2
(17W), 183l pDK29} pDK3 A3 &4 22t oF 400 kbe}
700 kb =7]9] A Z2 megaplasmid Z(17))]0] 2=k
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