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WE e B OBEE (#3C) : gamma-Hexachlorocyclohexane (gamma-HCH) is a completely
man-made chlorinated pesticide that has caused serious environmental problems due to its toxicity
and long persistence in upland soils. In our previous study, the complete genome sequence of an
archetypal gamma-HCH-degrading strain, Sphingobium japonicum UT26, was determined. The
‘specific’ lin genes (linA to linE) for the conversion of gamma-HCH to maleylacetate are dispersed
on chromosome 1 (linA, 1inB, and linC) and a plasmid pCHQ1 (linD and linE) in the UT26 genome.
IS6100 is often found in close proximity to the ‘specific’ lin genes not only in UT26 but also in
other gamma-HCH-degrading strains. To get more insights into the appearance and evolution of
gamma-HCH-degrading bacteria, the draft genome sequences of three other such strains,
Sphingomonas sp. MM-1, Sphingobium sp. TKS, and Sphingobium sp. MI11205 (5), which were
isolated at geographically different area with one another, were determined and compared with the
complete genome sequences of UT26 and other closely related but non-gamma-HCH-degrading
sphingomonad strains. All the former three gamma-HCH-degrading strains also have the ‘specific’
lin genes, but the location of such genes on their genomes are different from that on UT26, and for
example, MM-1 carries such genes on three plasmids. Furthermore, genome contents and
organizations of the four gamma-HCH-degraders are different with one another. These results
suggested that these degraders had been created independently by lateral gene transfer of the
‘specific’ lin genes. Analysis of flanking regions of 13 copies of 1S6100 in UT26 suggested the
DNA exchanges between chromosome and plasmids via the 1S6100 transposition. Our use of
sacB-based IS entrapment technique indeed revealed the transposability of endogenous 1S6100 in
UT26. These results strongly suggested that 1S6100 plays important roles in the dissemination of
the ‘specific’ lin genes among gamma-HCH-degrading bacteria as well as in their genome
rearrangements
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B2 A R K0 AR PE ST A B SR SR 7%
H #lly-hexachlorocyclohexane (y-HCH) 35 L O
RIS FE O FIPEY) O HCH £ Fi L (K DDT,
RU A7 ST X D EREEGYE, JetEREE D
fEfH 22 IE L CWDBIEIZRB W T b, TG
YeXo— I CHEA L7 b O HIER L~
THEHT 2 2 Lz kb HERAIICERA e fRE
Lo TND, T b EERIEDBREG Y
BOLIIMAEMZ L D0 EZ T 5 L5
ZHNTWDED, Z OB IO TR
HILTWD, HFEE HIL, MERE ) OB
b~ & B OB B LA I3 2 i
his - LB O 2 BRY & LT, y-HCH 43
&L E Sphingobium japonicum UT26 k% %
MR LI e B L THEMBLTER
(Nagata, Y. et al., Appl. Microbiol. Biotechnol.
76, 741-752, 2007), & DOFEF, A EE
7R BRBEIG Y E T d Hy-HCH OFRAED 3
F DR A RSB T TRE 2 & 381,
it DO BEEATIERR & B OFE T, (i) UT26 #k%
& sphingomonads (LA, A7 4 v IEF}
AHHEEEE) &P S 4D a-proteobacteria 12 &
T Al B B I XA AL E S RRERS S T
VI NEEHWE ARERE IR & 2R &
FOWEBENREENDL D, ZNENORENIT
il 2 DERIZEHE L TR D . AHIEEIT [8R
BRI L] L OIERIEBG s G
TR T ) AEEEROLEEZEZIDBND T
L (Nagata, Y. et al, Appl. Microbiol.
Biotechnol. 76, 741-752, 2007; KI5 fbaEL
) 47, 35-42, 2009), (i) & 5 FEOF ARSI
7T A R & O EE BT 05 A
B A O B R R BLBYRE ) D MBS I Z B A A
ERIELTWAHTZ L (Fuchu, G et al., Appl.
Microbiol. Biotechnol. 79, 627-632, 2008;

Miyazaki, R. et al., Appl. Environ. Microbiol. 72,

6923-6933, 2006), 35# < /R I FLTZ,

AHFFE I, (1) UT26 kD7 LD A[¥E
P EAERUF B DWW CREICREIT L. A 7 1
YAETAMERED (AT x U XN ZpE
AT KT ) 2EEERET D ER %
oMl (2) REHRBHZE VT,
[BREEAS 17—V & OBIR T AH % HHE
9 LB 2 b b AEERER T OFEHE
WEROLNCTDHZ e, 2B T, @R
FLUWAEMBEZER L, ZORREEZFHL
T, (3) @EEEICEE sy il DB BETE Y E 5y
B in OB LR A, [BREER 7 — )
26 OF HBAS 1 BUIFIED B S ~ & O
FAHZExEHME LT,

AT 4 AR AMERL, #HER EOREA
REBEEICERT 2 EERMEREOO L ST
HY . OETIVGME & I3 L < B DMk
720 ) LB - HEFEE A AT 5 LR OR
X CW5 (White, D.C. et al., Curr. Opin.
Biotechnol. 7: 301-306, 1996; KIE5 (b5 &4
%) 47, 35-42, 2009; Stolz, A., Appl. Microbiol.
Biotechnol. 81, 793-811, 2009), L 7-23-> T,
AWFFE TR B AL D R, BB ) DOEIEAY 7R
B LWAERFER R OF RIS L
FFCE D, — . BREREPICHEET 5/
DELIFBEGFO FETIIEERN#ETH D
(Amann, R. et al., Microbiol. Rev. 59, 143-169,
1995) . IETERI 22T AE MRk RE A TSk OTUE 7
HFETHHT2OITE LY, £, H58%
IS THHG L2 DNA 2895 A %7 7 A
EATIIA 7 —FBETldd 505, BIERE CIX
WK 7R MRS IS A B THERE) & RS OMY
JoZ&iFTEwvL, BiFED THRE] ~—
ADART ) AFELNRICHER DV | R
Bi o T DAL R OAR W EAR - O B T
ODTHEETH S, T72bbH, Wbhwd TE]RE
BIn 7 —v] o, AHAERERT 205
B HUAG S 2 HEPER STV D D HE]
WTHY | ARBFFEARIL, IR HEEE
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(1-1) UT26 R OEEG AR DR - HERAHSAE
DOFEA : UT26 #k1Z 3.5Mb & 680 kb » 2 >
ek (ZhFnCchrl & Chr2) & 191kb ®
1 2OEKR7Z A3 FpCHQL %A L. y-HCH
ORISR lin AR FREIX, lind, linB, linC
/L Chr 1 IZAWIZEEN T, linD & LinE 134X
v & UCHIEER T linR &3L\20 T A% —
%72 L CpCHQLZ, linFiX Chr2iZ, &3>
DL Y a3 NIEEL TS, BEICIEFED
7 AEIIEHRNG, Zhb LT ar ol
BIHERF I BT 2 BIE 138 X ORI AR S o fi
RS DRRE TR TE 50, Wb RO
MHBE RS & OMEMENMELS , EERICH
BELTCWAMNIARHATHD, £ T, b
DHEREIZOWT, YEERKOI =L 7Y a
RENOOEREKEERST 2728 LT, EiR
BIRGEZTTH Z & T UT26 D 3 DDOFEL
U 2 U DR EN AR RMERR S 4L D 1S & fiR R
2,
(1-2) y-HCH 3 fs 1Bt OB\ in BN RE (2 B
T DT - UT26 #7777 AH T, lind, linC,
LinRED 7 7 A X — X HBE B HNC R Z il =
T2 &, BEUpCHQL iF, D7e< &% UT26
PR &R DO @S O ERAS T A RETRE Th
HZEDRHEELDZNE TOMZENSHG
MIZ7 > T\ % (Nagata, Y. et al, FEMS

Microbial. Lett. 256, 112-118, 2006), AHF5E T,

F7. (@) HFEHE LOBEICESSHE AT, lin &
R BIRR R R A F5> UT26 #RH kD%
RO R ZFIE L, T D% R %
HOMCT 5, FRIT, 28 5L PTE L fE Ik AT
F B ARIK 1B E B AR oM 0 IR LELS 7 &
DB FRmICEL D Z LR TFRINHE
FIOIFEDOA WA IG5, /2, A
T 4 AT AMERE TR LECH A
L CW DRk E UT26 ko2 ) KELSI % bt
L, Zhbic@moidsl s UT26 (2R
A B BT D, —T57. (b) UT26 #RIC
BIF 2@ F RS T CO lin E\ia - REOE
BRRERDEREL E . NEEMZ F D ks
BERIZHOWTRIT 21T 9

(1-3) BRIEAE % 5 2 72D UT26 Kk 7/

AL OMH RS BRREAE O X kL
A FIZIgEE N6, FEhBER 20 Lz
7 ) ANTEG R 2 S0, IR O s 142
Bz @ U CHBEE N 2EE LY, AXa
DB SN D ATREMENE 2 b b, AFET
1%, UT26 #k2E7 /1L LT, (a) AFEkkAEE
BRESRMT T (1) M. (i) B2eE, (i) =
BRFIFEOLE), REOBRE (AL X)) %

52,7 ) NEREOKXE BT D, — 5,
(b) k& ZeBREEREHH R OTA SR & |
UT26 ¥R D lin s TR KREFKZIRA L, lin
AR T- 8 5 WEFIEE ORSRE 240 5 BrHlEE
FDOKARTENK Z B>, BT 5, Wik
i, BEIZ, HCH /54 8 ok o E L]
& linB RIRZEREFIKZIRET D Z & T linB
BT E2HTH7 T A R pLBl OEURITAL
L TH Y (Miyazaki, R. et al., Appl. Environ.
Microbiol. 72, 6923-6933, 2006). AHFZE T,
WEPLOER A X0 N - AR ER T
D,

(2) A7 4 »FEF ZMERFA O A
BARK TR D aF5E

IO FEOME DORT ) MMEFHZ L -
T, BER TIIEkA R TOT ) NEMRED
Zo>TWDHZE, TLTEDT ) LMK
Wik, 77AIR, hFVRRY Y AT
rayv, 7 IvITA Ty R EOREE
BRKTPESBES LTWD Z LML
272> TW5 (REHME - SHEH, £0H
£ EF 50, 1527-1534, 2005), AHFSE Tla.
FRlZ, A7 ¢ v IEF AMERES N BIEFEY
B RERE ST DBRICHRE L T\ D L E
ZHhd, HiEE O RBUFEAOFARS] &
7T A RIZOWTREM 7T 2179 & 46
(2 ARHGEFZEOBFE CTHiZICRE SN D 2
EDRTFRIN DR ATEMEEER A2 DOn
THIITEAT O,

(2-1) 27 4 > AEF AMEFERAT O F B
BIRE A OREARPEEOfEY] () AR
Bl : HCH 3 fif B 0 lin (&7 FEE 0 e 1
T B O AL A1) 1S6100 28 FLH & 4, AN A
BLAIAN lin BARFHEOBREH COBRHEC. 7o
RN T O lin BR T REORERGEBER 2% < B
HLTWS ERBIN TS (Nagata, Y. et
al., Appl. Microbiol. Biotechnol. 76, 741-752,
2007), 7z, UT26 RN OB FFfRAIC I
ISspl NBIH- L CND Z EDNRIBEINTVND
(Miyauchi, K. et al., Biosci. Biotechnol.
Biochem. 69, 216-219, 2005), ASHFZEIZIS\UNT
X, 2o AEEREIR O (i) BiZEEN
BeREd 218 FAfa O, (i) ¥ —7~7 > M
Fll, (i) BYRIFEEOTEMEALSRIE, FITONT
Batz179, (b) TSR I K :UT26 BRMEA
$ 53D T A I K (pCHQL, pUTL, pUT2),
HCH 75 % 587~ & 858 AR A F 15 CHUS:
L7277 A3 K pLB1 (Miyazaki, R. et al.,
Appl. Environ. Microbiol. 72, 6923-6933, 2006)
HEEE D OMENTH Oftod HCH 23 fif 8 L OY
HCH 3 fif =t ) — 37 DMTAFET 5 lin & 1x
FREZHOBEE T T A R, ORISR -
MEFHBAE, RO ONTAK R E AT HH D
1%, Z OKVARKE I BE70fE HIk & AlEh kDS
R AZOWTHRE 21T 9, () FRATEHE
BEAF: EERLSMT S, UT26 857 7 AITIE,
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(1-3)(b)iz BT, FrIR AT BB R R 12 S
INDHETFREIND, ZnboafEihl Zo
IS THERE I ST 24T 9,

(2-2) tHEEEREEH C O R ESERIK - OB
ZEEOMER © HEEE DO TR FER T, JEE
YOS R T (L~ 7 naXL)
y-HCH ZIfsIN9 % & BGEM# 12 156100 234E
HEIZEET 2R 2G5 T D, BRSO ELT
7£ L TV 7= 1S6100-1in-1S6100 DA % £
y-HCH Z3 fifHi 3 BLREIZ B9 516 L 7= TREME 2
BETEXHERLGTEBY ., yv-HCHIZ X 575
YL T, 1S6100 DOENAEE) AN R R AYIZTE ML &
niee&Exonsd, AETIE, Eit (2-1)
THTT D A7 ¢ v T AMBERERA O
AT E AR K T D T HEER R T O B 2 )
RAHINTHETT 5,

(3) = EE ML BRI Y e o i DAl
H
(DQR)DWFZEIE B 2B LT A & B+
2T, [BREELTF7—/V) b OA FRkLE
BIGTBAHEDOR R % AR -7 V5
ZEMT 5, BRI, BR7R0RER X
O RIS &A1 231 5 4 TV 22 O B-HCH,
DDT. RVY > Hl7e & orE s it A R
LB fRE ORI 2R A5, BLERE T
ZDBNDANTTU—ELTE, £9., &
BBl 7 — v & OBGTASHN K0 IEF
270D Z EDNHIFF S NS UT26 4 Bk % 1ERL
T 5, iz, (i) REERT—/L] LD
BT ARHNCEE BRI R T B2
A AEWERER Bk a e —5, 50
I, ZENHOHX =7 b ERY T WENLE
A L72E, (i) UT26 RS 2 R LTV D
TITAI RERESE, IROTT7AI F&
SV IAHRSLT K ST, ETH D,
WIZ, DB R 2Rk & 7o A AREREE R
KOWAEMER L L~ A /v a X LET
BEAR L, LiiWE S RRe bR & A L7k
IR T D, TORE Al B
Y E ST % 72 EOBRER %2 5 2
BHEIRIT, IR, RBREME, KODEERLE,
U B AT BN AR R - OB B AN TE AL
51O\ R St TR 21T 9, O IRE N
BoNHEEICE, FBEESCHEEIC OV TR
SMEITV. L0 —MEoEW (RS
—)V] D OAFREGTREEE N T D,

4. WFFERR

FEMIEEEm L, AT v TS A
7 D FEARIIRE R IR B9 D EE A
RAEBs LItic, 7 AOFRRICHBIT A
ABES 156100 @ BARA 72 B 54k B & s
2922 LR, FZE0 BB R

DRERTEZEEZTNWS, 12771, ERE
W2 BRIRBE T 7 — v hoAHEETZE
BT D5 ETITEEL o7z, 5%IE. ABF
eI AR AR L, BB T3R5
Wn 17—V I HA ABG T 2RSS D
FEREA LW EEZ TN D, RAFZED LR
WX, B S TR E et SRR D
LOLEENDIN, ZNHIZHOWTIISH3
EHLTWL FPETH D, SRIOR R D
ZHENFEREE LDOIT-> TWAHIIEL S
DIZHER D ETCERABEMICR 722
LIV ETHRL, 2L BEHOE
ERLIEV, £, RWFIEICED - 72 KB
FAEBIOWEH NEOHRKICH ZOKS
WChHbETHELR LV,

PLFIZ, AKiFgEclEon-TEomiseE L
Wiz, T OMBRETHE 2 A6 & L 7= BEAFE
DREEIZ DN TITEIEZT D,

(1) UT26 213 H 7 5 EYtalfkListo 4 >
DOL7Ya g, Chr 2 & pCHQL 73 repABC
family plasmid, pUT1 75 iteron-type plasmid,
pUT2 7* IncP-9/pM3 family plasmid & #5{El >
LB AT D ERP LMol L
L. Bt b o & UMK, 26561
7 U =2 > ¥ a-proteobacteria . HF 1T |
sphingomonads A D& D Tdh 5 Z & A<
RSz, 7725, 215 sphingomonads
B D L7 =278 sphingomonads O BT HiHE
NERJICEHEREE 2RI L TWD EER
bivd,

(2) linA, linC, linRED H AR L BERD K

IR A L7 R, linA LIz [/ —J5
M2 2 2 B —7FE 7 % 1S6100 7> homologous
recombination . linC 1% EWICTFEET S
1S6100 75 FICEEE 9 Hilfe T, ZN IR
L2 EBBHLMNI/o7-, £7=. linRED
B LT, PASOME . BN E T TR,
PR e R A DM T2 LTS
72 o723, iNRED 7 7 A X — LiRICHFAET
% 186100 N KD EEFR D —i & 7p > T/,
PLE lin B8 F-EEO K KIZ 156100 73 EHEHY
WZBET 2 ERHLNE o T,

(3) UT26 #4 / AI2i 15 f¥E. A3k 45
=D IS BFEET D, Zih IS OEEN
TOEBERIET 572012, sacB Bx 424
T DR ER 7T A K pGEN500 % FHu 7=
IS entrapment 5% UT26 #RIC#EHA L7=, £
AR AR UT26 HRICEZICTH D Z & 3k
WEND &z, ISspl, 156100, 1SSj12, F &
T3+ 5 v AR Y v OB HER Sz,

(4) UT26 £z 13 22 ©—1F7ET 5 1S6100
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(5)y-HCH 43f#:#fiE Sphingomonas sp. MM-1
BRCIE, UT26 BREIT 272D . HCH fREHRIC
BB B9 72 lin genes (linA~linF) ® 4= T3,
sphingomonads A DD 75 A3 K EIZ
BAET 2 2 EMNH LN o T,

(6) SRAAIIC UT26 Bk & F72 2y-HCH 43 i
#M A Sphingomonas sp. MM-1 #£., Sphingobium
sp. MI1205 ¥k, Sphingobium sp. TKS #£® K<
7 N7 SRS EDGE L, UT26 #Rds LU

& sphingomonads #£7" / A & bhi U 72 K525

i E Dy-HCH 43 il B 208 BR B CieA L7z
DT, ERNENOML LTZBREEF T

[RIBFZ 30T ) y-HCH S it 23 A4 U 7= )
BN TR INT, £, ThiCiX
sphingomonads 45450~ 7 A X K & 156100 A3
HEREE A2 R L TWD 2 LR R
STz,
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