ALK AR SE R
WA LR RE R R 5 B S

SR =

2016 4210 H 1 H~2022 43 H 31 H

2022 43 A

L KHE B

S Hif SRy RN

By 2 InfgE TR

8 # e PEfEE
HRFIEE. BFa L K



EPHEEREDREZE - = = » »  r n e e e e e e e e a e 2
A EREOMEEE « + « = = v v v vt hm e e 3
BRZOBE « « = = = & v w wox o nh e w ek ek e r ks 22
it AR 23
- 24



1. EMEEEEDIE

AREEDEMFFIITEN IS DA B 2 TR E S D T2, ARFREAGEMBIAIITERR . &
TRERENFEREITEET (IFO) OROITIT, AFMERREZ PR Lo, WSR2 %< O
IERE R0, AFAZ B EIG A L, EmREEEOxG e LTERETH D, SHIZ, 7/ b A
B DRATEAROE L EA7R EOBIRITERT S 5V . MEMIITEU I 00 DA e i &
NDHETHD, AEMERETIL, FRIMEM O R BRE UM E S fRRE N RS ALY | B
A~ DERR O AR S EEMIOBSREE S DAFIA & ARBIRRE ) OBIFEFEOMEL 2 H
fE Uiz, ARRgeR Cld, AGIHRRISEARET D 2 & T SR D /ot eh el &
WeNE 2 LIS, TAEMREES I 1S DT 72 R~ OB TREL 720 | ABIERHZ I D1
WIFFEOTEAEA b & AGErEDRERT « RBHIS J OMEMIII E 2 iS22 L DS NRHIASIER Lz, Al
WIFEEHZ I DI B OIEME, AFOH2 53, AKX, & BITIAARBAROIRITE R
L7,

ARSI DATE T, BRBGHI DBREH 5 U E 72 & OFTHIWE RGBT R 2R D | BT
A ODBRELRIG - FERBH VSIS OAE 2 RN CER L, MIERFSRED FEBREE COMBERIM, 6 LU
W72 ERERERITEI G T~ 2 72D DS AN 2 Z L A ARV E L, —EDNTEZ@ U T
HEDHE &R B ORI N OB RE I LT, A% TesREl I U TG RIREZ
EEORVERIMGONI-Z L, Ak, WEMIOIRERIE O 7205k & L TUREBEE 2
BRICRE TR SNRDINFTE D, S HIT, SR CAWEIT J DBREH G Y IR Y I CIRA
RRIETH Y . BEHHEADISHDOBURN D BANIFEO 2RI TR < . AWFEORSRIT, Wk
WhiGeon= 7 v 7y 78 LT, AEIERERIRE OB IIMEOH SRR & R E e oS
MU HEED D b D EHIFSND,



2. IRAEEHEDHE

2-1. 1ZC®IZ

NEOTEFINZ Lo T, a2 WES R S, ARG Z 5 [ ZEZ L TnD—
T3 N EIRDHERIEE % 53 - B DIERIOAHED R 4TV % (Janssenetal., 2005) o
LAVOIED T, O ] OB GIRE A JE1S L 72 & B 2 B, BREEME~DIGHTZT 72 <
AW OBREERIG « A HEOMEIN & W O BRI bIBEIVIERIR CTh D, ZIE TIZ, #Rx 72
BRGNS fRE LR B DAIFFEM Tt L, B iR DBRE A E O Tl 5 o3 il
T DB A SHREAEO R HERR S TR, FEUIERA B2 7o v b & UTIHE
L. ATEWEE AR T > CERBEMIE P SHiEfi L QD Z EAA BT > D (Tsudaetal,, 1999)
ZAUTH LT, AT & O CEE iR DBRBEBYIE T OV, SEo i OBl X
HDHHDD  (Janssen et al., 2005; Nagata et al., 2016) . ZAVHMEN E D L S THar{ Gie h 21815 L7-
DODNIAZRITDZ N,

BREFRRA y-~F Y7 aa vy a~dt s (-HCH) X ABEIROEEE ThHY . A
b 27 IV BZRKNT L 0 PR 5YYE. (Persistent Organic Pollutants, POPs) (2 HAEE 4L, D
TR TR 2 EBRAY7R 0 #0735k HIV TN D, HCH (I3 8 DDA (BHGRIMAZ Z0HD L 9
D) WHET %o BIEMEAGT 2DILy-HCH DA Th D7, THEAEDOBNZ, FIZ4 DORMEAK @
- B- v OARHVEL, ZHUOEMHAORTHREFIRE L, 1F94E L L CRIEIZZ2> T\ D

(Vijgenetal,,2011), HT% B-HCH IHEFRFT-OETHY 7 a~nF V8807 7 N 7ILOMGEIC
FHET DDA TR b LE T %,

y-HCH /& VIR Sphingobivm japonicum UT26 FRI%, y-HCH A3 12 4E[HU T Sz BARORERELS
IHEEESI- (Imai et al., 1989; Senoo et al., 1989), UT26 FRi%y-HCH A ME k3R E LCTAEBL, £
DRI & A GHPUL A AT DRER, B LOEN BEERE o — K32 lin s TRV S (Fig.
Do AR IV T, y-HCH | 3 I LA 2361 2 HasD I GEREN T 5 B-
7N T VB AR ER TR S 72, LinA (y-HCH dehydrochlorinase) . LinB (1,4-TCDN halidohydrolase) ,
LinC (2,5-DDOL dehydrogenase) , LinD (2,5-DCHQ reductive dehalogenase) . LinE (CHQ 1,2-dioxygenase) |
LinF (= LA /WA reductase) D 6 DOMGHIHERIZ L > THDOND B-F M7 V8 U lEE TOREINS y-
HCH i RG22 5% (Nagata et al., 2007), UT26 #ki%, y-HCH D555 f# AN aIHET
BHDHN, L CHT/2 dead-end FEMZE LD (Fig. 1), F72. lind, [linB, linC |3ERPNTFEIL



LT % (Nagataetal,2007), XU, lin B THATY ) DHICRIE L, S ORIFET S lind,
linB, linClIA~a ZEA L7y (Nagataeral,,2011), lind, linC 33X ONinRED 77 5 A% —DifT
FAIHRABLS N IS6100 DFLEL . lin AR FREOBIAHIRZZE S DFEIN £ 70> T D, ZDEIIT,
UT26 #£0 y-HCH RS TSR EEME < . B2 LTS Z2WMEIER Th D Z & 2784 5% < DFF
#AEA L5 (Nagataetal,2019),

UT26 #RLSMZ G, y-HCH %&b DB SRS DT YR O BB ST D03, 47
RN BG4 DRI M S TS y-HCH & VB, (REET AT o o AE Ty NllEERE
\ZET % (Laletal,,2010), A7 ¢ > TEF MRS Alphaproteobacteria \ZJ&T % 77 I2MEF T,
SMELZ ) IREBEEAFIZTIIA T ¢ o FEEEAFFD  (Kawahara er al., 1990) . ZARZHE R E DSy
FREAER AT DM HBES IV CND Z L b, IERINC S ERARE A AT DMt & B2 b

i OCH,COOH Common pathway for degradation of chlorinated aromatic compounds
O
24,5-T

y-HCH c B-ketoadipate succinate
succlnyl-CoA LinJ (\coon
ol 'COOH N9 62 con
c a OCH,COOH coon 'COOH —
cl o LInGH  gg\_0-Cr °
cl e cl o HeCon
c 24D LinF | napase 1
LinA lu. Hel c
cl OH Jf/\coon
cl cl COOH
cl cl HO > maleyacetate
PCP

Central metabolic pathway

?

:—>nc|

Spontaneou

LinA t 0
(/:CODH Ccoou

Ho A0 Ho Xy CHO

cl

LinE }o assael o/ILi“E Inherent function in sphingomonads
Spontaneous \g/,"c' 2 2GSH *
C‘/< LinB @“" @o" Outer membrane M0
Cl HCI cl OH .
@ [ @ ] Ho ¢ LinD Ho LinN (Lipoprotein)
Periplasm
. o cl o] o GS-SGHHCI v LinM (Periprasmic protein)
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Spontaneous aowse LHIND [ paey Inner membrane [ T T
a oH LinB Nap* ’ LinL
@: Hel o oH cl@oﬁ Cytoplasm [ ) LinL (aTPase component)
NG lrragi ©§
2,5-DCP

Specific pathway for lindane degradation

Fig. 1 Functions necessary for y-HCH utilization in sphingomonads

(Nagata et al., 2019) . B -Ketoadipate pathway is common pathway
for the degradation of aromatic compounds and is widely distributed
among environmental bacteria. 1,2,4-TCB and 2,5-DCP are dead-end
products, and 2,5-DCP has toxic effect on the cells. The LinKLNM-
type ABC transporter, which is an inherent function in sphingomonads,
is involved in the tolerance for the toxic effect of 2,5-DCP.



W% (Stolz, 2009), Fex OWFFEZ —T7 1%, UT26 #RITINA T, y-HCH /0 fiF&, LIS Sphingomonas sp.
MM-1 £k, Sphingobium sp.MI1205 ¥k, Sphingobium sp. TKS #4277 ) WK% 522 E LT~ (Tabataet
al,, 2016), ZALHDOIKIE, 16S IRNA B F- O LD | AUNSRHEANZ S HFEREN TO D3,
y-HCH ZfRIZBI L Cld, UT26 $KD lind 75 linE L\ HFF— OB 2R+ 5, oz &k [
FLJRO y-HCH SRR R IR E - 72D Tldze < . BEROMSHFDN TR0 y-HCH {3/
W VRERE(A T 245 L, y-HCH IR R HIT DISZIZ ) 3R L7 2 & A< g
T5, Flo, RS LUNT S, UT26 #50 y-HCH & IZIL linKLMN 73=— K9-% ABC
K Z U RR—H—HPWIETEH D (Endoetal,2007), linKLMN 7€ v 7%, #thod y-HCH RO 2
25T, y-HCH SfEREZFFZ/2NAT 4 ATy RERICBIRFSIVTIY . A7 4 2T Nl
EREa THREE L CAT 5 y-HCH B2 R - & & 2 53 Cd  (Bndo et al, 2007), 72
B, 1Y 7B SR R e R ORI SRR O iR 2 = — R lin Bfn TR L, &7
y-HCH 53 fi#kliEs Sphingobivum japonicum UT26 14 CEH S-S C y-HCH Z20fE& T 5 LB %
bV, SHIT, S L IROEIEZ T, A0 yv-HCH /& i EEh D LHEZR S D
(Fig.2) (Nagataetal,2019), LnL., ZOTTI/UITELEIZLL OikhFE->T5, ZHTh, FF
BRI 2 £ 2D, ED X DTG LTeDin 2 R LD A 1 = X LT ED X 5 72 b D7edi) 2 e
(I EEHIERE L 1Z E D X O e b D7D 2 FTo, FRROBEEH CIIo IR B CIHAE L T
WDIRIUTE A ARG S O ALEH b EE/RITT Th 5, J70bb, DML HEH L
L COHEITED L D 22 b D7D
VLEDOE SRR E 2 AFREE TR, THEOBREEIL - BEREE oD CURA PR & BRETHIES
DRI JOSKBHFRE EHERERITE ~DICH) WO EE 24817, y-HCH /& Ll 2 3720158
XL LT, BnT (77 L) - B - M - EFOR LSV DRSS TRk HhEZ 2
AR 2 & T MBS - HREE LI OARE 2 RN I L, 350 A Tlc
A OFEEREE COMERIN, 36 KO ARBHFRIE ERERERRFR IS T~ 2 7o DR AT 5 =
LR HRE LT, MRS LT,

2-2. WFZERCROME

2-2-1. FFEREDRN RIS F-OEIR L M3 E L OB T 25 e

FHEE DS N TALE O 53 TR DR DR B S T ORER & . AN EN OB R 21857
DEEREOfEINZ A & LT, y-HCH 53 L Sphingobium japonicum UT26 FROHHEREEHTD 5
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Fig. 2 Proposed model for the emergence and evolution of y-HCH-
degrading sphingomonad strains (Nagata ez al., 2019) . Ancestral
various non-y-HCH-degrading sphingomonad strains with core
functions, e.g. LinKLMN-type ABC transporter and [ -ketoadipate
pathway turned to be primitive y-HCH degraders by the acquisition of
specific /in genes using sphingomonads-specific multiple plasmids and
1S6100. The primitive y-HCH degraders were diversified by the
involvement of IS6700 and other mutations. The selective pressure
may produce the ‘evolved’ y-HCH degraders.

J DI B DT, y-HCH (G Zd 1T D8 2 g d=2 2 RN N 7 U J#58 LinA. & LinB
Za— NI TOF ¥ 7T v U oV ROMEERLEiT 5 LT, AT LRy 70 MV) g
IIEHR Y P—r3—& L TORERET 2 IREME SOV TR L7,

D> C UT26 KPS EEES =138 (Imai et al., 1989; Senoo et al., 1989) % y-HCH CTRYGYLL L= & =
A, WEVELL, A7) 5D y-HCH 3 FBEE s - OFIE DB TN L7, y-HCH 43 f#HiEE
FEDMEIM U7z LB 2 DT, ARBTG5 y-HCH Zfiliik 2 Bl U7, BBk IR



Th D TAIS R, UT26 Bk &7/ DOFHAFHIIE T o703, lin 5 TEEORRL & a0 2
725CW- (Katoetal,2022) (Fig.3), FHZ. lin s TREOEALE linB i -2 ©—3 DN &
WD BRI VOMBIER S HL. y-HCH 0 fFFEREIC RS % UT26 FRE OV N PRSI, £ 2T A%k
O y-HCH SfRea it L= & 2 A, ABRIE UT26 BRICHT dead-end BEMIDOEFEE)VI72L | y-
HCH O3 37 o AR5  UT26 BRIZ ATV T do 5 RIREMEA VI S 4172 (Kato et al., 2022)
VLB, SRR T, y-HCH 20fifREIC RS9 2 7 W T T 5 Z L AR LT,

v-HCH degraders

Experimental field
156100 \
186100
1S6100, 136100 linKLMN pC"Ql Skl
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UT26 finC, 186100 pUTI
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y_ H H \ssmo
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Fig. 3 Genome evolution related to the y-HCH metabolic function in
the soil microbial population (Kato et al., 2022) . y-HCH-degrading
strain, Sphingobium sp. TA15, was newly isolated from an
experimental field soil from which the archetypal y-HCH-degrading
strain, S. japonicum UT26, was isolated previously. Comparison of the
complete genome sequences of these 2 strains revealed that TA15
shares the same basic genome backbone with UT26, but also has the
variable regions that are presumed to have changed either from UT26
or from a putative common ancestor. Organization and localization of
lin genes of TA15 were different from those of UT26. It was inferred
that transposition of IS6700 had played a crucial role in these genome
rearrangements. The accumulation of toxic dead-end products in TA15
was lower than in UT26, suggesting that TA15 utilizes y-HCH more
effectively than UT26. These results suggested that genome evolution
related to the y-HCH metabolic function in the soil microbial
population is ongoing.



—J3. RERD y-HCH 53l Tl fRIREG92 lin BinFREDS T/ DHITBAE L, B E
% 1S6100 SFDFZE CIRICHINIANLE Th D LW O N5 (Tabataeral.,2016), £ 2T, UT26 £
T DHINTHBAET D lind D0 linF 5152 7 A% —{ LT IS6100 ZFfl-7a  Mlo A7 ¢ 2=
Ty FRITEAT 5 Z &C, A THYZ2 y-HCH Sl A48 Uic, 1ERL 7 N TR, 6
72y-HCH &{hEZ 7R L, dead-end FEMIDEREEN RIMEL D Dot DbH Y . Sk, KERIZIE
TEELRWEBHIR A 2 SEH70 L, AR RO A ITUZ LT, K SREAO N TR
TERSHIF CE D, SHIT, WO ATHRE T lind & linB DX % 7F v U o THRAREEEL, Zhb
DS, Makilfs PRI L Vy-HCH BiLREZRE 5 Z & AMER LT,

B THIAHESR T D70 & UYL U7 REMRERD lind & linB DX % 7T+ ) o 7kkE. FioA
THRIEROF ¥ 7F % U v Tk S FEREGRE L IRE L. Skl s T ORG24 7208, MmN TH
HIDEALFBUFHRIAF O8> T, AFETIELLTZREHFR T, S BICTERET O LB DD, L
ML, AFETOAY V—="7 DisfeC, WfE72y-HCH ELAEZ RS2V NC B3 53, y-HCH 5%
W ETOTIRNE 7 VT = o U TR DR TR AR EL, A2 ) —=0T %
BRE LTz, ZOXR 7% A REHRT 272018, ¥v T F ¥ U o THROUBEZED, S HR500HR
DEBEPLEND,

AWFETI, T, BT NRRIFHRD U P —rS—) X UKFEsREDO~7 2 —] L UTHRES 2 2
EDVNERSIUTUWND MV (235 H L= (Toyofuku ef al., 2019; Guerrero-Mandujano ef al., 2017), £3, -
HCH 73 UT26 BEAS MV ZpEAET 5 Z L 26N Lis, 7o, y-HCH Bt ABC R
Y ATR—2—LinKLMN AR CIE, BFAERK D 280 MV ZpEH LT, S 612, UT26 o
MV |Z1E DNase (& L 203252 IC < W lind BIS TG END Z L AR L (Fig 4). MV DNE(BIEH
U= 3—L& UTHRES 2 wIREME 2R LT, A%, UT26 BRANET 25 MV ITAFET DIE(aF#3,
KBRS IAF AV THRET 275, Bt 2803 5,

2-2-2. Jiia s EEROSREE L

i e 7 BERIE, R N e T SRMEE D ROBE L TR DR TH Y . Al a7 R B
BRBHEYSE S TERIPENI . B EWE I N—TDOESTHD Z L b, ISHRIEUED
OIRD THEE/HRTH D (Fetzner, 1998), £/, Bra R NTHNZARLS NI N 7 ALEW)MT
TET D2 emb, ZNOITEET 2 v 7353 Dl a7 RERIE, BERORIRH b, HE-HRere
BARSGRDAIZEC &1l LT-WFFEp R Cdh D (Nagataeral,, 2016) , ARFZETIL, i/~ 7 R OREREE( L
(BT 2RAATFD 2 &2 AL LT, y-HCH fREFRIZEIGT Dl a7 R D 5 B, JEURERD
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Fig. 4 Membrane vesicle (MV) produced by UT26 has potential as
genetic information reservoir. Effect of DNase treatment on abundance
of lin4 gene in genomic DNA solution (a) and in membrane vesicle
fraction (b) was analyzed by qPCR.

BTV RN =— 7 7t KSR LinA - (Imai ef al., 1991; Nagata et al., 1993; Nagata et al., 2016)
& L ORISR SIVTIS Y | HEE-HEREFHBIORIIE M L 72 HLD O—E Té 2% LinB (Nagata
et al.,, 1993; Nagata et al., 1997; Nagata et al., 2015; Nagata et al., 2016) |24 BT 21T -7-,

y-HCH AREHZBI % LinB 1%, M A< A L, FHERERMAAS | TEHERIEDZE L L0 & D
Fi¥A495 HLD O—ETd 25 Moriuchi etal,,2014) 73, BEFIOOy-HCH 53R CRIF & T % HLD
X LinB OATh 5, AWFFETIE, y-HCH S UT26 £LO linB 1&{n %At HLD &5\ HLD
IRE TV Bn A B LR AR L, LinB LISMO HLD $y-HCH RGBS LIS Z & 2R L,



S 512, HLD Oy-HCH {REFEREIZRE T2 S8t LR 2855 L (Fig. 5). FHZ. error-prone PCR 12XV
IERAENS D invitro T LIBRHRITIBN T, FFHT, dead-end PEMZEFE LI W &V Hy-HCH 1R
(U DREREDNI B LT £ B 2 DD BIRER OBUHIEEN L=, LLE, invivo TOEBZFEIELE
LIeA D V== 7 % O DA RITBAATERE L. y-HCH B34 2% HLD O kasfzo
—IEBEET D Z ENTE LR LT, A, 15OV RIREERD & 0 SEIZL#TC. LinB Ao
TEMEDSEL 7257 X AR ORREIR SR T & 5,

In vivo evolution

linB-replacement strain Evolved gene
(A y-HCH)

Mutation
(Usage of hyper-mutator strain)
» »
> - >
I:> Incubation on y-HCH plate Selection
on y-HCH plate (O y-HCH)
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—
TN -
m > > (m’ — m)
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Q hid-mutant library v
in UTDB2 Evolved gene
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" InE. coli
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N e

Fig. 5 Strategy for experimental evolution of haloalkane dehalogenase
(HLD) and its related proteins toward y-HCH utilization.

RV Ee”7 ==L (PCB) /biphenyl 73 Acidovorax sp. KKS102 £ (Kimbaraetal., 1989) 1%,
Betaproteobacteria \ZJE L, 27/ MBI HIRE ST (Ohtsubo et al., 2012) , KKS102 #RDT*/ L
(2. N AR Escherichia coli K12 #£0> tRNAadenosine deaminase  (TadA) (Wolferal,2012) &5 7%
FRFIEZ 73 CDA fEiEk, C A HLD &S FHRME A RIS & v 87 Bk a— N9 Dil{n 1% R
L. dahX L UCTHNTAAT o7, 8IS TABRROMNT G, AR CDA SEIIE, 1@ OBz
WIETIER S, BETHD Z EDB LN~ T, AESED HLD fEI Y, Frar0OEER =695
HLD %127~ L7z, F72. CDA fEIIE tRNA-specific deaminase 1i5PE% 7~ L, HLD e 252 &
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35 L OVHLD 73 tRNA-specific deaminase {HPEIC A LT L CD ENBSH7- (Fig.6), LIk,
W OHFEC $ EEL72 tRNA-specific deaminase PE 4 H 9 AR L G U CHAET 284172 HLD 2%
RLT,

DahX

DahX(1-168) \,‘ N RAS /\\ Naun ‘y\/‘ \)(

DahX(E57A)

DahX(D288A)

Fig. 6 tRNA-editing activity of DahX and its derivatives.

tRNAAre A;,CG was incubated with purified DahX and its derivatives,
and the change of A4 to I was detected by Sanger sequencing. Note
that [ is sequenced as G in this system. Concentration of proteins and
ratio of the editing (%) are shown at the top of each wave form data.

SOOI EERL LT, 2— NI 28I & L TCha=—2 ik T 5 LinA 73, y-HCH
BREE /20 Cla | EERBREEH Y Cdo H N T3 Hu4| DDT % DDE (2 D1 A5 2
EERABNI LIz, J7abb, NTAUFEWE DRI % 2 =—2 730~ 7 BESR ORI E
RE &R Uiz, LLE, ABFRIZE T, i ~m 2 A RESROIERE ) D & EHEREBR DSk & L C
DERMEAARRT D Z &N TET,

2:2-3. MEEOBREDEIL - ¥ BE§ HHutpkAE
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FEEOBREEEIS - BT DA C BRI 2 A 155 Z L 2 A& LT, y-HCH S fiE& i
Sphingobium japonicum UT26 $RO5 @R LISNOy-HCH & WIZ V2R CTdh %D ABC F 7
AIRN—4 —LinKLMN & | ARROIBSARERE COHBREZRI DU T 21T - 72,

UT26 #£0> LinKLMN (Z B892 LARGOMISE T, HHIMMER R - TR a2 i LTSV &
Tz (Endoeral ,2007) 728, ABFIETIE, SRLHEINODAZ ~—T— L A THERR K LIZ linKLMN
EBHR AT AAERL L, 7R U TABR 7' A X REFFORMIkE & ot Tl 1T o7, &
OFER, R CIE, () 2T BRaME—BSRIRE LIBEOATREN ERT5 2 0 (i) Hilagesio
B IABEED ERT 52 &, Gi) BAEKICHARTEZEO MV AT L2 L, BLNIRoT, S
512, LinKLMN 55 OBEEZ HIET DK T- &5 % HILD LinM & LinN ORI 2 506 L, Gv)
RIGECHEHL + FERL L 72 LinM (2 U UIREDES L Q0D LSz, L EORESYE, LinKLMN (%
Ry OS2 AT L CHISMIEOD integrity | ZB5-32 &\ S G A 3k F9 %, —5, LinM & LinN

Fig. 7 Multimer structure of LinN, a component of LinKLMN ABC
transporter system. Purified His-LinN expressed in E. coli was
analyzed by TEM (a), and 3D structure model of His-LinN was
constructed by using single molecules observed by TEM analysis (b).



WDENENEERZTORR L. BV ASET % rlRetE 2 g3 DRI D E 07 /L A s b
~ 8T T 4N L DR, FRT LinN IOV TR, SRz, 8 BIMEETH D
ZEMTEM T L 0 <N sz (Fig7), ZHHOREHT, LinM & LinN OZEB{ROPNHDT
Y L RIVERERE ) SEET 5 &9 LinKLMN OFAEET/UX (Fig. 1) &FE L7V,

UT26 #RI& Alphaproteobacteria | Z @3 2TERFASHIE CTH Y . ABITAMRERAZVE L L, AR
ZVRIN U W RS CIIAEE L7V S, AR T L — L7 b Ra i h—E% a— K45 adhX &
(BT OEFEE CHRERIFFEASIMO MRS H T CO AN T 2818 (HYGO I ZRHL
7z (Fig.8) (Inabaeral.,2020), ABIGUL, A< BREGHIEEME S 28808 CTh 2 rIREMD VR S 4L, T,
UT26 BRIFANZFSHIEED CO, FIEMS ORI R 7 REn /1A LT 5T, HYGO FHATE
UNTHETHILD CO, [EIERIEHDWERE L CUWD ATREME S E 2 DivTod, Bl A7, R, L0E
EILENT FTREZR qTn-Seq 154 BA%E L. HYGO REVIU B 5958 s F OREIRE 21T -7, €

Oligotrophic condition

am ) @ No growth

adhX expression
Organic ‘
carbon
sources

Fig. 8 CO,-dependent high-yield growth under oligotrophic conditions
(HYGO) phenotype of Sphingobium japonicum UT26 (Inaba et al.,
2020) . A heterotrophic bacterium strain UT26 can grow under
oligotrophic conditions by expression of the adhX gene encoding
alcohol dehydrogenase.
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DOfER, HYGO FREFIWRIZ, (EFGREREE N T2 ) A5 S/ UIERIE C CO, DRt A4z >, BEEHIT
RIRE CHEES 24 /) —/VE2FRHEE L UCHIH L THIEL TO D afREME VRIS, 41,
HYGO FKEVRID I 0 FEM7 B A S iU, 2 < OBRBGIEN A 2 #il - HIEEREE CTD COo,
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Fig. 9 Coexistence of nonfluorescent and fluorescent cells in evolving
populations. (A) Five population lineages evolved on g-HCH minimal
agar plates. (B) Five population lineages evolved on glucose minimal
agar plates. Up to 5 % cells in each population can be regarded as
nonfluorescent cell due to the nature of data analysis.
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Fig. 10 Paenibacillus sp. NKL2 promoted growth of Sphingobium japonicum UT26.
Colony formation of monoculture of UT26 (A) and co-culture of UT26 and a swarming
bacterium Paenibacillus sp. NKL2 (B) on 1/3LB plate with y-HCH. Clear zone around
the large colony on the plate with cloudy color derived from y-HCH particles indicates
area where UT26 degraded y-HCH. Effect of co-culturing with NKL2 on survivability of
UT26 in y-irradiated soil (C). Monoculture of UT26 (cross) and co-culture of UT26 and
NKL2 (circle)
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