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Tau=—HRAKOBREE LA, 12.0 —0—o0
M12IFT &) e aa = —nKE 5t
HEZICTWHBEL, £0%R7HHE LI,
Ju=—-DEMRR O ol #
T, HETHHORHE b o T2EE
DEHEAE L L 7=,
Q7 x/—IEROEZRE, ¥EH . o .
RV 7Y AEORIMCET 5RE o 2 p .

7z /- VBRIV D, BiEE RETF A LB (5)
D2 E D LEFEPEEI NS BN Bi1-1 ®EJF4 LB ESEMERC
Hh. HF VKB CIHHESEL LS RETER

\0___——-——-——( )
10.0

8.

6.0

CFU/ 1g (Rl 13%)

4.0

2.0
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& OWIHICREL T =) — VIBEORE
BFPHEEINDE, FZT, 7 ) — VIR
BOF B CE L7 = ) - VIBER
UKEERHERRET 5729012, 125,250,
500, 1000mgN ZW|ET 7= / -V i &
L7 x/ - VERE#EHNTT7 /) —
VIR RE OFHEE 1T o 720 BL-3ICF DR
RERT.MHL, 72/ - VRE
1000mg/l D R K b ¢id, Hat sy
L OO o= —FREEINE Do
Telz®, TTRHERIREBLTWE W,
BEOKERAICE>TKE2Ou=-0DF%

108
g’g ,
3w f
&
=
B 1o

105 d ] L 1 1 1 A 1 L L 2

0 2 4 6 8 10 12
®ERH (BH)

H1-2 HEEAEIESHEEIHCRZTESE

BYIC 72— VORBEYWLFALTHBLA-LEDLDNIZEEOYFS A taa=—3F
HWIRL, #2C, HIBEHKO—HE, BE., 72/ - VEXREH~NVTYAL, £2T

WLV EO 72 ) —VMREB L L

TE+ONRELRDI- LA, HI4IRTHERE

PROLNI, CRED, BEEUART, 07/ - VHBREBPY T I/ b aun=—0
BB & D&k 025~40%E TRT T 52 LAtbh ol 3, HERAMIEVHETH
BFIA a0 —OFHRERTES, VLTV 2TbRTRITERED 72/ - V58E
BEHE T LB LY LHBT L7z, M40 > T3 2= —5HE{EEE

EL. BED7x ) — VoBEBRTEH L
b DVHIS5THE, VI HICLYEIE
MR EDT =/ -V RBEOE K
k. THE B OB r 2 ) A% ko
727z, LY HEICCTH BICRHEEAT
AT = ) — VAR EEHIIZIERCEH
TE B LEZLND,

% 72, 250, 500mgD 7 = ) —VERE
WICHR L -EE O EIMRIEBEWICX
=B LTBY, 125mgndb DL hiD
RueBHIEIL, LBPICET7 ) - Vig
BEH125~250mg1D B 5 —FRE T, &t
HOBRBEEORL 22O T = ) — Vi

(X105
20.0

| O phenol 125 mg/t
A phenol 250 mg/t
3 phenol 500 mg/t

CFU/ 1g ({181 1%)
5 8
o (<o
|

e
=)
T

4.0

U T TR S S |

0 2 4 6 8 10 12 14
#EAH (B)

H1-3 BHEBEO7/~-NVEBICHRAL
aon=—KoEAEL
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BEOHFENTIRENS:, 22T, 21
DR, KRESHBBERRUBRESH
BHHAXEBL LT, 2hfn125mgIR U
500mgD 7 = /) — VEREBEFEHET S
kel
BV EEERMDDHL 72 - VIEHED
BT 2 RE
FRERUZFO 7 ) - VABREO
HHEZEZERLT, 72/ - VEBICER
I FZF10mgM% b &) ML %E
ML ZwWEAICOoWwT, 72—
SEEOWMBRERELRL . 72/ —
VERKED FETEBIFAOFEMICL -
TEH s oo = — T3 I2ERL 72
. RISWKRTEBYVTIIAHILE ST
HODHREErRODIEPERINLT =
J—=VAREBITIILALEDL o
20 TCT, BRBIFZADFEMC L 4
L7z - VEBREOHEBEFHAGEI I N
EIHKCRZBY, ChRBHEI X XY
FI94 rau——EHETEL, 7T
Arao=—pEEHBAL 0K, L
TYVABRIECEBEPE A ERLEZS
s,

—fiz, BRI XX EEMTA L
L) HBEOLERER:

100
Y QO phenol 125 mg/l
J 80 [ A phenol 250 mg/
3 L O phenol 500 mgA
N~ »
R 90
L 3
A -
U 40P
®e
L
ﬁ%m'
Y ISP Lea b 3 1
0 2 4 6 8 10 12 14
ERAK (H)
M1-4 HRERCEDIHEOT =/ —VHEHE
DHBOEHEAL
(X 10%)
8.0
g 60
+ s O phenol 125 mg/
= A phenot 250
) pheno; mg/l
; 4a0rF O phenol 500 mga
< \
Bl Pastifin—q
I B P B

0 2 4 6 8 12 14

¥%EAXK (H)

10

Hl1-5 ZEREO7x/—VEHICHERLL
7 x. J — ViR O IER

F£1-5 7z/-VHHBHEGHEICRIZTEET FA5RMD R

BRT B 7 ) — V3R

i wEts) R L
ST RE & 7 vEVAY Y 2  CFUNgEBZRLEE) &zl
@%%fﬁi) L 2 . B ) ﬁ%%m B HER
TRARIIEMT 5 L % 125mg - 7.8%10° (100%)
AONBH, TORER F o0 3 e
N : - 3.5X10° (100%)
‘i\ %%;;‘kﬁo)é 65} SOOIng/l 4 3'0x105 849

BEHOTFENH T Y KE
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ZHEREEDTVEZVE, HIVIEIEBRIFANSENETIREEREZ2 FOo50BED
U= —FERICRIESh o2 LERBRL TS, o T, DEBENERTIIBRI* X
DEMEfTbFsHEEfTI L E L,
@) 7 =/ — VHREE BRI RITTHARERNOBE

AEIV=—DFERICED - %1-6 HEWKT7 V4 ORI FRICRIZT S

7 x/) = VaBREOFEAE 5 ToFVF v
TI2FVF CFU/1g K g

LABEISNLIBEEL2ER x g AR

L. EnlE=ME 47 - 94X 106 (100%)

7 FTd 7 R100mMEAL T B L -ormremrmmmon oo oot n e e e e

. s X 7 =/ vl - 1.5X10° (100%)

YIRBMLIZGEL@®mML % (125mgA) + 1.5 X 106 101%

WHEIRDOWTCGYRRER 5. -y — 12X 106 (100%)
(500mgn) + 1.4 X108 110%

RU7 27— VERNBTH
BOEHEBEIT o 720 RIGIRTHEREDLL . FLEMERMC L o TEREER R R BLPT S
bOD, 7z - VARREDFEIZBLALEBEZT I Ll bho Tz, #o T, £
BT 2 F 0 Y OMBE~NDREBINEL, T/FIVFYOFRMTE Y h EDEB %/
XLy LS 72 /= VBB ELCEH T A e TaBEELLND,
BolH BELIEYCTIAROT /- SBRREOEHE

HMEOBREIC L D, 72/ -V 2125mg) (EBESRER) RUS00me (il SR
HWH) DRBETEUCEEO 7 =/ - VEXRE LA, THHE., 28CTHEEL, V7Y A
B LoTT7 2/ - VOSBREEDRR, BOoNAERIL > THEEREBET S L
RKED, BEO7x ) - VHREBRZERT B L L LT, SOREIERIE, FI1-1UR
TEREPSEML =TSV IVED T = ) — VRERESFML 720 % B, KRBT
HEaOZ—DHIRINF LA ERED O N Doz, HEWET 7 F VA Vi ERAL R
"otz

ELEEOLWHRY 7 = ) — VAHRER OB B2 KLTIORT o W ORI
YTIVIEBYTH, 72/ —VHREOFBREREBIIH LT ALV EvEE&2 505
ERbhot, BEESBEDEDIEEIE. EVDLDTH6%, HBWIEEICIZ20% % &
VTBY, —FH, BREESFBEICOVT 4% ~BRELET I L PRSI Nz, T/, 4
ALV TROLEBICHI107gEETERBED Y 2 /) -V BRAVPFET A L bHh
o7z PRt b, X7V EHWA 74— VFRERT, A7 Y OEAILL - T, BllFFH
DHTKRICIC~10YmID A ¥ Y ECBEIFHEBEL, TCEXRFRAHLIC L2HEL
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TWaY% A5 YEAAME %1-7 2LEP07 /) — VHREOHERER(gEEE5)
. TCESBoLEMD 1y 7V SEK ERES B RIRESRE

Bwitw, 7x/ - IVo# KH 1 94X 106 1.5X106(16)  1.2X106(13)
BHLEERBIITE W WRH 2 30107 24X105(8)  13X10°(4)
Bk 19X 107 3.1X106(16) 1.9 X105 (10)
P, ARERTHELONL T M1 19%107  3.6X105(19)  1.4X105(7)
_ HE2 24X 107 2.9X108(12) 1.8 X 105(8)
HOT =z = VERE O EE1 92X 105 1.9X106(20) 1.1X 108 (12)
EFER, AF43IaVb—-¥ HE2 31X107  3.2X10%(10) 1.9 X10°(6)
F=2/N 17X 107 1.1X106(6) 9.4 X105 (5)

a VBT LWPHFLEEL
EAE, SEBCHT 2R (%)

LT D REITEFTE  « smgio 7 =7 — Visiic BLL 2B
BELELOND, %7, ** 500mg/IN 7 = / — VEHICHBE L-E K
INLOWUPBPTRTCTCESHRER > ETRE, "M ARXTF43aVb—Yavilib
{EDTEER A B L FHITE 5,
HIE T/ -LNBROSEERTE

Tz )= VAREOHEEICHBL-au—%, T/ - VEHBTOREELCGYE
KIEHM~OBHKLE Y BT LT, a0 =—HEORLIZHD 7 =/ — VG 1EE & Bl
Lize SO X, HEREPICBW T, ld 220N % 7 = ) — VAHH
PEEWICHFATZ2DOTEERL, SHEEHLOMEATRELTWI I EERBRL TV 5,
oT, WAFVAFA = a vl - VoBEEZIERTIHAIC. BIBKFEET
LERLTREICOVT, £7, Z0HEBELHLPICLTB ILFEELEZ L
5o T, B oN/-FHROF T, 20 = —HEBORL 568k% A4, A5, A-7,B-6,M-1,
Y3kEmA L. ENoOBHRUCERBHWE 2 A7, R1-8I2, THREKRO LB R
UBEHUE 2R T, FHERIVThG /75 2BBETAHF YV —EGEHTH o -
A, EEHERH ST - CHEOERNBEIRE 237V —THE0bDFETA TV,
%Er’éﬁlﬁﬁ]i%‘ v MAPI2ONEIZ & % RIERERD K E. A-58k2% Pseudomonas fluorescens (FE

#£1-8 SHEROEENRUERBHEE

7 A . HET—¥ FFXF—¥ OF API 7R b
BHE g I W FAN RraME
A-4 - $12~14u - + + * AETEY
A-5 - $09~124u + - + o P. fluorescens
A-7 - $1.0~124 - + + * BTy
B-6 - $09~1.14 - + + * FET&d
M-1 - 09~1.323~28 + + + 0] P. putida
Y-3 - 08~1.128~324 + + + 0] P. putida

* . Zha—-AEFBALEW, BEVIEAE
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#81.6%)  M-1, Y-3¥kA Pseudomonas putida (99.7%) & FI%E & h7:2%, thodtkit, BE
FORIZBRBTAI LN TE o1

Famh BH
TP CTCESRBRICES LBA 7 /) — VO REOFERELYHOI,ICT AT, &
& DS RIFV, ROEREET,

(1) 8By ¥ IVhoiFRERFREMAE (UT. 8B EKT) R 72/ - ViR

(2)

(3)

B EMICE T 5002 L7z, Aib, T88Y 7V I0EYS 2 aj s
24T o728, SmgAd b )R BEEA ) Y A BRERPICRE (50818 E £ /450ml)
L. ®EIFAF—0#E (10,000rpm, 20min) L7z dDEHML., EHEOFEH
ICCGYERKH~, 72, KBE7 /) - VORERVEIEE 7= ) — VHER
DEHAIZ125mgN R U500mg/1 D 7 =/ — VEERRIE ER I~ %K L, 28C, 7HH
BELTHBELULEEZEHET %, B, 7=/ - VOBHOE TR, 754
o= -HBRICLAEZEEER L, HBEEKRO—HE 7 2 ) - VEBERERE
ALY HL, BT 2 ) = VHREOLELERD T, RICRO-HEELHIET
%,

(1) DFERHEST, ZEHOHFTL VWML ALBEBY I VvhDT =) — VG
BEZIHBLLLEZA, WFhoY A uhicd, 105/1gEiEtEEED 7=
)= VAR EOHEENHEO N L ko, T, EEBICH LT, KEBEET7 /-
TIRRA6~20% FHRE 7 =/ — VBRIP4~ 13%E D2 ) BOERTHEETS
CEMHLNE LR o7,

HRALEPS 72 ) —VGBEOEELRAI LA, au=—REORLLE5E
DHBEIBONT, ThHD ) bRDEBMR UTRENME 7. HARN K
BORRZ35 4 7P LOGBEOFELRD 72, BiZ, APR2ONEK &£ 5 5 FE
AERIT X Y| 18k % Pseudomonas fluorescens, 24k % Pseudomonas putidak [R5 L 72,

-15-



H2E BB/ -NVASRBEICELBTCENRE

B HE

BET, —ROTEREPIEL D7 = /) —VHRESFETDI L2 HLPIT LT,
T2/ —VSREPTCEXGHTAI LR, ChITOMRLIVHEALIPIZINTES
P, TEPKEETE2TRTOT7 2 ) - VIRBEP OB EFOPEH»BIFRHTH 5,
BIZE, A7 ELBEROBE, TRBA I VEIAF VT —E2E T HHERDOANT
CESMEMET 2720, TCESREEZRHLLZVAY VEILUEOTFE AL L E 5
TWaY,
TEPCFETLERBGDT = /) - VHREFEWTCESGHRER > LTI, 5
WO BEDOEREFETINAAATAI2 b=V aVIENWDTCEDNAF L AT 4
I—a yHFTRICEEN, =, 72/ =V REOZL —HMOANTCEZSMETE
20THNiE, TCEFHREORVEEHMINAA A —FarrT—Ya refrbhidi
L, Bt FEPICELETSZ 72 ) —VABEOTCESBEICL > TUAFT 4 T—
VaVVATFAERFEOSITELEND D,

ZIT, RECTI, TEEISHHINAZE 72 ) - VHREOTC ESHREEHS
DT 2HHT, MEOGHREETD, RO T =) —VGREAZHVTENLDOTCE
SRR R SEEL. o7 2/ —VREBEE DB XA LT,

R ERMERUAEL

F1R EBMH

(1) Bt E

F-URTURD 7 = ) - VGHREEERICEA L, K210 L2 6 8%kiE, REEK
FLEFRRETFRREEHRLENRER CIEB TERZET 2 ALE RRE TSR
ZFEORFHEKTH Y, THROARIIATRTHZICTBL-EHETH 5, PpGl10641E5 5
PRT D 5295, BHERK UF AHARIZ KERAF O T KRB IGRR OWEMEH RS 65, 7=, 520 130
KILR 0 FALEEROFERFRILSHELAKTH DY, wiFhb 72/ - VAR
35, BIOBEL 7265RDFERE EDIC, REFROEBWRUTREIHE L —EL T
F22UIR L2 CRODEMKIZ, 72/ —VEREH (F1-3) THEL, LEELT
7x/)— VA A LB (R1-4) THMEIE, ERICM L,

2R XBRAZE
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£2-1 #HRALLEHE 7= /- VSRE

Btk EER SEECERL - XER
Acinetobacter calcoaceticus AH 165 R yEWES BA o2
Pseudomonas putida BH SR 7x/)—N Bk o2
Pseudomonas putida PpG1064 V| >y Dunn etald)
Acinetobacter sp. YAD EHEETR F=1)v EHod
Acinetobacter sp. YAF TR 7=y EHY
Alcaligenes sp. YAJ MG T=9¥ EH 5D
Rhodococcus sp. PN1 EHIETR p-=htO7x/—-V kBE
Strain WP1 EHEE TR yEWED RREE
Strain A-4 FRAk 3% Tx/)—=N ABFF
Pseudomonas fluorescens A-5 Ey > Nt ] Jx/—N . ¥ i S
Strain A-7 FEAR B Jx/)— N p. ¥ 5
Strain B-6 i PEWALS 4 . N A
Pseudomonas putida M-1 it 7x/)—l . NG S
Pseudomonas putida Y-3 [l Tx)—N . ¥ 5 XA

F2—-2 BHE7 /- VHREOEBHRUERBNEE

75 A , . h¥5—¥ FFY¥—¥ OF
. PR kel 1 B FAb
AH - 0.7~0.9/2.2~3.0 - + - o}
BH = — 0.9~1.0/2.4~3.0u + + + 0
PpG1064 — 0.8~0.9/2.4~32 + + + s
YAD - 09~1.1/1.4~2.2 4 - + - o
YAF - 09~1.1/1.5~24y - + - 0
YAJ — 1.1~12/2.2~25u — + + o}
PN1 + 0.8~1.1/4.0~11 —_ + - *
WP1 + $0.7~13 4 - + - O
A-4 - $12~14pu - + + *
A-5 - $09~124 + - + o
A-7 - $1.0~124 - + + %
B-6 - $09~1.1y - + + *
M-1 - 09~1.323~2.8u + + + (o}
Y-3 - 0.8~1.12.8~32y + + + o)

* (. AEL LRI Va—-ZX 2R HET

(1) T C ESRRER

SmIOLEEH ICHbk 2 —HEFEME L. 30C. —BEFERBERE o2, Z ORI
ERAE, 7x /- (500mg/1) FEHIT1%HEHE L T30C, 160rpm T HERIREEE LTV,
BRE ' 0Daw=0.6~0.7 & 7 o 731 ¥3E 5 EI A L B O Wk % E 058 (10,000X g,
10min, 4C) < & 0 48 L. SOmMBSERH V) v MBI (pHT.5) THEEE. FSEIC
ODsw=2.0& %5 & HITBE L 720 120mIBDA 7 VIRIC20mIOMBBRE R * Ah, Kig
BEimgk 25X IXTCEEZEMATTF 7u vy 54 F—fFETARRUT VI F ¥ v S
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#2—-3 Hrruxbrs 744 #2—4 BEEHEGru~ b IE&H

k5 BHGC-14A Ko CCPE(E Y — )
AT A HIRXHT A 2rbu—-5— PX-8010CK v — &)
(¢ 3mmX3.1m) A7 A TSK gel ODS-80TM
T siticon DC-550 ( ¢ 4.6mm X 150mm)
(HAHIR BE20%) Ey-3)
60/80 mesh W H20 : Acetonitrile = 1:1
75 NRE 100TC R Iml/min
AvVz75—BE 20T B FH TR
Rit23RE 250C UV-8000
K ECD BiER 270nm
FyVT—HR N2 (99.999%)
wmaE 50ml/min

EHEBHLT, 25CIRTREBL 245 TCEDHEREETT> 720 TC EiX200mg/1& %
BEJWIAZ ) =WVIZEPL, ThENLTVRISEMLZ, 72, TC EDOSHTiE~Y
FAR=ZREEHV, K2I3OKHGTECDZEM LT A0 bTF 71284757,
HL, 2, TCEBFERTCEWIRTHEMPIHFETLIELTEL.,
(2) 7 = / — VI RRER

TCESRRAERL AR ISR L EEMAk L, 72/ —) (400mgl) 55 #1Z ODeo=
05L%5 &5 WBE L., FHRERITM L7z, 30C. 160pm THERRERREE 2TV, B
BB 2 ImERIL L, RIBICRIE 2 E 1§55 7-D60%HER % W& 2 72 L0

(25,000X g, 10min, i) XL V1B EEDT7 2/ - VIEFE 2 R2- 4D TEEBE

O F 5 7I2EDPEL.
Q) HEERE 0 HE

7z ) — VERRREO X U DI RET L ImIEREL L . O BE (25,000 X g, 10min,
FR) X DEWEHE, SOmMBEERS U o AREE (pH7.5) WX DEEHRL T, RiBE2%
(WV)DSDSIEH I IRE LTz COMBBEE 2B HE0E (POWER:H, LEVEL:S, RHE
B S, BEEMBREEEE EBiorupter) L 72K, BB ICTHRIR (100C,2min) LT
BWHLHE L, 008 (25000X g 10min, ZBif) & ) RHEWEBRWR, EEOEBE
BEXEY VI VBRIV EEL:, BEROEEREIE, FOBE7NVTIVER

W7z,

3t EBRBRUCICER
F1E BRI/ —-IABRAICELDTCENEE

WHERECBOTEMNC 7/ —VEHBL 2EHE2HY, TCEMERBRE T o708
R A7z - VOREOT C ESMREGH, 3574 TS ETELILNFbdoT,
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TCERE (mg/)
o
P

TCE®E (mg/1)

o
Y

0.0 | A
(] 5 10 15 20 25 o 5 10 15 20 25

B¢ M (B¢H) BFOE (M)
M2—-1 #4710OBKCEATCESE () H2-2 #A4710HEKRICLB2TCESR )

Y4 713TCEREMETL TS TCESMEMENHHEL., 2£% T CEDBREIST
bih7zb D, ¥4 723 TCESMERER>bO0, FREUIECHRET. BPT
TEPEILEL- D, 9473 3E{ TCEFRERHDORONE P72 DTH S,

YA T 1OEKRCELAST CEGHIE, KR-IRUR22CRTEBY, TRTOEKTRA
B> L RBICTC EDSHBIEAR, 4RFBRICIIIZIIIZECImgIO T CEWFHEEL
2o SOTNV—=TITEHERFEINTH ), RBHROBERICH-2HHEMMRBEDOTC
E4RZEBRETEIRNZETALAI LYo, —F, 74 72 DBEKRIC L B25BR
BT, B3R T EBYVSBODHEREFERICL o THE YV RL2oTB Y, T/,
BEHLETCEDBRERILOVWTH55%~
0% L ENBDOLNT, TOTIV—TDH
BRiZownwTik, S ABRERNZ2EE L 0.8

THbEELTCEFBIELE » o7, =

y4730i, p=tuzzs—nsimE E°°f

PNIBRDEIN, 7=/ — VIR EAT E 0.4

5600, B4R TEBY, HE—TC §

E%METELdoT, 0.2
y4720WhHTCERERsw [, o0

TERW, HB5VRIAL TIDEKENT 0 5 10 15 20 25

O (W)

CE22<{0BTEL2VwHBLLT. ()
M2-3 #47208#kictsTCEME

TCEHHH»A2WETCEIRF Y P
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N TCERFEWOHEWIH <. HERIE

LW\Q_______O
SHTholZ b, Q) 7x /) —ViHEEE A »
ROREUFEL, FHHTERELES os8f
L. QO)BEOTCERH T EMMzE 5 |
. ) E 06 O PN1
ol WEBEROFTEFEIRE 5 |
T REBROLKMET I 0B 2SR X ﬁoA-
Nhdoro b, ) BEECKELEE ;
0.2
RoBBEOMET, WECERED T [
CEXWYAT ol t, %fﬂ’:ﬁ 0.0 P P B DR
0 5 10 15 20 25
Fohd, B (B RE)

Wackett 5°%Fox 5"z, TCE O HW B2-4 54730EKiLS5TCERR
PR EESRT AL, EHERT S
EEEBHL TS, I, A VE)FTFTVHF—ETR, TCED2007 — ¥ F—/8—
TEEBEFRBE T2 LFREIRTWEY, SZ TR, flziE, 4 72 BT 5AH
Wiz, 74 71 REBTA2Z L 0B/ EAEDONYTC ESMEELHEDITL b b,
BRBIIEEZ TCENBRERRBEL 2 h o2 db, HEHKDI 72/ —VHREED
KENETTHELONS, BHMOTCESHEELZTIR, T2 TCERBWICERMEZFHO D
DEFHMENTWEWY, MNVIVGRBRECEE. PVILVYE XXV -EDFHF MV
IUTVFFVFF—EL DO BB LBFE O LFRROENTB 2, BEFEIC L - THEHH
B WVRLR2L)THD,

BEDLZAH, ChLDEFHDENDERZEETE RN, BEORERIZLLAA
N &, BEOBMNE., FELHORENSE, BREFRUZORHAOMETIIZwh L
EZTBY, Z20OBPCR S L2 2RFAVLETH S,

2l TCENMREME 7/ —IAREHORE

Ric, ShLOBHIEBWT 7=/ — V5B E T CESROBMEEEL M50
. HEKO 7 =/ - VRIERE TCEFREROBRERD LS, 250 L)
Wi o fo MAREMW. SRRABRICBI2EXE0NPRIEEZHERBAETRLT
RKOIbDTHE, COFKRLY, TCEDBEWLIF 2o PNItkERE, WEE
OB ERORICRH2BEEOHBEREDZ L dbhol, COFRIX, BT
= VAREEERTIEBICOWTIR, "M FAF432b—-va L DHBEHETC
EREPFTEAILERRL TS, L2LEORE, 7 x /- VoBEEIZIZE



CERICBWT S, TC ESMRIEHIC (X10°8)

12.0 =

o223 BR o5 2 (Bl - OAS
¥, A. calcoaceticusAHFK & A-5%& T 100 - YAD
Kb ppbb Y, TCESMERE HE | KT

o U
MPLoEFBOLNE) . 8 SE | g

E - P
DERTIR, Tz — VaEER: 55 40 - OPpaioes

~e i Ov3
TC ESREHESsIh W Re5 2 L 2 20
SHL D E % o 120 ol—. & .
TCEAMOE—R7 7THS ° L kmee (xieh

TCEXHRXFY FOEEK (HH ( x mol /min/mg-protein)

2) 2T 272 -V REeE B2-5 7=/ MIESRERETCERSHEED WK
BEKRR 7 2 ) — W CHEEIT o 70
(77— NVeFox>5—¥) |2

DVTIE, ThETALRLLLT I VEEFIOHRAEGD LIS TOb0dEmE SN
TWb e REABBEMORLL 7)) -V BREPEHEE TSI LT XUARD
TrrEZLOND, HRE/RDDI BES TCESBEURY 7 =/ — VG REROE» -
:BHARIZCOWT, R T2L5 1072 —VHREEFOI/IO—= v FIZHKIIL, <V
FaAavE-—FV DT/ -V FOFYI—ExEHEOILEHLIMILTVS (54
) D, Ladb, Ay4 7072/ - e Fuxds - ¥REFIEREMTHEINT
WBZERLY, BWTCESRIEREZAT A7 2/ — VAREF VLA AL
TVRATIEUEIE V. oT, ZLDHERFA P TT2) —NVICEBNRMFRAT 43 2
L= a YOWEREIBN LIHEINS,

Riz. TCESREHEBRIEWHMROBROTE L 720, #REKICOVT 72/ —
VEBBPOEFRILEHO BT ERAR (F2-5) . BILERRIE, ImMOEE 280
EREERE L COWMME, BEES IRV ETOMBELEL TTo1, TOK
IEURBROZERTIE, BWTCESMEELE T HHk (BHEK, YADERS) 3. LEH I L
V- VEELTAERAFRO b0, —H, BIBRLATNFIVR—F L DT ) )V
EFOF S5 —¥2ATAMER, 72/ —VERZICI LY —VERIFICDBTESL T
£, BiZ, TCESMEHR R OFEHRILAYTHBEL LTIV IV SREYRA Y T
RENRY EVGREPPHO T WA I ERD, 2 VY=, PV Y, AV TBEV
RVEBVDEIERVEVRETNVENMELETI2EEFRILADIIH L THER 2RO 4
¥y -z, TCEXHTAHHREISWI LRI NE D, COMERSERD
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£2-5 BHET =/ - VFBEOHFEREWEILYE

- p-
E&\M TEVY BRER Luyog puyen puyen TITVE DT i Zu ;g“*:’
HFR
AH -_ <+ — — — + —_ -+
BH + + + + + - - +
PpG1064 —_— <+ —_ —_ —_— + — —_
YAD + + + + + + - +
YAF + + - - - + - +
YAl + o+ - - - + - +
PNI —_ + - - - - + +
WP1 —_ <+ —_ —_ — —_ — +
A4 — + - — + + - +
A5 - + - - + + - +
AT - + - - + + - +
B-6 - + - - + + - +
M-1 —_ -+ — —_— —_ — —_ +
Y-3 — -+ -_ —_ — — —_ -+
REBRETH 5,

$E3" HWVEMEICE B T C EAREEM

YAT2CRBTHHEMEND ) BT CE OREBRERDE L o 72P. putida BHYR & . B
EXEDOHF D E L 2D oA calcoaceticus AHVE B UF ¥ 4 7" 1 I[ZJ8 § 5 Acinetobactersp.
YAD#RZFE R E LT, #iM L TC EGBEHDAMRIIOVWTHN A, BR-6iE. 7 =
J = WEEHZ T, ODwod #0510 % o 7elE sl (BRI PR | #0.7127% o 72Re sl (W%
WREBE) . ZLTHMEMMEL L L BbhEE (EEH) oWfrAVT, £40T

CEAMOMPEREELBLES OTH (X109
ho CORRLD, HETHE T2/ — |
»ﬁ%ﬂ*#%&<&6%ﬁ%t£wf.-Amm 21?

DMRIEUNE AR LT WA LR mfz 8.0'_ 0 BH

AR T < % B RATAET B & §§ |
aﬁ%e#aaothAﬁﬁoxamg.ﬁgsﬂj

HBRE P RA L 73 e i it v 28 4of

PAET T 24T, 2OTCERRE = , |

WEFIRT 572 D OB EHORENE -

BTHVEFL b NG, BHETY, % - = .
HOWA > TT C E MBI AT 5% 58 &

T AEMARD b 7, AHKRICH N
5L EDETIRAPEC, BHROTCE

H2—-6 HMMHAIXTCESRBICRIZTEE
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SRR T S €D & BAHKRIKEREKBHER L W2 5. —H. YADEKRTIX, £HE
AHBLT2L TCESMEEMETEY., GLABKTAEMIIH > 72, ThIZ, &
BBEOFENEHMBHELTVI 200, b LAREEIN-FHBBEZOEQLLTO
REUIMBOBRO D DICHRTE VD LEL LN,

YADBR®D & 5 W RERFERRICHF S L sE /KT, TCEDNA AL AFI -
I VNOIFRHICEICES L E26N0SE, TCESBIEHENTVH 5 W IXTHEHEIFrEE L I <
WHRPSEL T 2% A4 P Tk, BHERRYADIRD & ) 2BBRONA A4 —Faxr v 57—
3 VIEBEATHFEEINS, Fhi, BhBMEETIEEKOSHE & BEISROBE

EEx L9,

BaE ER

IEIDO T ) - VR EAOT CENMREMM T4 72012, BIETHTHLAT =
VR EEEG4RD 7 2 ) -V REO T CESHRRE Y 7 = / — VA REEIC DO W
TR 2TV, XD &) hERE2EL,

(1) A7 =/ - VOREO T C ESMEE, M LAHEENTES 55 3205
A 7D TE, BB, TCERXREKBRELRIV—-TF (#471) . TCE
SREESFERE T, TCEFRERE SN d ot/ V=7 (§472) . TC
E2E{HHRTELVWIN—-T (5§ 473) TH5, fiABEHDI B, #4473 D
1REBRE, ETTCESHER2H-THE Y, BEHZ 5D 584%ETCE #5542
KBRELEIATICBTAEKRTH o7

(2) HABRICOWTTCESRIEN L 7 =/ — VRIEROBBERFT LI 5,
MEDERICIE, HE2EFENEDHBABRBRIRD SN,

(3) 7=/ -V RREOBIHERHPTCESMIRIZTHELRAR LA, EFHICE
D, ZEOWEEE LBIC, Wi TCESMEMEEE ) Bitk. £ EUESBRAIL %R
WER, H50iE, ZOPHEMNLERITFEET S EFHLPE R o7z,



33&FE Pseudomonas putida BHIkNDFEEELEMHNBR ET C ENBEEY

FE1E S

Pseudomonas putida BHERIZ, 1546 1T & ) KERO T AL MG OIEMEHFTR 2 MEWRE &L
LT, ERERICIVBONET7 2 ) - VHBREO—BKRTH Y, BIET, ft7 =/ —
VHBREOPTCHOEWTCESBRERT 72 ) - VR ER T A LEHLRIC L,
BWTCESBEELRTEHKRIEZ, NMAF—Fa X V57— a VOFNBEHKRTH Y.,
NAFA—FaRAv7F—Yar~OFBRICEE>T, Z0OHEME L TCEHEEEZHL
PILTBLLEND S,

—Fh, LB TCESHRIR, ChETHONRTWEEFT, 72 /=N }
VL3O AV FOENVRYEY 24-T2r007z) ¥ UEREYS, SROEFRILE
WOV THMEENTBY, P putida BHERD T C ESEREN D7 = 7 — VES D FEFlE
ILEYHRRALBRLTVATREELEINTWS, ARiHkIcOoWTIR, Zh TOFRE
ey, RVEVROX YRRBEREBEHT 2 7/ —VERBRER LAV Y ARER L&
BT 32 RAFBRIFEBROEEI AR EN TV B, MOFFHEILEW T 5B
RBEBIFEL LB o TR,

ZIT, RETI, 7. XEROTCELMHR LR BERT 28ESEFRILEMOE
1Lt L BB LA, B, UL 23 hHERE TCESROREEZED, AH
HROT CESBEHICOVWTRE 2172 72

H2E KEBMBRUAE

B118  RERMH
#£3-1 EREEBOHEEK (g1)
(1) Btk ?
' K2HPO4 1.
7 x /) — V5 % H Pseudomonas putida BHER % Fl v (NH&)2S04 10
720 MgSO04: 7TH20 02
FeCla 6H20 0.02
(2) B5 it CaCl 0.1
P. putida BHEE DEALMERERIC X, F3- 1SR E NaCl 0.1
Beiahe b ic M — R KiE & LT S EFIEL AW %5mM PH7.2

HHFIMMTHRML THEAL 2. E72, BHROMM & REEE|IIILE#® (F14) 2EHL
720 |
(3) #HE
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FEBRCAWEIERROERA L LT, 02 VY=V, m-2 V=, p-o LV -,
m7IJRBER. p-7I/RRBEFR. pe FuoF VREBEFR. m-MVAVE, p=tu
Tz )=V, p-F Ly, Ry srunzz/) =, 34VAFNT7 /)=, 24T
oa7x/) ¥ VREER, 1-F 7 FUEERR, 7 /¥ VBB B-FT7 b=, RVEL b
VLY, 7abdFF VB 7NV, 135 RVEV MY A=V ERAWS,

2l ERAZE
1) FEEICEW R AR

SmIOLEH ICHE 2 —AES FEME L. 30CTREmRERE (160rpm, 24h) % 4T\,
Bk 230508 (10,000X g, 4C, 10min) K TEURL 72, S 512, B&E%250mMY) VBEH
Uy ARREW (pH7.5) THEHR, BURRL, #80Y VERA Y 7 ABEBICRE L /-
b0 ELERBRICHV ., BRI, SEELE—REFEL L TEt 100mi O HEE
a5 3 i KRBRE L 1mAEE L. 30°C. 160pm D MEEIRE I TiT o 720 BILH:DH)
Eix, ERERH TOHIRM T TOMBOEE (ODw) THUMF L7, T/, WANE
WX BERERE IS, EAERREBIC L BERTHHREZIT 72
() BERiE O RIE

FHERICAWORBER £ HEE T 572012, Nakazawab DFPICHEL T, RV E VR
RBEBEETHEHITI—-NV2-VE X7+ —¥ (C120) RUADFI—-N23-V4AXT 5
FT—+¥ (C230) DEHEUOMEEITo 720 T\ BIFEERL LT, LERC—REEEOHE
EERE L, 30C. 160rpmT 24K, BlERiREREE LT o 720 HWV T, SmMOEZ 2 S 4L
B\ C ORI 2 1mAEE L, FARICHEE L2, RO 8 (10,000X g, 4°C, 10 min)
WX D EAZEINL, 15mo Y Y ERA Y & A BERICEE L. 0C T4 0 BBkt
(B AR BLERTEIGT2000. HREVIERER20, A) D%k, FL0H (25000X g 4T, 20
min) 247V, 2O LFEEFMEBERE L LT,

O C1207 H | MEEFAmMIIT, BELAE 2 HIBEIOmMIC 2 2 & I MAL. ZiRT305H
R L. C230fEH % AIGMLL 720 HEVv> T. 400units/mld % & 5 — YW & KR E
40units/mliC %2 5 & 5 ICHIR . ZFiR TIOSMRFEL . BEIALAE 2BRE L. RO
ERXBWTHERE OLBLHZ 57:010, COMBRBE L) VBY Y v ARER T5E
WHRR L2, £ 028mliI5SmMY 7 0 — VEHB 2 02ml2 M Z o cis,cis- & T S BOERE
% B R260nm DB LE TREFMICHIE L. HEEERAQ) L Y KRBT,

¢ X3X1000 1

Wi : - : . X - .. 30
{5 (units/mg-protein) 160 30,448 (D)
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ST, c IBHEED 15D ) OBENE, 160 cis,cis- 5 I YERImMORIE (6
Rlem) , 3 ! RIGREE (ml) , 0448  RHOHMEEZEHRE (ml) , 4 HEREEA
& (mgh) %2R7.

O C2301E 1 : MBEFEHASmUC 7 & b ¥ 20.5mIN A BEE ¢ RELE ¥, & OMEBEEBR2m]
e Y YBRA Y U A RREWR0.8ml & SmMY T I — VIEHE02mlE A, 2-k FuF v Aoy
BEI7NVFe FOEREZER37SnmDOEIGEE TRERMICHEIZE L, HiEEEZ XA Q)L
NERD72,

c X3X1000 1

R
44.1 d X1.8

HiGE (units/mg-protein) =

CIT, ¢ BWEED1GH/ ) 0MNE, 441 :2-t FOFYEREIT VT FlmM
DEKE EEElcm) , 3 | KICREE (ml) , 18 : RNOMBERE (m) , d 4
BERBELE (mgl) 2RT, |

B, BAEOERR, FOBET7TNVTI VEEERELTIEY Ly MEOTITF o 72
(3) T C E5&RER

LE % F v Ol £ <30C, 160pm THERIRERE L -HEE. 3512, FE
EEESmMTE LM ICHE L 72, 12H., R BRERFRTV. EL008

(10,000X g, 4°C, 10min) WX THAZEILL, 50mMY VB ) v ABEH (pHT.5) T
R, BUBMGZEINL, ODw=25:%2 L) BB LTCTCESRBRABKICM LS, 20
BEW20ml % 120mIF N4 TVHRICA N, AREBRE TC EWF@EEZMR T25ml& L, V)
AVIAF—FHETARRUTNVI * vy 7TERALL, SBRBRIE. N4 7 VIEE25C
DK CREEIRE (100pm) L. BEMICEMZ100 BRL T, FA2703 757
ATt L 720 B, TCEBEWIZ, 10,000mg/IONN-V XA F VKR IVAT I FEHEY) ¥
BRA )Y ABEETIO0mg/IC 2 5 &) ICHRL T, BEENA T VE~NEALK, TC
EQHRou~< Y79 790, FE2EFEEICHEL TiTo 720

3 ERRBRUVICER
18 P.putida BHkDEEIR{LEMELH

ARERTHER, 9. EFFHRAEYWOERRELSoME L TER LTV, HHEORSL
NEVHDIPEL TR, ZOREHE*EFEL (HELBE L InMISRE L CTHRR 21T
oz, FI2IRTHERE, S, AR, 72/ -V, BREFB. o, m-, p-o L=,
pE FOFVEREER m- VANV, 34-UXFNV 72—, TObIFFUBOY

-26-



BEHEOXE2EILT A LIRS #3—2 P putidaBHROFEFHFILESY O EILE

hiz, 61T, BREWIC L HH55H EH ImM  SmM £XiEH
LYEBBEL-EIA, T ooV N + +
" p-sv/— i + - +
REEMNT BHERIBO M (F3- m-2 LS — + +
2BFEE) o : m-7 3/ RBER NT. - -
PseudomonasB IR 1X, —#&RICE Pt FOs L REER + +
SR TER CEEOREFRILE m*ﬁﬂ%}p + +
. - . p-— 7 x /=) — —
MEeBET A L PBHLNTWS PN NT. _ —
woozn b ORBHEK Tk, fgs ¥ rEET/ -0 - - -
. . . 34-VAFNVT 2 ) =) + +
EHE N, ZRPOERNETHEN  24vsunyzsromm - - -
A, AFI-—MRSULH TRy TITVER - - -
. 7x/ ¥ VEERR - - -
BREOTDBABMYIC—H, £HIN  pgyrr-n NT. - -
1tk THBE~ RBRTHC  TVES NT. = =
P % N.T. —_ -_
W, KE#HKRIZ, pt FOFILEREFE sorrsrzvm . + +
BEROTO L hT ¥ vERE R TR NT. -— -

135-_"v ¥y Y- NT. — -
= C AN I 3
RTERL EAOFINIRUSS + WR, — WREY, NT.: 7 X b,

DA T a— VEHEEKICML, XK3- * EREBIIBTEREEALRL 720
HSRT 70 b AT F VR 2 FOTRMEIRR I L,
218 P.putida BH DB EEIL SRR

P. putida BHHR DS BEAL T & 2 K FHF R YHFED L) 2B L o TRB B 2%
BHOMIT57-0I1C, £F., A7 23— VORRBEETHSCI20RTC2300FEEEE 217
o7, MERIZELEDIT, BEHL2VIELORBYICL o CHEINIBETHL2D, £
OEHRE I RFEEFGORAPLETH S, 22C, AEROFERLE L LT, BEF
BE7 2/ - NVERAWT, BREHORBRICLELEERFE 2 A1, K33C£0HER
BT WTROBFIEN bR #£3—3 P.putida BHBRDC1208 U'C2307E 4 D ARER (L *

N, FhOEDRELFEL RV C120 (€230 C120 C230
) ) 6%+ 7.6X103 0 3.6X10¢ 1.6X102
: ) " . -
10°units/ mg-protein & ¥J ¥ L 7. 12 20X102 23X10°5  4.6X10¢ 3.8X102
NI Y P ICHE LHERINST 18 L7X102 19X10°  1.9X104 28X102
24 AX102 43X10* 1.9X10* 3.0X102
BEOEEHRLAWIO W T, 31X107 43 0

. . * . WS (units/mg-protein)
CI120R UFC230WE M HIE D 729 1238 o HERW30mI (fBi215ml) A O MBERHMEARL 72,
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COOH o PR .
HC-NHz - COOH s VS—N COOH Pz
CHOH CHy (I:HQH ci Hy
! E Lo\
GOOH l COOH
Hc—Nrb .o ¢-0 CHO

o/

ptFo%y EERY ?Ha
ZRER cooH (CHain COOH
COOH COOH
@ EP
m
OH
COOH
v coo
FOOH COOH
CHp oH OH HO YEURY. | cnzcoon
COOH OH COOH
HO HO Q’ [ j E :I
!oon l ) H OcHy
& COOH OH CH *
Hp \ / OH
| cooH || COOH COOH
HO HO Z
Zu}
iw'* \ 7R HO 7:./'-11'\
i COOH OH
c
5 o /
~COOH  HO' 7 ~COOH (on /COOH ortho
v i | o wof ] fission /
(I;OOH (l;ooH HO COOH = |
o io l HOOC
1 HOOC
SO R
AR |
HOOC~mms 00 CHy Hooc ©
CHOH ooc 9
] (o]
HO Cha
C=0
COOH cOy
OH
o
Hooc-gz-é—coou Hzo\i Hooc
o]
CooH H0
| B v
gentisate CHy HOOC -CHy ~CHy - G ~CH,COOH
pathway o

HOOC ~CHp ~Chy = C ~CHCOCOA
l o
HOOG - CH, - CHZCO0H

CHyCOCoA

B3 -1
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\
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o]

PseudomonasB A E D FEFIRILE Y DR AR



s 2B LR EERE #3 —4 P putidaBEM O ZHEEFHR{L YA B
S HIE R R R 1SR LB L t:;fs&f%ClZ(;))lSJi U?czaoiﬁﬁ ERBRBORE

- > - MHI 2 . A2 =
72 CTORGICEVAIE LS _— %Y (units/mg-protein) o
BiRICE Yo EEOmLEE2 R Ci20  C230
34 LD T2o 0 me pp v OTVIT 7.5X104 4.8X1072 m

’ p-o V- 0 5.1X102 m
) — )]/&():‘3,4_:‘} AFNT 2/ — m-27 L — u* 71X10%¢ 3.3X102 m
- = 2 p-EFOFVEREFR 11X103 44X10¢ N.D.
Vi, 7z /- VEAEOHN e b A LR o o D,
CHBOEMZR LI ENDL, F 34TVAFVT /=% 45X10¢ 14X102 m
. T brhETF R 2.6X103 0 N.D.

1Y) - 2 .
ELTH yRIREEI X DREE 5. 3.1X10%* 4.6X102 m
N Ebhot, T, REg KEFER 43X102 6.1X10° 0

-FE N T 5 AT AR BB, o: AT IV YRR,
LEEROLRT, RRERER R S, « T asom! U5 15mD) 6 HBEACE ML

LICCI0TERERTLONRD R
BBkl b, CRLORERA LV EEREEIELACEEL AV EELLA
%,

BMRL7ZEBYp- FOF VYV ZEFBRRU 7O M7 X VERTIR, BES B 1H»Hh
b5 3. CL20RUC230EM L b EEIBEFE L ANVICE L b o722 &id, KL
o7 b7 VEREROFEEIRTOIERLEAOND, ST, ThOoOEEDOS
FICBWT, BT 5 ARBEBRFAOHHENACOERFIREDOON 2o 22 b, &
NOLEDEER 7O b 73X VBOF VY HRERTOHBIRLTYS LHEEL T,

—H. m-PVAVERTIER, MEREEISRECE 3, BB S#EEETEer o
O, FRERE IS ICHONBBER AT LTREBED 5,

2831/ P.putidaBH¥%IC & B T C E 8%
(1) P. putida BH¥R D FEFRALEMAHEE & T C E4 % 0Bk

INE TORFICL ), KEKROFEFHRICAWORNBER IR, Pl dbrTa—n
DAY FRRER, FANVVRARBERLE UM I T X VRO VY REBRRIGEET S L#EE
L7z 22T, CHODBEBROBREU2FETLIEENNELLT, £hfh 72/ —
N, ZEFBRRUp-t FOX  REFBREANT, FEKROTCESBRER L 0BRER
AToTLELT, TNOLOREETHFELIT- BT AT, ¥ TC EiRE %20mg/!
ELTTCESRRAREITo72e HBELT, VB ARERCTCERMA T
Sy RBREUFELITOLLEVEAEFEHALZY bo—- VRS AT o 720 TRA
BROBEE X K327 T o '

SRR, 72/ —VTHFEETo-HRL IV TCESHEMEL-Z L0, BB
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20
20 X
é 3
2 0O 75v2 ~ i
5 B zvro—u %
il ® 7=x/-NiEK A i
L O LREMEN & 10
B A pr¥Fox EEEREY = s
(= L
[ [ -\-\"‘\-\,._.H
OIS U W — S— _ao_:m&:{)ﬂ:oih::o_n
% 20 40 60 80 09 4 g 2
B M (BM) By M (B¥H9)
H3—-2 3o00FFHRILEUABERTE B3 -3 P putidaBHE?D T C ESEI RIZTHH
&H T TOP putida BHERIC & 5 TC EZ-# TCERENKE

BEREYFERELLTA2H7 - VDAV VREERD S W idp-k FOXF U EEEFREFE
ERETHTu b AT VRO VY RARERE, AEKROTCESMICEEGLEwI L
PHLME R o7,
(2) P. putidaBH}R DO TC EMRICRIZ T TCERE DR
T7x)—VTHELTo-HELHAY, B0 TCEEE (1,5, 10,20mg1) TT
CEGBAREIT o720 TOHMBEZEB3IIRT . COFMETIR, HEISERETHICHEY
FIGEEMET L Tw5 720, BEORFHELPBEREROREIELNS, $/2, TCE
DIRAFEE . R BINFME OPIEE S T2 ETEET 5 & 48K T130H
RBE20mg/IIZRRE L 72 b D T22.4%, 10mgN1T10.6%. Smg/1T47%, ImglT51%L %D .
MHREFSWIEEERFRED S 2 2EMARD L #3-5 TCESMEE
nizo M3-32BWT, TCESEVERNTHo 21 MWETCERE TCERNHRE

(mgh) (mg-TCE/h/mg-SS)
FMA 5258 E TOF— 5 L) T CEMMERELR — VI
DTEISIRL 720 L, me-SSHEAERERLR ) 15X

20 2.8X10°3

To
BARCEQRNRITBEREHEGER LR T s BMEEF VEZ A NT, 2O

HEEvix, KRDMichaelis-Menten DR ,(4) THEE 5,

ki1 k2
E+S:ES——>E+P'-'-iﬁ(3)
k-1

ZZT, E :BE S:#E, ES BEIEEESE P &g
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Km + [S] k1
Z €, Km : MichaelisiE#, Vmax @ ZERRICEEZRT,
ZORDHEE LY, NGI/R T Lineweaver-Burk D 72 v P 2T AT, 1[S1& 1w

D—RADYHE LEEP» S5 VmaxEKmE RO B LB TE 5B,

1 K 1
—_— = m 1 + PO ﬁ(S)
v Vmax [S] V max

BEMBEEE LA T, IB-SIKRLAETCESMEERE & REMGIBMEOTCER
E2HAWTYSIEIvOBEEZ KD S EH3-4D & H ICEWHE (B/h_FRBIURIC L 24EH
¥ r =09995) 2HOEBBPRIFBONS, ChICL Y, P putidaBHIZL B3 TCE®
SE, BRI E B BEREEREESRERHT 5 KIeE 7V & L 72Michaelis-Mentenz\,
WELK—HTBZ Db ol, COBTOEE. Vmax'% 4.0X 10° mg-TCE/M/mg-SS

(0.5nmol/min/mg-SS) . Km'# 10.3 mg/1 (78xM) LEH L7z,

EREMSERL D, BHICHBETLZ Ll v, £ DTCEMEHADSHEHE
X, 0.5~2.0nmol/min/ mg-proteinfBfE L Ebh THB N2, KEMRORZ KB EE IR, KR
B R mg-SSH - ) THEMEINTWAEI L2EETNE, COHHLRARBELRELL
hb, FEERALSYWSHEE Tk, BISLEITP. cepacia G4FkA8.0nmol/min/ mg-proteinT T C
E2GBTEBLHWEINTVEY, T/, * & UV EIHEEM trichosporium OB3b4R D T
C E A #EE X, 456~ 600nmol/ min/mg-proteinE FLE XN THH O, BB HEEZEEL
Twb, L2LEDFS, TCEDNA F VAT -V a YORAKMRM T TE, Bk

\' S -
. = max [S] T (Km=k1+k2)

DEROES S, BEEEOES, BEo B
ZEMY., TCESBI T 5 &ZEHE DR
., SLICRERENDYAS P TCOEEY B
WRERSE, £ OBROST Y ANEE &
ThH Y, B HREEO LBT, BEOE @m'
HEDIFTHIERTERV, §
A VBRABREORE. )T x /-
R MV YRR AR TH SRR RE A
Bk, QX5 vickaEREEFEL ' R To
Wk, QUBEROAIVEIAXV S 1S} (1/mg-TCE)
.)_'_ E2AETLEBEOANT CES5HE £ 3—4 Lineweaver-Burk®##H 7y
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Bya2l, WERENEA F VOFETHRERIHEINLZ LE, w22 0H
BERATVS, FIC)OMBERIEKTSH ), Hopkinsb PFanb A</ 7 naX A
KBWTfTomTCESRART, 27 VBV 272 /) - VIZEREELTCESH
EUZFHE Lot DE—DERLEEL LN D,

BHARICDOWTiX, TCEFBEEEN I THRES W ASHE IR, HEICENL
REA LV, KEKDO 7 = ) - VOBRBERRICOWTER - BEFLVRVTREL,
BICBETHRABN S CTCESBES LM T A LY EELRHELEI LS,

FAET EBH
K7/ —VGRED) bRELE VT CESMIEME/RL 7P, putidaBHIRDO TCE
STRREREHLPICT B0, L ORF 2TV, KOERLEB .

(1) TCESBBREFERILEMO/BRELEOHRB TR 2720, KEH|ROEFTRILE
WOEIEICOWTHAN L A, FEHKkiZ, RBRL720EOFERILEHD
L, 7z -V, REBEBR. o, m-, p-2 L /-, p-t FU3?“/T<E\§@\ m-+
ANVE, 34-FAFNT /)=, 7O A FFVBOMEHEOEE L BILT A
LHTEL,

(2) (1) THO» LS HEORBBEHLPELT T E 0T, RV ¥ URARE
FIEROEEITo LA, T2/ =N, 0,m, p-Z2 VS —VRUB4TAF )V
Tx/ =V, ATFIA- VDX IFHRERT, REFREA T I VO F VYRR
BRBT, ¥/, SO FEFUVBRUpE FOFVREERRI /0ty 73 VB
FNYRRERTRBE SN LH#EES W, D2 b FRFRIRII3I> DA HERED
FEFRR I N,

(3) (2) THELLISOFEFHRCEYRBBZRLTCESBLOBREZARS D

-b&3O®ﬁ%®ﬁiﬁgttf%ﬂ?h71/—w‘ﬁ%é&&ﬁkan#v
EEREBRICL WVEERREFEL-EREHVWCTCESRAR 2T o2 A,
FA-NDOXAIRAREBERTE27 2 ) - VoREROANTCEGH LML, &
BHRD7 = ) — VO HREBBTCELMEBRICBARL TS L2RRL 2,

(4) KE¥|RDT7 =2 ) — VGBREROBEE L5 TCESBEHLHOPICT S0
. 72/ = VBRELUH T UM TCERE2ELE ¢ TAFKRIC L5 TCESE
REBEEfTo LA, #O T CERiE, Michaelis-MentenFo 2 & { —FT B2 L ¢
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BHS & % '
HO D E %D, Vmax'=4.0X 10° mg-TCE/h/mg-SS. Km'=10.3 mg/1% &7,
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$4F Pseudomonas putidaBH¥D 7 x / —VEBRIEFEDI/O-ZF £ Z OB

B1E #T

1970FfRIC RS S - BIEFEERM X, MR ENOZEWOME D b — R HEH
R TH5 1980z o T, EYOBEFHETRPFREYOFTRICKRS LRI+ RE
Lize &0 b}, HBHEBETFRAVAT AOBMLMELPERTIE, RIPLBERY
F—RPBESIN, TORBFHEITCFRICKELBELZBITTE L,

CDEIRERPSL. TCESBICHRTIEHEA XV —¥RET . TCESH
EOBLY)FEL PR ELUEIS, AROBEEFHEELHLOMITIEMNTIO—- V1L
SN, TOBRPEDONTE T, 2 VEBREOREE, X5 vE2 4375+ —¥D
EHH OHMAL L DT R U2 ORBIZF OEERIUET M AT b, £DEHH % ) BRI
WENTONTE, ARV TCESMELMET S LSO 2Tk o 22, TiEHE
DA VEIAXVTF—EDRPTCESHEET S L%, BETHRIBER LS
UCATEVENFHRECLVFL2MRSELNR TV, £/, PV I VFREP. putida
F1# K% U°P. mendocinaKRIBRTid, #hFN VIV IV F V47— EEEFOL VT
VEI)FAF VT —ERETFOVRIIN, TRO5DOEEFEYHNTC ESE ilE T
BT LHFRENT VB, |

—FH. 7z = VGRBEIZ oW TR, WSO DHKRTERETHITA LR S TE 225
Tx/)—VoRBEFLETCESHLOBRIHALL 2> TELY, £/, TCESH
HOBERERE LTI N TV BP. cepaciaGAtRIZDO W Tk, RZZDBEFHI/a—v
b2 8 hTwisv, H—, J4 &1k Pseudomonas sp. KNIBE A & 7 = / — Vi RBIRZ T
D7 O—=V TV, HBIEICLIA2TCESHEZHERLTWAYY, BEFTI7=
J = VR RETFBEOBEMINE R IR TR WRIRICH 5,

2T, RETIE, P.putida BHE O T CEG B L BEF LRV THHET 5720
2. AEW|RPO TCEGM M T 27 2/ - VO REETFO IO -V T L ZDBIT%
o7

ol ERMHERUAEX
B1E ERMH
(1) Bk
KEBRTHERALZBEHRE TSI RAI FERIENIRT, £/, 20—V IZRY & —
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pVK100D #& % [4-112 7R #£4-1 HRAEKRETSSAIF

T ARy ¥ —iX., JLEH Strain and plasmid Properties Reference or source
= ] =3 Strain
NT7 AEUREEELT E. coliHB101 pro, leu, thi, hsdR, Sm (19
HIncP-175 X 3 FRPAH  E.coli]M103  thi, hsdR, Sm (15)
E. coli IM109 thi, hsdR Takara Shuzo
Sk
DHF <A VigEBET P. putidaKT2440 Ben, hsdR an
_ _ . R Plasmid & phage
RFPIHA ) Y WEER pvkioo Tc, Km, RK2-based vector (18)
— ST pS10-45 19.6-kb Sall fragment from BH This study
BFEHFDOIRAIFAS chromosome in pVK100, Km, PH
— B AN I— pS04-92 22.5-kb Sall fragment from BH This study
=T ~7 chromosome in pVK100, Km, PH,
5 A 3 FpRK2013DFELET €230
. e . pUCI19 Ap, multicopy type cloning vector  Takara Shuzo
THDOBENREGRET S pUC18 Ap, multicopy type cloning vector  Takara Shuzo
ZENTRTH B2, pBluescript SK+ Ap, vector for sequencing STRATAGENE
pBluescript SK- Ap, vector for sequencing STRATAGENE
(2) B #b pRK2013 Km, RK2-based helper plasmid (19)
- - 3 - Km, Sm, RSF1010-based vector an
T, EICLE PKT230
== * G M13K07 phage Km, helper phage for preparation ~ Takara Shuzo
(F#1-4) R UEMEERH of single-strand DNA

(%3-1) BMAL 720 % ook host speciic esuriction minus, Ph - phenol ssimilaing abily, Ben -
HERM LT OB M  resinance, Km : Kanamycin esisunce Ap - ampieilin resisunce, PIL - phencl
Db Ie. e 1% ¥a B 1o hydroxylase activity, C230 : catechol 2,3-dioxygenase activity
Tayy, g4y, F7 IV E20mgI0BET
W Lize 7, HEERITE, F4-2IT8FS0C
B 2 AL 2. Mz hkoBRIC R, EWE
TYEYY U/, FEIHAT VI RUBFTAY
& FNEFNS0, 25, 254 gmIDIERE CTHEHITHIN
Ly 372, ac7U E— 5 —DFEHELLTA VT
QEN-BD-FAKF T2 b ¥ (IPTG) KU Mk
AEBIROBBAHIL L T5-70F4-2 0031~
FUN-BD-FF 27 F ¥ F (Xgal) % 2hen Bi71 TAIFXTI—pVKIOOHE
Sme/Uk U40mg/I0D WERE CHEFT L 72 o 4 ZEBETURHT  rosisiant gont, cos - % prage conensive sad sha
D —ASEDNADFELIC 13, F43ITR T2XTYH
%, SDS-PAGEIC & 2 BEAGH D720 DREFRITIIRA-ATRTTBEHEZHEH L 72,

B2 EERAE
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F4—2 SOCKEBOMER (gn) #4—-3 2XTYEHOERK (gn)

Tryptone 20.0 Tryptone 16.0
Yeast extract 5.0 Yeast extract 10.0
NaCl 0.5 NaCl 50
KCl 0.19
MgCl2 0.9 PH72
glucose . 3.6
pH7.0 #4—4 TBEBOME ()
Tryptone 12.0
1 il FREE R AL : Yeast extract 24.0
HHH B 1. KL DDV RTES S Syl 30
AL, FHSHECEV R BEEREFERL K2HPO4 12,5
TDNAY ¥ 7V DAL L 720 PH7.2
(2) DNADHIH

Pseudomonas putida BHEED> & DFBADNADOTHHIZ, FES OFEMERFB L 72/ — Vi
HE2HMAEDELFEOCLNTo . T/, X5 —RUHMMER 79 23 FORRI,
Bimboimb N7 VH ) EDTITo 7z ML A7 I 23 Fid, LEWE L THELEY Y
A—BRALZFV Y AEFE YR EE OO HE (100,000rpm, 20C, 16h) 1 THIL 24T o 7=
2, DNADY A Z53H7iE. KFEH 7<) YEBRIKHEE (32—-FYy FII., 2XE 34
A8) 2EHALET7 VO —-AFX VERKBIC L W1To 7, KBIEDF VE, BIELZFV Y
LW 05, gml) THRAEREZ, BIGRIRETCUTHRILL, FESTFES-—P-LL
THBL ZBERTF Y 4 X O ADNAHndWHALD o\ o o (M)

(100ng/p1) &EMEIL T, 2 OMMBEHEL S ¥ Tris -HCI (pHS.0) 40
AX %KD 12 Tl S VOERREUIKE)IC XRS5 EDTA2Na 1
IR TAERRE W % Fv 72, At 2
B) 7 Ha—ZFVH 5 ODNADEY

7 A8 =5 VH b ODNAKTA @ BT id . UNIDIRECTIONAL ELECTROELUTOR

(IBIZ) % H\w7:EXRIKEELE. DNABLE L7 4 V¥ —SUPREC-01 (E{HER) &
% X Gene Clean Kit (BIO101%!) %#RA L. RfT OFBHF 4 - TODNADO BN %47 -
720
(4) DNAWT i DR v FiE1L

5% 5 \Wid3 L Kig % F T 5DNAKTA OKigFRfbicid, EiEHERDDNA Blunting Kit
A, MO FFHAFICEECTERAL
(5) DNARE D HIE
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DNABHEOEE X, 035mIBAE L V&2 AV, HEE260nmOEGEREIC L ) KD 12,
% B, ODw=1%& % A D2ASHDNAIEE %50 4 g/ml, 14$DNARSE %40, g/ml & L TDNA

BEETEHR Lz, /2, BFEL LT, BEMEFEOADNAL £ H IZDNAY » 7V & BRIK
Bichir, BIEFV 0 A CHAHE, BOBBEICL VELN Y TIVOMEE £ADNA

DEFE LK THZ LIZL o T, DNAEELXH#E L.
O Z B VEFVEEERLDE:

R 7 ¥ — D BRI 2B < 72, Bacterial alkaline phosphatase (BREFEFGEL) @ 5 X Calf
intestinal alkaline phosphatase (EHEH) AV, FHHHEDOLEMEFIHEW, X7 ¥ —DNA
DSKG» L) Y ERERREL
654 5—ar

IRAIRIU—ZV T DODITAF—YaryTik, IVAFI—HRERETS -
W, Ny y— LBAMAOKBBER #4:1& L, RIS ODNARE #200ng/ 1 1A E I
L C. EilirEigation kitDBHE Z X, 26 CTI00MRIC %47 o720 T/, ¥ 77 0—=
YIDRDDIAY—Y a3 Tk, X7 ¥ — (0.03pmol) KUA % — FDNA (0.1~0.3
pmol) %2 {rDNAEH20 ;. 1N EifE S ligation kit@A‘HilOO,u 1EB#20 1% 0%, 16T T30
S RRFE L TDNADKARIG 21T 2 720
(7) E

—80CTHRELTWAE coliMBAND IV EF ¥ b IV100p 1% K THME L, DNABK
(20 1)) 2FEML7, 0OCT305MRFER, e —Fav s (L2CTORRRE) 25
v BUXKG L7zo R, TOHBERABRE ICHEL 2 1mlOSOCE#ISHEM L, 37C Tl
REAREEEEL T o7, TOERIm%EZ, 7 YEY Y v, IPTG, X-galZ@m L 7-LE
REEHICEIK L, 37CTURMEERL 72, SREBEFIHFAINATICHRRILL 2R
¥ —HE. coli \= Ao 72355, IPTIGE X-galk U ECHFBR IO = -2 FEHT 5, —
FHe Ry —CHAMR 2 A TR 240, Aau=—L LR G KT %, o
YEF Y FeVik, CaCLEEDTHREL 25 D2, & 5V IZE coli]M109, COMPETENT high
ORERS) #BAMEL 7,
®FEEEA

HMBADNADKGE~DE A X, TBE & L TE coli HB101% f v», ADNA IN VITRO
PACKAGING KIT (Amersham International? ) % Fiv:, ERHBEICHE > T > 7=
O EAK L ZEBETFEA

BECHEHTIEETFHER IBEHR. A2 LR T—M&ER (E coli: 37C, P.
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putida: 30C) THEL., FEBEDOODwdE L 25 L) IZHF ML, TREFRLLIDOEE
THPRHEERE L ThETRAE L= — L L BWFHATTI A VY — (SURT 74
VF— L0455y m) ICEL THREEHEL, o7 1 Vy —RLEXEHB E T, 30T
TORFMERERE L 720 HERE., REKTEERSESHRL GEREBICBKL 72,
(10) 3 Z:ELH) DT

IEEEFTOMFITIX, Sanger b DdideoxylE?IC & WiT o720 T3, BATICLE L DNAKTH
%38 FECHRER X 7 ¥ —pBluescript I SK+3 % WIISK-~E A L, LEE L TEBEE
Fkilo-sequence ] deletion kit AT, HAMR 2BA T A AT -2 a L2 FF A3
FEBEL, CREAVWTRE 7o ba —VICHEL T —ADNAY R Lz, ¥ — 4~
ARG, TEREHEEN (FITC) 794 v —RUREHBHLA - bV —r ¥ —H
sequence kit Fi\V TiT o 720 BIC, RIGH%X BY A — F ¥ —4 V¥ —8Q-3000iX 0 TE
SIKEYIC & D) BEF DT 217 o 726

(11) SDS-PAGEZH#7 £4-6 FVTNNyT7—OHE (ml)
~, 102 - > s .5M Tris-HCI (pH6. 1.25
TEYY U EISOmgNe e b & DML glsycmls (pH6.8) 1,00
TBR: M 10mUICH 2 KIER #4888 L. 37C. 150 10% Sodium dodecylsulfate 2.00
2-Mercaptpethanol 0.50
oscillations/min CHEEIE BIEE 2T o -0 1EH 0.1% Bromophenol blue 0.25
Distilled water 5.00

B, RV —DlacTuE—¥% — % EWILT 57

¥, 200mg/ml IPTG#% 125 WM L (R IEBERH

ImM) | BU, FAHCIBESES for, i K477 FEFL (5% OHR (m)
30% Acrylamide* 10.0

FW1.5ml% E 04 # (10,000rpm, 4C, 5min) 1.5M Tris-HCI (pH8.8) 5.0

— . 10% Sodium dodecylsulfate 0.2
4- z l '; 'ﬁ“ ‘:7 NS ‘:7 7_"(\‘-—/\ "}%;?‘ . .
L » i 61 7 Y TNy SEE IR 10% Ammonium persulfate 0.2

Bk, BU. ROO¥E o7z, LiEE Eilkss  TEMED® 0.008
- . Distilled water 4.6
#iAs 7 4 V¥ —SUPREC-01 (fL££0.22 M m) THE 29g acrylamide+ 1g N, N' methylene

. ; . - 44 bisacrylamide /100ml1 distilled water
BL. EBEHRAT THSTRMBRE, €05 #  ** NN,N',N-tetramethylethylenediamine

1% SDS-PAGESHT DEFL & L TIRENICHE L 72, £4-8 BHEIV 3%) O (m)
SDS-PAGEIZ X, 90mm X 80mm X Imm® ¥V % 30% Acrylamide* 1.0
) .. 1.0M Tris-HCI (pH6.8) 0.75
ﬁﬁﬁ L 7; o 120mrn X102mm® lz%ﬂ. )] jf 7 A '7“ V- 10% Sodium dodecylsulfate 0.06
Rz, 4710 ¢ D LA : > 10% Ammonium persulfate 0.06
RATIRTHRO RS VL Agmiiy, 10% A D06
Lidd, €DLKDBDFEHKEER L, 25CT  Distilled water 4.1

ERET o7, WIKHHZ, LB 0oEYEKEKRE * 29ganlamide+ 1gN, N methylene
bisacrylamide /100ml distilled water
L. 585 v ESBICRASI AR 2R TR AR 7y NN N-tetramethylethylenediamine

BRESV— LV EBITERBL. Y7 va—a (12B46FH) 2 L8 LAAR, 25CT
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#£4-9 Tris-glycine@HE MR () £4-10 REBBEOHE (ml)

: Methanol 50
Tris* 3.0 Acetic acid 50
Glycine 18.8 Coomassic brilliant  0.5(g)
Sodium dodecylsulfate 1.0 blue R-250

* tris (hydroxymethyl) aminomethane Distilled water 400

BURFE L. BESVIRECESR, Y7 _
V3o A BB I R L o il L L BEROER b
. 7 b —BAE-64401C & D, iBH2V % 18mA i‘é’;‘i‘i‘é“ :clid 138
Distilled water 780

THREB ORI THES VERIET S T THKEH ,
Ly BEv TS Ve 2 26mA TIRE) 2T o 720 IKBVARE O MK & F491TR T KB
BOTFNVIE, F&10CTRTHREBETY S R0 ICRE L TIREARER%R, F4-11RTHE
BWTOWLRPLERLRERORBRLETRIEL THEET o7
(12) 7 = J — VIR

WREREZLEN WBECBLTHFIA Y V20N C—ASEERBE L, L& T
—BuliR (E coli: 37C, P. putida: 30C) THERBEIEELT o2 T OEERImIZ 100ml
DL (DB LT FIA V25N 72372/ -V (400mg/l) %&t FiEi
IHEE L. 300mIBF=£7 5 X 2 TODw=2~3% % ¥ CRIERERE (160rpm, 30C) %
TV, TR ENIEFEEE, FERGEL L. COFAEET7 = /- @00mgl) & &
R ~ODao=112% 5 & ) 8% L. HEIRENEE (160rpm, 30C) X THHRREREAT
o720 KRS HIEWE N L. B IC60%MERE ML TRIGE Bk &€, E 58

(15,000 rpm, 10min) I[CTHEEZBREL 2, PO T2/ —VREI T I-VigER
BELERETHOFHTEREBRGE I 0 S I 7 THIEL .
13) 7x /= Fuxys—EPHIEHORIE

PHiEMIX . Fujitab D FPFNCHEL . RO BRER Img, 1ML 72 -
CHEEINSH FI—)VE (nmol/hr/mg cell) TFEML 7zo BNH ., LEHT K AR (E
coli: 37°C, P. putidz: 30°C) THAE L -BALEE L. EAENE (331) CHSER. Tz
J =N (25mM) &t 100mlD BT ICODw=2.08 % 2 & ) K HELBE L2 B
B30T, 160rpm THREIEEL, BhE 72/ — Vi RIS S €7-, 1K, ¥ERL
HOSEEL., LELSmIZRML, SEBOHF a-023-4 Y7+ —¥ (C230) HEE
WEMZ, 72/ —NVEDERLEZIFI-VEEID2-L FOF AT VEEITLFE
F (2-HMS) KE#HRL 72, < DO2-HMSEE * 29 B OWIUE AR E375nm OB HE I & o
THEL, ChEhFI—VEECHREL,
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% B. DNADREEI, £A M CSambrook b NDEEPICHEL, 2 AI Fru—=r7
ZREF O DR HE® 2 BE T2 72,

I EBRERLUICEE 1 2 3 45 6
$11H Jx/-—-IVAREBERFOIXIFRY
aA—-=>7

aXI Fru—= v ZIRAVWSEZY
A X OBHF O B {ADNAWT T 215 5 72 ©
2, I A3 FXRZ & —pVKIOOHFICHE— D 7
O—= v 744 b e EoRIEOHIREEE T
Yutt ADNA R IHIL L 72 & &5, [4-203k Y
BEEIIRT & B Y BREE R Sal2sBHER D 5
B ADNA% RIFICHIL T E 22 &EA'b 2o
2o £CT, £F. COBEREH, 7
7 — VR TII Y ABTHLEDNAY 4 ¢ BE-2 EEMEMELSSP puida
& % 15kb~ 30kb O DNAWT i #°% & 1< £ RS P. putida BHER B ADNAD 1 : RIHLW,
2L bRt r e LT, FORKE, 2 HindIH{EY, 3 : EcoRUHALY, 4 : XnoliH (L4,

5: Sallil{t4, 6 : ADNA HindIIH{LY

20 2 10 JUGHE A T, DNAREEOng/ 1. BER
B0.2~0.7unit& L, 37C. 1RS¢k, BT A A B C
X DDNAWTE D% { Bonb S kdbholze TO&KE
EAIC, B ONIDNAWH ICEHME R €570, BER
BRHILDNAB 2 4 £ 2 724 I 2 T, BH#AE{EDNA
RHALL . BRIKEIE. 15kb~30kbDHE 5% & 57 VERT
%%ﬁﬂvi—ﬂf@bmb\%ﬁ%@%&&tlof
DNAMA 2 EX L 72 Z D4R, BU-3IRT B ) BB
A ZODNAY Y 7 Bbh, ZOPNEITKERICLT8u g
Lirore (EUNE2.2%) o

ZODNAY Y 70 bbb b SaTTHIEL 2pVKIE o o o
SAE—a v, F0O500ngZFAVWTHEEAR To72t OEARBER
5. #200000D 3T == hh YA Y kabRys A DA BRI
b L LT MR EEICEBIRLTT I X3 Ko C ADNA Xhol HLY

33.1
15.0
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pVK100

H4—4 HBIEDPSHELAZTIRAI FEZ0SalE{LY

1~TR KBS v 7T, DRET ¥ 7V SaliE{bE R L T 5,
M EFTV, GIRBERST L2 25, H44IRT LB, DL DIZ LA LI
ABFE AR b t, AWK OF 4 X 2FH20kb, HAKE 2K < BED o T80%.
PseudomonasiB A H D HfE 4 4 X %4000kb & RE T 1L, BHOBETFHCNIA TS
) —ICEENARERITITIZIN (599.9%) L#fEEI NG D,

RIZ, T D20,0008kD ) BAEEIC2,3008k% 7 = / — )V (400mg/l) % ELLERKEHIC L
TUHL, BELLLZIA, COHILDOTERD I O =35 FTEBT - REEEE%
2L7 (H45) » cORBIR, TN TV Vv E0EFRILAWSHEET O o—
VDRI WMEINTBN?O, XV EVIRD A & FRREHOP BB 0 £ &
2bDEHEING, BIb, 72/ -V, 70— v Fa3nBEFICa-Fant7

BM4—-5 7=z/-VEARUGLEREHECEGAT AHBIHK

A ATIA—NVOERIPHEE SN LB K
B.2-k FOFxY AavEEI7IVFE FOEEPHEE SN LB 2 &
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og €230
(pheA ) (pheB) / COOH Lower
CHO pathway

Phenol Catechol 2-Hydroxymuconic
semialdehyde

M4—6 #5257 Pseudomonas putida BHRD 7 = J — Vi RES:
PH: 7x/—bk FO¥¥ 77—+, C230: AFIA—-N23-VFEVF—H
EMAI. M5+ 2 8EFERLTV S,

/= Fa¥xys—+F (PH) ICE D73 - UABILI N, THHFEICHT I
23-VAF V5 F— ¥ (C230) DEAT2E FOF aa vBEITVFE FITEHRE 1
rrEibnd (M4-6) o B, LA F I-VORARILIC L ZER T, —H,
BHRBIR-L FOF AT VB EITANF e FOERBER EEL N b, & 2T,
PH% 2 — F L7-8{5T % pheA, C230 # 2 — F L BIETF % pheBE & L7,

o DMPBIKDH 73— VAR RHERTH720I1C, 7=/ —VEFULEHMTHE
LAREEImic 7 0a s/ Ly ) — VEHR2ml 2 ML T, s ge s, windik
BIEBLITI-NVERNTEIENTE T,

Iho THROMBZ AN 7T X3 FRAM L, HIREEE T L TSal Dl REE R
AR L2k h, H4-71RTEB Y SHORL AR T 2 HEETE 72 (pS04-92&
pS18-93 % U'pS23-97 & pS03-43id[F] — DI AW 23 o TWwWiz) o THH DML R IR I
F2ET570—-r09 b, pS04-92 (pS18-93) #FT AMBIAKDOA D, 2.k Fux ¥
ADVEREITIVTFE FEAERLEo 7z SO RIE, pS04-92125E 4 % pheBEL T F
EINEVIEERBRLTNVS, DL ) LREBENS, pheAR U pheBE &L 72 ) — )b
SRR TFRHSRF AWM OGF ) CHAET 2 ETEL, IPoAickb KE2H

0 s 10 15 20 25 30kb
l 1 1 1 L L J ﬁ#%wtﬁ
phed pheB CAT 2-HMS
pS04-92
(pS18-93) + -
pS09-99 + +
pS03-43
($523-97) + +
pS19-21 , + +
pS10-45§ ' T + +

M4—7 MEXIXI FOSaBIEEEBEE#E X 0D pheAR UpheBEZFAE
CAT: 25 a—N, 2HMS:2-L FaF S AavfEI7LFe ¥, +:. EHKdD, — EREZL
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' Y B X X\ X
pS10-45 i | f i-

- C KK c ll( c c K K A ;:;i‘_ v
pBH4029 PE - +
pBH4012 P;{ r: -
pBH4013 [ 7 <4 -
pBH4041 I X +
pBH4001 in::i +
pBH4006 B:JC< -
pBH4039 C> r:vl -
pBHA4050 > t—:__xz X -
pBH4009 ’x 2, -
pBH4020 L | -

0 ] 10 15 19.6kb

®4—8 pSIO4SORIBMERREL 72/ — Ve Fuxd5—E¥RIEFOHENE

KEAIE, 2 7 —pUCI19% BV i2pUCI8 EDlac7/ B E—F —DFMERL T2, +: BkD
D, —:¥WK%L, B:BamHl, C:Sacl, K: Kpnl, P:Pstl, V:EcoRY, X: Xhol

B2 #opS10-45% S L AHMTIERT A L E LT,

Yrru—= 7 ZEHIREERIC L DHAL 2420 B L TpS10-4503F A Wi A 43047 247
o7 kER. BU-8IT/RT19.6kb D AR ORIREBERMH 2 EE L7z, CO¥Y Fou—=
VIDBRTHEL-BADHEBRZI TIAIF2AT 2MBxkE, 72/ - VEFGL
KREW FCHEsE, F0EBYHEL /2L 5, pBH4001, pBH4029, pBH4041 % {&
BIasKBESYFa—-VieER L. —J5. pBH4039 KX U'pBHA050% A A KIZ B ix 7
FA-NEERLE o722 L2 5, pheARIE T 1XpBHA001 D 6.1kb D HE AW DA VR
BltfEosTI—FENRTWAEI LHFHEERINS, T/, AW 277 —EFIHT LHE
FHCHEOpBHA006 2 AT 5 KIGH A, HE LA T I - VERERS e ozl b,
pBH4001 L D phe ABIETF DRBIE RS ¥ —Dlac7 OB E—F — 2L Db DEEZ bNLD,
$2IH Tx/-IREREEFORE

ra—=vrZENET 2 ) = VR BETFORAEFARL DI, BEEIC Lo T,
Pseudomonas putida KT2440~pS04-92 % U pS10-45DE A 2 hA /2o THEBE LTHEAL
KT24408k1X, REFBRERV Y VBOA VVRHERBRTELT A EXTE LD, &
DRI T = ) —NVEHh 73— V~BALT 281EF. BlbpheARIZFEEATHIE, M
BABRIZ 72/ —VERERSCBIETEL L ICR2ETFHENS (H49) , BEIKES
pS04-92% UpS10-45DE AW L ), AFv AV V280 72/ —VERERBIZZELETN
20X10% 13X 10YZBHNEE TCau= — 2" HB Lz, BARPOHHELAZTIXIF
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H
Phenol ~ OH N 2 “CcooH = Lower
pathway
COOH X\ COOH
Catechol cis, cis -

Muconic acid

Benzoic acid

4—9 BIZETFHMIIC L B Pseudomonas putida 24408kD 7 = / — v DM

) P putida KT24408k D% BERTMAERS,
) HAT DpheARETF I I — FERL T 2 ) — MUEER

%, GIREBERCTHOT LR, 2OHIREBERHIL T a7 7 4 )V 5pS04-92 % UFpS10-45%%
BABRICEAZINTYA Z LR EINT,

Kz, 185 1 EARRD S B P. putidaKT2440 (pS10-45) % Fv> TH #KP. putida BHER &
EDKT ) — VR REBRIT o700 EBRRR T H4-101RT, 7=/ — VTHIHEL,
TS CBERREFELEAKREBAV T 25A TR, BETOSHBEE CZZROLND
A, BABRDKT2440 (pS10-45) i3, BHROBHA & LbXEH 7% { 3BERIFREE T400mgN D 7
2/ —=VEDBR L, 372, ZOB, £ I 774 RN Eh o,

—7% . FFERELHAVBEA, BAHKRS BARAKI 2B 7 75 4 A0k, SKHE
BET7z /- VEEL&IoBmL), Th
bDFERIX, pS10-45 12 A% L £ HPHE
FEFPFEETH L 2RR L, DA D
MBEPTORIFICEFTHZ LOHHLR L
Zolie MR T, BEKIKBWTD, BEX
FEOHEPBEOL NI P, ZOM
BAIXAI FEIZPHORBE #HIH T 2 4
BOFEEL., BT 5 Z LRI NI,

L2 L% M5, F%&EH TpS10-45K O
pS04-92% K ¥ B E. coliHB101% W T4 0
BABREIT 12D, BEELR 72— VOR
LRFDONL o T2 BIFITHI O —=
YZRBWT, ThHIXI FEFOE
colif®7 = /) — Vi EULEXREH T, 48

400

300

200

7 x / — VIREE (mg/l)

100

M (%)

E4-10 BEMIRELDI7z/—VORHE

O : Pscudomonas putida BH (7 = / — V)

A : Pscudomonas putida KT2440 (pS10-45) (7 =/ — )V i&iH)
@ : Pseudomonas putida BH (FE%i¥)

A : Pscudomonas putida KT2440 (pS10-45) (FEEH)



BHLVREEABILEGL, KBETCORBETFRAOKEL 2o/, BEL£D
BBEVARNVIMEL, 72/ - VORBYOERBRIBO THETH o123, HELBRAD
O RAIRAEN DD EEDbRS,
IE T/ FOFPT—-URIZT (pheA) DEEIF
(1) phe AB{RF DIEFLELT | OFHT
Tx ) —VABREEOX-BETH), TCESHEMET 2L FHRELIPHE 0
F L 7:phe ABIZ FOFEMEA L2 TH70, RBEFOHEERFI2BINTIILLL
720 . TEL pheABIETF % H T 5pBH4001 X U'pBH4006, EIZ, 72 u—= 7 &
BBEREBLTFY -V a VIS NEBLEAD 7T X3 FEM AL T, Dideoxy®E®IiC &
D 6.1kbSaclllf i D&YEHEELF 2 ke L7 (K4-11) o
B SNBFIZHBTLA-L A, ZOBFIPITIX, pheAl (nt 746~1021) | pheA2

(nt 1077~2069) . pheA3 (nt2076~2345) . pheA4 (nt2360~3910) . pheAS (nt3981~
4337) K UpheA6 (nt4351~5409) D6DONF—TF ) —F4 7L —24 (ORF) HED
btz FORFDERIIZIL, nt742~746, nt 1057~1064, nt2065~2068, nt2347~2352,
nt 3964~ 3972 % U'nt 4339~ 434312 2*F T, E. colift U P. aeruginosa? 16S rRNAD 3'K ¥ &
ML b2) KV — LA (RBS) VHFRD LN, T/, HHOORFD EFITIE,
nt701~7141 5 F T, ¢*% 4 7ORNAKY 2 5 —-¥0EAT 5 70 E— % —EFH| (24/-
R27OE—%—) 2B LNT, ThbDORFIX, %1 F110.6kDa, 38.3kDa,
10.5kDa, 60.5kDa. 13.2kDafk U'38.5kDan&HBHE 2 I — F§ 5 Lt S iz, D EDOFER
6. P. putida BHERH K D pheABIZF X, 6O2DEARS o2 5TVFasR—F >V +
DEEREI—-FTHLEEL,

RIT, YE & N:pheABIETF DIEFFLS %, DDBJ(DNA Data Bank of Japan) %D 7 — %
R—ZZBFENTWADNAERFIC W L THEO Y —REX2{T o 72 & & A, Pseudomonas
sp.CF6OORHIE DT VW F IV R—=FZ Y D72/ — Ve Fa x5 — EBETFdnp&izT
DL EBELHVREOT —DHD LN bhor, $72. pheAl(ETF DEF % DDBIICE
8%k, BEFRTOI-BEET oL s, FIRFEEFLFEQT -2 5D, P,
putida® ph&1{5F. phlBIEF. Acinetobacter calcoaceticus® 7 =/ — vk Fu ¥ 5 — ¥
ZF (BHEMIFTFORTwAVED, I TRapBIEF &T5) HBFEIATVWEI L
Bhdol: (F4-12) ¥ KBIZTF & dmpBIET. phhBIEZF R UphbBETF DEEIZFHIC
BEWHRED T - FRD LN, FIZCF00MRER OdmpBEIEF L OMICE - Tk, REL
726112bpil B VT H T2 1bp L 2 HEN A b § (K4-11, nt 5026, phe: A, dmp: G). 100%
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GAGCTCGGTGGGGCGGACCTTGACCAGACCCTTGAGTGAATGCATCTGCGGCCCAGCGAGGAACATGCCGACTTCGCTGG
SacI /

CATTCGGTCTCAGCTTCCTGGCCAGTTCGGCATCCTTCAGGCCGGACTGGTAACCATGGCGCAGGAACAAGCCCTTGGCG
CGTTCGATGCCCAGGGTATTGACCATTTCCCGGCGAAAGCTGGCCATCGCTGAAAACTGCAGCAACAGCATGCGCTGTTC
GCCAAGCCAGATCTTGCCTTCCATGCTCTGGAAGTGGATCAGGTTGGTCAGGTCCTTGAAATCGGAGTGCTGGATTTCAG
GCTTGTACTTGATCGGCATGTAAGCGAGGCCCCTATTTATTITTAGATGGGGAAAATCAGGGTCGCCGCTATAGCGCAAG
GCAGGCGGCGATTCCAGATGGGGTCATGGGGAAAATCGGCAGTTTTTTCACCTGCGCCAGCTCCCCATAGCCAGCCTCAG

TATCTGGCAAAAGTCAACCAAATGATCAATCGACGGCAGTGATTTTAGTATTAGAGATCAGCGTTCAGCTGCGCCATAAG

CATTTGCTCAAGCGGSETQEEGCAATTGATCAAATGCTTAAAAAGTCTGCGCAAGCGCGGCTTAATTTCGCTCGCTCCGA
TCATTCTAAARAATTAGAAACACATTGAAAAACAATACCTTGAAGTCTGTTTTCAGACCTTGGCACAGCCGTTGCTTGATG
— < — r—d nar—d

TCCTGCGCAAGCCGCCAACCTGGAGATGACCGTGACCAATACCCCCACACCGACTTTCGATCAGCTCACTCGTTACATCC
pheAl-->M T VvV T N T P T P T F D Q0 L T R Y I

GTGTGCGCAGCGAACCAGAAGCCAAGTTCGTCGAGTTCGATTTCGCCATTGGTCATCCGGAGCTGTTCGTCGAGTTGGTG
R VR 8§ E P E A K PF V EF DVF ATI GHUZPEULUFVE L V

CTGCCGCAAGACGCCTTCGTGAAGTTTTGCCAGCACAACCGCGTGGTGGCAATGGACGAAGCGATGGCCAAGGCGGTGGA
L P QDA F V KPF CQHNI RVV AMUDUEA AMAIZ KAV D

CGACGACATGGTCAAGTGGCGCTTCGGCGATGTCGGTCGCCGCTTGCCGARAGACCCGGGCTGAGAACCCTGCCGACAGG
D b MV KW RF GDV G RURL P KD P G

CAGATGGGCATCCAACAACAAGAGGGTACGGTTGATATGAGCGTAGAGATAAAGACCAATACGGTGGATCCGATCCGCCA
pheA2-->M S VvV E I K T N T V D P I R Q

GACCTACGGCAACCTGCAACGGCGCTTCGGCGACAAGCCGGCTAGCCGTTATCAGGAAGCCAGCTACGACATCGAAGCGG
T ¥ G N L Q R R F G D K P A S R Y Q E A S Y D I E A

TCACCAACTTTCACTATCGCCCGCTGTGGGACCCGCAGCACGAGCTGCACGATCCGACCCGCACGGCGATCCGCATGACC
v T N F H Y R P L WD P O HUEULHDU®PTIRTATIIRMMT

GATTGGCACAAGGTCACCGACCCCCGCCAATTCTACTACGGCGCCTATGTGCAGACCCGCGCGCGGATGCAGGAAGCCAC
D W HXK VTDUPI R QF Y Y GA Y V QT RAIRMMDQGQEN AT

CGAACACGCCTATGGCTTCTGCGAARAAGCGTGAGCTGCTGAGCCGTCTGCCGGCCGAGTTGCAGGCCAAGCTGCTGCGCT
E H AY G F CE K REIULILSI RILUPAEULU QA AIKITULTLR

GCCTGGTGCCGCTGCGGCATGCCGAGCTGGGCGCCAACATGAATAACAGCAGCATCGCCGGCGACAGCATCGCCGCCACC
¢ L v P L R R AEULGADNMMUSNNSSIAGUD s I A AT

GTGACCCAGATGCACATCTACCAGGCGATGGACCGCCTGGGCATGGGCCAGTACCTCTCGCGCATCGGCCTGCTGCTCGA
v T ¢ M H I ¥ Q A MDU RILGMSGO QYL S RTIGUL L L D

TGGCGGCACCGGCGAGGCGTTGGATCAAGCCAAGGCCTATTGGCTCGACGACCCGATCTGGCAGGGCCTGCGTCGCTACG
G 6 T G E AL D QO A KAYWULDDUP I W Q G L R R Y

TCGAAGACAGCTTCGTGATCCGCGACTGGTTCGAGTTGGGCCTGGCGCAGAACCTGGTGCTCGACGGCTTGCTGCAGCCG
v E D s F V I R D W F EL G L A QN L V L D G L L Q P

CTGATGTACCAGCGCTTCGACCAATGGCTCACAGAGAACGGTGGCAGCGATGTGGCCATGCTCACCGAGTTCATGCGCGA
L MY 0 R F D OQOQWUL T ENGSGSDVAMILTETFMT® RD

CTGGTACGGCGAAAGCACGCGCTGGGTCGACGCCATGTTCAAGACCGTGCTTGCCGAAAATGACGCTAACCGTGAGCAGG
W Y GE s T R WV DAMU FIKXKTV L AENUDA ANIT RE Q

TGCAGGCCTGGCTGGAGGTCTGGGAGCCGCGTGCCTACGAGGCATTGTTGCCCCTGGCCGAGGAAGCCACCGGTATCGCC
vV Q AW UL E V W EPRAYEAULTULUPULAZEEA ATG I A

GCGCTGGATGAAGTCCGCAGCGCCTTCGCTACTCGCCTGCAGAAAATCGGCCTGAAAAGCCGCGAGGAATAAAGCATGTC
A L D E V R S A F AT RUL Q K I G L K S R E E M S
pheA3-->

4 —11 Pseudomonas putida BH¥D 7 = / — vk FO ¥ 5 — B REFDIEHES

THRIZEED) R/ - Ar#EBNERL. —ETHREBEED- 124 0E~ 5 —BEHE2FRT,
&EML, inverted repeat ¥ 78T,
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ATCACTCGTCTACATCGCCTTCCAGGATAACGACAACGCGCGTTACGTGGTGGAAGCGATCATCCAGGACAACCCCCACG
s L vY I A F Q D N DN ARYV V EATITTI QD NP H

CCGTCGTCCAGCACCACCCGGCGATGATCCGTATCGAGGCCGAGAAGCGCCTGGAGATCCGCAGGGAAACCGTGGAAGAG
AV V Q H HPAMTIU RIUEA BAIEIZ KT RIULETIWRI RETVEE

AACCTCGGCCGCGCCTGGGACGTCCAGGAAATGCTGGTGGACGTAATCACCATCGGCGGCAACGTCGACGAGGACGATGA
N L GR A WDV QEMTULVDVITIGGNUVDEDDD

CCGCTTCGTCCTCGAGTGGAAGAACTAGGAGACAAGCTCATGGCTACCCACAACAAGAAACGCCTCAACCTGAAAGACAA
R F VvV L E W K N pheAd-->M A T H N K K R L N L K D K

ATACCGCTACCTGACCCGCGATCTGGCCTGGGAAACGACCTACCAGAAGAAAGAAGACGTGTTCCCGCTGGAGCACTTCG
Y R ¥ L T R D L A W ETT Y Q K K EDVF P L E H F

AGGGCATCAAGATCACCGACTGGGACAAGTGGGAAGACCCCTTCCGCCTGACCATGGACACCTACTGGAAATACCAGGCG
E 6 I K I T D W D K W E D P F R L T M DT Y W K Y Q A

GAGAAAGAGAAGAAGCTCTACGCGATCTTCGACGCCTTTGCCCAGAACAATGGTCATCAGAACATTTCCGATGCGCGCTA
E K E K K L Y A I F DA F A Q NNGH QNI S D AIR Y

CGTCAACGCCCTGAAGCTGTTCCTCACCGCCGTTTCACCGCTGGAATACCAGGCCTTCCAGGGCTTCTCGCGGGTTGGCC
vV N A L XK L F L T A V s P L E Y Q A F Q G F 8 R V G

GGCAGTTCAGTGGCGCCGGTGCGCGGGTCGCCTGTCAGATGCAGGCGATCGACGAGCTGCGCCATGTGCAGACGCAAGTC
R ¢ F §s G A GA RV A C QM QA I DEULIRHEV QT QV

CACGCCATGAGCCATTACAACAAGCACTTCGATGGTTTGCATGACTTCGCCCACATGTACGACCGGGTCTGGTACCTCTC
H A M S H Y N KHF D G L HDF A HM Y DRV WY L S

GGTACCCAAGTCCTATATGGACGATGCGCGGACCGCCGGTCCGTTCGAGTTCCTCACCGCCGTCTCGTTCTCCTTCGAGT
v P K $ Y M DD ARTM AGU?®PVFEVFULTAV S F s F E

ACGTGCTGACCAACCTGTTGTTCGTACCCTTCATGTCCGGTGCCGCCTACAACGGCGATATGGCCACGGTCACCTTCGGT
Yy vL T N L L F VP F M S GAAYNGDMA ATV TF G

TTCTICCGCGCAGTCGGACGAGGCGCGGCACATGACCCTGGGTCTGGAAGTGATCAAGTTCATGCTCGAACAGCATGAAGA
F s A Q 8 D EARUHMTULGULEV I KFMUL E QUHE D

CAACGTGCCCATCATCCAGCGCTGGATCGATAAGTGGTTCTGGCGCGGTTACCGCCTGCTGACCCTGATCGGCATGATGA
N v P I I Q R W I D KWUF WRGYRILULTULI G MM

TGGACTACATGCTGCCGAACAAAGTGATGTCCTGGTCTGAGGCCTGGGGGGTCTACTTCGAGCAGGCCGGTGGCGCGCTG
M D Y ML P N K VM S WS EAWGV Y F E QA G G AL

TTCAAGGATCTGGAGCGCTATGGCATCCGGCCGCCGAAATACGTCGAGCAGACCACCATCGGCAAGGAGCACATCACCCA
F K DL ERY G I RPUP K Y V EOQTTTIGIKEHTI T H

CCAGGTGTGGGGGGCCTTATATCAATACAGCAAGGCCACCAGCTTCCATACCTGGATACCCGGCGACGAGGAACTGAACT
Q V W G A L Y Q Y s K AT S F H TWI P G D E E L N

GGCTGTCGGAGAAATACCCGGACACCTTCGACAAATACTACCGCCCGCGCTTCGAGTTCTGGCGTGAGCAGCAGGCCAAG
W L s E K Y P DT F D K Y Y R P RVFEF WRE Q Q A K

GGTGAGCGCTTCTACAACGACACCCTGCCGCACCTCTGCCAGGTGTGCCAGTTACCGGTGATTTTCACCGAGCCGGACGA
G ERF Y NDTULUPBHBBILTCOGQVCOQULU?PVIFTETZPUDTD

TCCGACCAAGCTCAGCCTGCGCAGCCTGGTGCACGAGGGGGAGCGCTATCAATTCTGCTCGGATGGCTGCTGCGACATCT
P T K L 5 L R S L V HEGEI R Y QF C S DG C C DI

TCAAGAACGAGCCGGTGAAGTACATCCAGGCCTGGCTGCCGGTGCACCAGATCTACCAGGGCAACTGCGAAGGCGGGGAT
F K N E P V K Y I Q AW UL PV HOQTI Y QG NCEG G D

GTCGAAACGGTGGTGCAGAAGTACTACCACATCAAAAGCGGCGTGGACAATTTGGAGTACCTGGGCTCGCCCGAGCACCA
vV ET V V Q K ¥ Y HI K S GV D NILUEYL G S P E H Q

GCGCTGGCTGGCCCTGAAAGGTCAGACCCCACCAACTGCCGCCCCGGCGGACAAGAGCCTGGGCGCCGCCTGAGGCAGCG
R W L A L K GG Q T P P T A AP A D K S L G A A

CCAGCCGCTCAGGGGTGAAGCACCGCCCCTGAGCCATTCCAAGAACAAGAGGTTTCGATCATGACTGTCAACTCAATCGG
pheA5-->M T V N 5 I G

CGAATACACCGCCACGCCACGGGATGTGCAGGCCAACTTCAACGGCATGCAACTGCTCTACCTCTACTGGGAAGAGCACC
E Y T AT P R D V Q A NF NGMZOQUL L Y L Y W E E H

TGATGTACTGCTCCGCGCTCGCGTTCTTGGTAGCCCCCGGCATGCCCTTTGCCGAGTTCCTCGAGCAGGTGCTCAAGCCC
L MY C 8§ A LAVF LV AP G MUZPVFAZETFLEUOQV L K P

GCGATCCACGCCCATCCGGACAGCGCGAAGATCGATTTCAGCCAGGCGCTCTGGCAGCTGAACGACCAGCCGTTCACCCC
A I H A HP D S A K I DT F S QAULWAOTLWNUDU QU®PTFTFP

M4-11 -—%Hzx-
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2400
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2880
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3200

3280
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GGACTACGCCGCCAGCCTGGAAGCCAACGGCATCGACCACAAAAGCATGCTGCGTCTGAACACCCCGGGCCTGAACGGCA
DY AA S L EANG I DHI K S MILURULNTU®PGL NG

TCCAGGGT TCGTGCAGCTGAGAGGTGTGTCATGAGTTACAACGTCACCATTGAACCGACCGGCGAAGTGATCGAAGTGGA
I ¢ G 8§ C s pheA6-->M S Y N V T I E P T G E V I E V E

GGACGGCCAGACCATCCTCCAGGCCGCTCTGCGCCAGGGCGTCTGGCTGCCGTTCGCCTGCGGCCACGGCACCTGCGCCA
P 6 ¢ T I L Q A AL R QG UV W L P F A Eﬂ G H T [c]l a
Conserved amino acids in ferredoxin
CCTGCAAGGTGCAGGTGGTCGAGGGCGAAGTGGATATCGGCGAAGCCTCGCCGTTCGCCCTGATGGACATCGAGCGCGAC
T II K V. Q v V E II E V D I G E A S P F A L M D I E R D

GAGCGCAAGGTGCTGGCCTGCTGCGCCATTCCGCTGTCCGACCTGGTGATCGAAGCCGACGTCGATGCCGACCCGGACTT
E R KV L A[]c AT PLSDULVIEA aADUVUDA ATDTEPTUDTF

CCTCGGCCATCCGGTGGAGGATTACCGGGGGGTGGTCAGCGCCCTGGTTGACCTGTCGCCGACCATCAAGGGCCTGCACA
L 6 B P VEDYR GV V S$ AL VDL S P T I K G L H

TCAAGCTGGATCGGCCCATGCCGTTCCAGGCCGGGCAGTACGTCAACCTGGCATTGCCGGGCATCGACGGCACCCGCGCC
I K L D R P M PI[F Q A G Q@ Y V N L A L P G I D G T R_A
FAD-binding site
TTCTCGCTGGCCAACCCGCCGAGCCGGAACGACGAAGTCGAGTTGCACGTGCGCCTGGTCGAGGGCGGTGCGGCCACCGG
[F s L. A N/P P $ R N D E V E L HV R L V EGGAA ATG

CTTTATCCACAAGCAACTGAAAGTCGGCGACGCGGTGGAGCTGTCCGGGCCTTATGGGCAGTTCTTCGTGCGCGATTCGC
F I H K ¢ L K v 6D AUV EULSG?P Y G Q F F V R D 8§

AGGCCGGCGACCTGATCTTCATCGCCGGCGGCTCGGGCTTATCGAGCCCGCAGTCGATGATCCTCAATCTGCTTGAACGC
Q A ¢ p L 1[F I A G G S G L 85 5 P ©0 s M I L N L I E RJ
NAD-binding site
GGCGATACGCGGCGGATCACCCTGTTCCAGGGCGCGCGCAACCGCGCCGAGCTGTACAACTGCGAACTGTTCGAGGAACT
[ G D T R R I T L F O G A R N R A FEF 1., Y N CUE L F E E L

GGCCGCGCGCCACCCCAACTTCAGTTACGTGCCGGCACTCAACCAGGCCAACGACGATCCCGAATGGCAGGGTTTCAAGG
A A R HPWNV F S Y VP ALNIQANUDUDU®PEWOQG F K

GCTTCGTCCACGACGCCGCCAAGGCGCATTTCGACGGCCGCTTCGGCGGGCAGAAAGCCTACCTGTGCGGCCCACCGCCG
G F VvV H D A A KA AUHUPFPFD G RF GG Q KA Y L C G P P P

ATGATCGACGCGGCCATCACCACCCTGATGCAAGGTCGCTTGTTCGAGCGCGACATCTTTATGGAGCGCTTICTACACCGC
M I p A AITTLMOGQGIRULFERDTIUFMEIRT FY T A

CGCCGATGGGGCCGGCGAGAGCAGCCGTTCGGCCCTGTTCAAGCGCATCTGAGGTGAACCATGAACCGTGCCGGTTATGA
AD G A G E S5 5 R 58 A L F KR I

GATTCGCGAAACGGTCAGCGGCCAGACGTTCCGTTGCCTGCCCGACCAGTCGGTGCTCAGTGCGATGGAGCAACAGGGCA
AGCGCTGCGTGCCAGTCGGTTGCCGCGGCGGCGGCTGCGGCCTGTGCAAGGTGCGCGTGCTGAGCGGCACCTACCAGTGC
CACAAGATGAGTTGCAACCATGTGCCGCCGGAGGCGGCCAAGCAGGGCCTGGCCCTGGCCTGCCAACTGTTTCCCCAGAC
TGACCTGAACATCGAATGCCTGCGCCGCCAAGGCCCGGGCGACCACAACAACAAGAACCAGCAAGAGGTGTCGTCATGAA
AAAAGGCGTAATGCGCCCCGGTCACGTCCAGCTTCGCGTACTGAACCTGGAGAGCGCCCTGGCCCACTACCGCGACCTGC
TCGGTCTGATCGARATGGACCGCGACGAGCAAGGGCGCGTCTACCTGAAGGCCTGGACCGAGGTCGACAAATTCTCCGTG
GTGCTGCGCGAGGCCGATCAACCGGGCATGGATTTCATGGGCTTCAAGGTGATCGACGAGGACTGCCTGAACCGCCTGAC
CCAGGATCTGCTCAATTATGGCTGCCTGATCGAAACCATCCCCGCCGGTGAACTCAAGGGTTGCGGTCGGCGGGTGCGTT

TCCAGACGCCGTCCGGACACTTTTTCGAGCTC
Sacl /

H4-11 —Hz-
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#£4-12 <N FaryR-ixvr7z/—-VeFuxy5—¥H
N7 I/ BRENOHRENY

. ~ PheAl~PheA6
BIET 37;;"7‘]‘ TI/B ¥EESTFE %eﬂf/ﬂ{—e}i\yl‘

5 4 (KDa) 3T A (%)

Pseudomonas sp.
CF600 *
dmpK 276 (746-1021) 92 10.6 100.0
dmpL 993 (1077-2069) 331 38.3 100.0
dmpM 270 (2076-2345) 90 10.5 100.0
dmpN 1551 (2360-3910) 517 60.5 100.0
dmpQO 357 (3981-4337) 119 13.2 100.0
dmpP 1059 (4351-5409) 353 38.5 99.7
Pseudomonas
putida P35X ®
phhK 276 (655-930) 92 10.6 96.7
phhL 993 (986-1978) 331 38.2 99.7
phhM 270 (1985-2254) 90 10.5 97.8
PhhN 1548 (2269-3816) 516 60.3 96.5
phhO 357 (3887-4243) 119 13.2 08.3
phhP 1059 (4257-5315) 353 38.6 88.7
Pseudomonas
putida strain H ©
phiX 276 (244-519) 92 10.6 95.7
phiL 1026 (542-1567) 342 39.3 994
phiM 273 (1574-1846) 91 10.7 96.7
PhIN 1548 (1861-3408) 516 60.4 96.1
phio 357 (3479-3835) 119 132 983
phiP 1059 (3849-4907) 353 38.5 88.7
Acinetobacter
calcoaceticus NCIB8250 ¢
ORF1 288 (139-4260) 96 11.3 96.7
ORF2 999 (448-1446) 333 38.4 99.7
ORF3 267 (1462-1728) 89 10.1 97.8
ORF4 1533 (1789-3321) 511 60.3 96.5
ORF5 360 (3418-3777) 120 13.8 98.3
ORF6 1050 (3792-4841) 350 39.0 88.7

Accession number : a ; M60276, b; X79063, ¢ ; X80765, d ; Z36909

HEWkEOT -5 dH o7z, BHREBRKROPEALEIER > L /- EHHRLEIE L To%
L7z#kTH DO, T/, CF600RIZA ¥) AD a— 2 XIFREBME T 5 ¥ + o HFHHRD
LRI N R THDY, MESHEHICHEL - BI P OFHINTHTHLEILLS,
WEEFIERIE 2o TRBELDDOTHNIEZOMRBIIERNLEL bLb, BT,
phhiBIRFIZY Y HR—=VT, phhBIEFR LapBETFIX F A4 Y CHBES N -BIEZFTH
D, FREFIRELZERLZTFICHRPREHBICE > TOH/LTH B EHHL 2
Eolz,
CHhiZx LT, BIE T TIT. Pseudomonas sp. EST1001®, P. pickettii PKO1?,
Trichosporon cutaneun®f K DY ¥ ¥V a v F— i v P OPHEEFIBE S L T WA,
b & phe ARIEF DA, HEELRFEUI—-3RDLNE o7,
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BT, pheAl~pheA6il a2 — FENB L YRS NIEZLEHNT I JEREFIE T, *E
OV BREETo7 & A, P. mendocinaKR1D bV LV 4% ) ¥ 5 F — %0 P,
pickettiiPKO1® b VL ¥ 3-F / * % ¥4 F — ¥ U Methylococcus capsulatus (Bath)*~?%
% \» ¥ Methylosinus trichosporium OB3b"™ DA ¥ V& ) 3 ¥V 4+ —¥ED VF a3V R—
AVIMNEIZAFXTVSF-ERHEOHRABITRRI N, REFERPL, Chb0FFTF
F— PR EDREARTHROBELOBRLR4-12ICT LD, — RIS, T F T R—
FUVPDFXVSF- BRI L BZFFRICEWOBRIL TR, R4-131T/RF £ 51X, NADH
PNADPHE DE TGP S, AFTVFVF I ¥ —ERU 72V FFI UV 2BTHFY
5 —ERAS~NEFPEEIN, CORTHEELBILT A LPFHAL D ELZ 5T S

9o 53HE L7 pheARIRTF IC
2 — F % 17 PheA2k OF
PheAdi., MMV T V4-EJ
AF YL F—ERUAY Y
B/ ARV F—EOT R
YYF— ¥R TH B

FVI3E/IFRIHFP-H A1 uas v A2 (o}

thu genes =N HIER S SIS SHIII ===

501 86 111 104 329 334

VI 4/ ZX5F—H A B C D E F

tmo genes == RS NS N T HIR S S S HIMIIMIR ===

500 84 112 103 327 326

>

TmoE. TmoAX FMmoY. 7z/-stknis5—+ Al A2 A3 A4 A5 A6

MmoX &L BRfER FE T Y —
REDLNT, FRH.
PheA2J: U'PheAdiZ. PH®
FEUSF - CRSEZL
bNd, F7-. PheAbld.
NV AE)FXTS
FT—E¥RUA T VEIAF
VI r—-E¥0FFTFYY
2 5 — ¥ PS T % % TmoF
EUOMmoCt B Wk ED
TV—hHh, Tobich x>
Ly ZEEFERYOF X ¥
P —EDR—EoLEVE
FQIV—-kFTHILEbDY
o272, THHDEFICIXZ, N
KEFRIC 700 S5+ ¥

phe genes I S S S NIIRSA NSO O HIIIIE——

XS I XX F—H X Y B Z oy c

mmo genes ARNSSNNS SRS XUS ST - OIS

527 387 141 170 108 348

A A A T

e¥7azy b AY¥Tazy b yHTazZu b
NADH: 7z L K% >
AXOHFF-HLK-2L b EE P AE &4 Eod
= % Sl B

B4—12 72/—NeFOFIS5—VEIVFavE—2Y}
XV EEHE OB LDORE

Nerit, BET I/ BBEXK

OH
NADH+H*_ ,Reductase _Ferredoxin Terminal H
(ox) (red) oxygenase | H
(ox) - _
NAD* Reductase Ferredoxin Terminal |
(red) (ox) oxygenase
(red)

HW4~-13 <rFarvrf—ixv EEFELARAXT Y-8
AT ADWIE
RED: BLE, OX:EMLE
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ATDT7VERY VSMEFEDADDY AT A4 VIREBRESI L, CRGEHRRICBNTH

¥R ¥ 75— EHAORFRIINED b9, F7:, FADRUNADEEERL & A5
NAZFROBOLNIT LHHY, PheA6id 7=/ — Ve FOxY 5—-EilBF S+ F
FV¥7 5 —¥lBEeELLND, —H. PheA3L TmoDR U'MmoBD [ IZ b §§\ k€ T
V—HFBD LN, FOHRBOHREET TREo TV,
Q) pheABIZF P L EE I N L BH O

I THRONBERS LY, pheAB{RT #710.6kDa, 38.3kDa, 10.5kDa, 60.5kDa.
13.2kDa U38.5kDaD 6D D BEHBS o bV F AV F— 2 P OBE2 I—-FL T
WaEHESI NS, THEHRETL DI, HETFHAX R TLEAFMABRRE
Oliff TRELTWAENEIDPZANDBLIEIZL, 7. ST, H4-14CRL
6.1kb Sacl¥ff i D HIREER WK 2 £ 1c, ABROZEBHES 2 23— F L 290848, By
ODEERLETINBEFRADOFIREERHILDNAK A 28R L, % ODNAKWH % pUCIS R UF
pUCIONY T2 O ==V & L1z, ZOFE R, pheAl~pheA6%s & NENBIHTHED LE 2
bhbiier 79 X3 F, pYPB61, pYXI131l, pYK81, pYXI81, pYBES1 R UpYSi41% 1%
BT LRI LI TNLDTTIAIFIR, R7 Y —Olac/ T E— 5 —OFEMALHMA &
BEFOEEFMIF—ET A L)X, ac7TE—F —OTHICEDNAKH A ST
BH, IPTGOFRMICE D lac7 0 E —§ —DHEHALIC L ), EEBAETHFHEREIRBHT
XD L ICHELT,

b i 4 3 ¢ 3 &b
h

PbeA ORFs F phed pheAs

heAl hfhm
pheA3 pheAS

S D SmB psS p Bg XPvSmpPvEv sms SC
Pv

pYPB61 E-J PheA1(10. 6KDa)

pYXI131 [_::1 PheA2(38 3KDa)

PYKSI _‘:1 PheA3(10.5KDa)

pYX181 I—:l PheA4(60.5KDa)

pYBES1 'E:—f PheAS(13.2KDa)
Ys141 —"

)

PheA6(38.5KDa)

H4—-14 SacliFOHIRBEEBENEEORF 2RFTLTIRI FOBAKH

B: BamHI, Bg:Bglll, D: Dral, Ev: EcoRV, K:Kpni, P:Pstl, Pv:Pvdl, S:Sall, Sc: Sacl,
Sm: Smal, X: Xhol



12345678910

i i . ‘H/
= Jmmmu« “.:a%%
‘ b |‘66

M

Hll

¥ 4 r HM“H”

K4—-15 HB2EDEETSEHEDSDS-PAGES I

1: E. coli IM109 (pUC19), 2 : (pYS61[ pheAl1~A€]), 3 : (pYPB61[pheAl]),
4 : (pYX131[pheAZ)), 5: (pYK81[pheA3]), 6 : (pYX181[pheA4]), 7 : (pYBES1
[pheASs]), 8 : (pYS141[ pheAd)), 9,10 : Molecular size standards

KHEix, avira—) (L=v1) KEODLLZWAY FERT,

R, BONTHBZTIAI F2REETAE coli b AE SN A5ZEH %, SDS-PAGE
W& DT L7z ZORRER4-1510R T o pheAZ{E % &1 pBH4001 (Lane2) % RFFT
BEcolidb Dix, 3t a—)v& L THkEL 72pUC19 (Lanel) DA %{R¥KFT % E. coli
CRBUIY Y FIVOKEINT — v Lid, BEe2EEONY FIERERTEZ, Thb
DAY FIIPHOZEZEHBES D b O LEZ 6 L, $§1240kDaf U60kDafd 3L 2 iV /3 F ¥
BN, AT H A XDEAMN, pYX131 (Laned) R UpYX181 (Lane6) %{R¥FET 5
E coli?»b bii< BIEL TR LIREOLNE, COWMEHIZ, PHOA ¥ ¥ 5 F—¥ 1
YR —% v b EHEFE L7-PheA2 (38.3kDa) J U'PheAd (60.5kDa) D HEESTH A X ki3
=B L7 CORR. pheABZTFEHE L EGpBHA0I 2 HX, FELTHF VST F—¥
AVER—ZVIPRKEBICEEIRTWVWBE I L b 272, pYPB61 (Lane3) & UpYBES1

(Lane7) % 1R¥#¥ BE coli®> b DI, F£IT10kDafd¥Lic, & 7z, pYS141 (Lane8) % fR¥#F
F BEcoli® b DiE, 40kDaftiEica v PO — VR BNV FEHBRAL, Chbid
PheAl (10.6kDa) . PheAS5 (13.2kDa) & U'PheA6 (38.5kDa) DD T H 4 XL 12iT—
HL7e —7F. pYKS8L (Lane5) %{R¥FT BE. colit¥, PheA3 (10.5kDa) &Ex bbb/
FEAHC, #DUEREDDFH A4 X (22kDafith) DAY FERE LAz, Shi,
HHOEBAD _EAPREINIZbDEEZLND, 2D L) LZERER LR THIL,
MVIVEIAF VST —EOEAGTHOBICHOROLNTE )Y, C0GE, Z&6FF
BREESN-BAR, 72V FF Y YavR—2V FThotn
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FPHO KX EHBST (PheAl~PheA6) DMEEDTFH A XNEWGTFHA XDEAN:, £
NENENCRLZ22MBITIAI P ERRETSE colik WAEEINI-C DL, FEEE
HINITHELLBI)IINFIAVE-—ZVIOBETHLIEIEEN o7, L
L. EBICSDS-PAGEIC & ) Bl S N /- S EEBT . pheARIZTF 26 DERE - BFRMp T
HHTELETEHTH20II, CBEL LT, FSEABRSONKET7 3/ BEF 2 e
L. 2OBFIPHET I /BREH L KT I L 2HRTILESDH S,
$4E HFO-N23-TFAXIHF-EBIZTF (pheB) DR

pheBBIZE FDIREEFIOBITIE, FICFHADP 79— =V 7L 7:pheBEIZFE2E LM
279 A3 FpBHS00%2 i, TG ELEZRK - WELDOIV—TIZL o Tifrbh
720 & D& R . Pseudomonas sp.CF600%k @ 7 = /) — V5 % R B15F O C0&ETF

(dmpB) & & O¥EFHEHIHF100%FA LTHB Z EHLP Lk o TV B9, Z0BEF
i, SFE3S000DEHRI—F L, FNIVSBRROyIER T 7 ¥ L 53 HEFRnahHE B
WHIEME R L 7259,

#S5R T 1/ -InREIEE(ET (pheR) DEEAT
(1) 7 = 7 — VR EIEEIETF (pheR) DRLEBHE

BB BT, pSI045 LI 7 = / — VR BEFORBRSEFE TS LEHEL
72 £ZT. 72/ —VORBREETFOFHBEERLHL T 70T, KEEFROHE
BIZFOHFEITI L& L,

¥ 3\ pS10-45DFA W i L TpheRBIZF OAULE L HEE T 57201, [H—EERS TpheA
BIZF & £ 0 L¥ OFEE ODNAKH 2 AN EUHORLE 52X ¥y —2HWTKBEP T
€T, PHEWMR2RIET 52 & L L7z, H4-161I/RT & ) ICphe ABIZ FE1T 2 &
Sacl 6.1kblTH % X2 # —pKT230ic %77 u—=> % L, pBH4201 Z/EBL L, RIZ. pheA
BEF LR DA 2 KE & ODDNAKTA % pS10-45 &% UpS04-927* 5pUCIONCH T2 1 — = ¥
FUTHBRATIAI FEEEL, WEABRICE Y ZOM TS5 A3 FEE—EEE coli
IMIO3BR) THAE & &, PHIEMORIE 2175720 %8, & 2Tk, C3OMBEERZE Av
7-PHIGHHIEE #RA L2 720, pS10-4504% b h 12, C230:815F (pheB) &% 2w
pS04-92 % IEMEHE W HE L7ze 7= / — NV THE L 72pS04-92% 835§ 3 E. coliDPHIE M
(30.9nmol/h/mg of cell)iZFEFH W ICHE RBWIEH 2 RIA L, /2, pheAV B CTHEAET 2
pBH4201 2 R ¥ T B E. coli®) b D (1.8nmol/h/mg of cell) L JLBL T, 1MER OBV IFH LR
L7zo CORKRD. pheABEF LK 7 2 ) - VEET CpheABEFE2B VANV REHR
SELHMBIETFOHFELEIFHL TS, HLOMASHED ) L pBHA201 &£ pBHA053
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phe R wmmh. phe A
PHIGTE

(nmol/h/mg of cell)
pS04-92 IH( 1\141}4 (fh“a IX}( ){/M 1‘\4 L LisHb+Phenol
MO0 - ] }l\ll”ll [T <1.0 30.9

P PH P PH PP
c o
pBH4201 DI 1 1.0 1.8
Coexistent with
pBH4201
K B
pBH4014 pL .} 17.3 184.5
B
pBH4051 Bi - 14 29.1 157.3
B
pBH4047 P 4.5 7.3
H B
pBH4053 ——4 29.1(<1.0)221.8 (<1.0)
H
pBH4046 » E:JH 1.8 2.7
B
pBH4005 >P|:1 2.7 2.7
I S S B .

®4—-16 TIA3I FAMEOPHIEH & pheRBIZTDHEEME

FEALAE, pBHAOS3 BB DIFEM 2 IRT o

D pKTB0LD A F 24 ¥ YRERIETF 70 E— 2 — D)5

P pUCIBH 5 idpUCI9 LD Iac/ B & — ¥ — D Fi[E

B : BamH]I, C: Sacl, H : HindIll, K : Kpnl, M ; Smal,P: Psfl, X: Xhol

DIEFREDT = ) — VHEECR A N221.8nmol/h/mg of cellZ /R L7z T &2 b, pBHA4053

DI ADNAWTH E I pheRDSSEELRILTHAET B LHEE L 720

(2) pheREILT DIEFLBLFTRE
mmﬁﬁ%wﬁ%&ﬂ%&%?%tbu\if\wﬂﬁﬁ%wﬁﬁﬁ%%ént

pBHA053 ® Sphl-BamHI) 4.0kbWT 1 % HE DU 1< 573 L pBluescriptll SKIC Y70 -

SV T RTW, BT 4 . 2 . Okb
= RS 3 & pheR heA ==
5 A 3 FpSK110PR U A
pSKlSOP% B L7, P/Sp Fi(1942) Ev SQ\S\p/Bg Sm B
LINLTIRAIFOH {L
& X 4-1712 7 pSK110P* —>
&% H AT R f e— >,Ammmm
. CNLDTIRAIF | ko BERFIRES ST
~ P Ev

BPHEFY) -V arT TR

P — P Ev— P

L DSK180P" 1 ] psaoer

I FPAEEEL. o
7523 F5EHL T, M4—17 pheRREFOHENME LIEXENOBINICERLLZTIAIFN

o pSK110P*, pSK20EP# pBluescript SK+% pSK1107, pSK90EP, pSK180P" it pBluesecript
pheREEF D HEIHEF D Z(ép% a’;{z- =y yRy s - LTERA L RENGEARFIRES N, Pl X
B BRIEF DEEEFH M % /KT, P: Pst], Sp: Sph1, Ev: EcoRV, Sc: Sacl, Bg: Bgl1I,
m*ﬁ‘ * 4]' 272 Sm: Smal
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Bl4-18ICiRE S N FF R T o COBFIZBEITL 2L A, pheABIEFOEE M &
BAFMEEIC, X2 VI F F(at) 682~237012 0213 T168%bpD A —F > V—F 4 ¥ ¥ 7L —
A (ORF) #@E¥H LN, TOORFRLIECENBEEAIE, 5637 I VEE» & 7% 563.3kDa
DFFH A4 X 2O LEHE SN/, ZDORFOERIC X, nt667~ 671 P. aeruginosa® 16S
RNAD3I R & AT H2 Y XV~ A E5HAL (RBS) RO LNTz, F7:. nt600~
670\ THHEDE. coltf§FE D70 £ — & —FFH] (351072 E—% —) DA%, nt6ll~
6181Cix. P. putida®» 7 u ¥ — % —EH| bR DO 7z EIT, nt364~3765 Unt 421~ 464
Wik, LITLITHI Y 37 o AEALICRBO o s RAERFEE RO bhi, DLo
MRL Y. pheRBIZTF BPHEET (pheA) D LEHICHEME CHFELET L BIEZFTH L LE
E L7

COBETIE, FT 0 I -REDOHKR. %LiCShinglerb BHOLPIC LAY XA F VT =
J = Vi R OGIHBE FdmpR? E B VR SR E T5 2 L% o7z, ApheREBIET
DELFY & Pseudomonas sp.CF600) dmpRDIFE EFLF | 2 L 7- & & 5, WEZEFHDES]
2. ORFAATHTNICEWEA S L2d DD ([M4-18, nt 2391 ~2407#FHP) ORFAIT i
100%—3T 5T LBbhol, BICFHLDPREL pheABEFICBVWTH, FEGED
CF600%%k D dmpKLMNOPRIZF £ 1008 WAERE 2 /R L2 C L 22 b ¥ 5 & WAk
DEETE7 =) - VHREETFHEL, SRCE> TRENCR—DbDTHELEELD
Nb, ¥/, pheREEFOHEERI S VB I NHEBN T I JBRECHI 2 I, sE 1
*‘)—*ﬁﬁéﬁo 722 A, FREHMP. putidamt-28RD VL V55T T X I FTOL
EWWONIZ 2 — FEN7EIH ¥ Y 7 XyIRPL6T%D R EU V-2 FHO T L dtbhotz,
MELDHET I /BEFIOT T4 2 7+ 2R4-19127R T RELICLIE, XylRiZ, 7
I KRS A IVEFVERE RN TA, B, C. D&KL 724D D5ER(domain)
N> TWBEEEZLNT WA, Domain Ald, OMEEIMENBZTTCH Y, 7
2 /= VRMVIVEDOEEOBBEFFLELOBEVFIRE ENT VS, XITL 3
DomainBit, 4FICBHRR X N2 #Ee 2o Tz was, SAM7 I VBB EL N E
5. DomainA £ DomainC% 2 % CEE LB TH 52, DomainCld, o *HF ## o 7-RNA
RVAS —ELEHEMBERTAHEEATH ). ATPHE A B 2 &4, ATPONIKS RIS
WKEoTHBLRAEIANVF—%RNARY 25— EBIREL, BE2EMET2LEXH
nNTwa, &b I NV FEF VKB ODomainDIX, helix-tumn-helix DDNAKE S E F — 7 HF4E
L. SN RBEF O+ XL — 5 —§RCHET 5 L RAS ATV, © OFREEICT
= /) = VRBIETOHEADOE TV EHEE L, F4-2012RL 72,

T/, COXyIRIZ, NeC7 73 ) — L RITh 2 EDHBEEAYO—BTH D,
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CCCGGGTCTTTCGGCAAGCGGCGACCGACATCGCCGAAGCGCCACTTGACCATGTCGTCGTCCACCGCCTTGGCCATCGC 80
Smal/

TTCGTCCATTGCCACCACGCGGTTGTGCTGGCAAAACTTCACGAAGGCGTCTTGCGGCAGCACCAACTCGACGAACAGCT 160
CCGGATGACCAATGGCGAAATCGAACTCGACGAACTTGGCTTCTGGTTCGCTGCGCACACGGATGTAACGAGTGAGCTGA 240
TCGAAAGTCGGTGTGGGGGTATTGGTCACGGTCATCTCCAGGTTGGCGGCTTGCGCAGGACATCAAGCAACGGCTGTGCC 320
<-- pheA
_.———> <___-
AAGGTCTGAAAACAGACTTCAAGGTATTGTTTTTCAATGTGTTTCTAATTTTTAGAATGATCGGAGCGAGCGAAATTAAG 400
______________ - > = = mmee mm————————
CCGCGCTTGCGCAGACTTTTTAAGCATTTGATCAATTGCCCAAGGCCGCTTGAGCAAATGCTTATGGCGCAGCTGAACGC 480
TGATCTCTAATACTAAAATCACTGCCGTCGATTGATCATTTGGTTGACTTTITGCCAGATACTGAGGCTGGCTATGGGGAG 560
-35 -10
CTGGCGCAGGTGAAAAAACTGCCGATTTTCCCCATGACCCCATCTGGAATCGCCGCCTGCCTTGCGCTATAGCGGCGACC 640
-35 -10
-35 -10
CTGATTTTCCCCATCTAAAAATAAATAGGGGCCTCGCTTACATGCCGATCAAGTACAAGCCTGAAATCCAGCACTCCGAT 720

pheR --> M P I K Y K P E I Q H S D

TTCAAGGACCTGACCAACCTGATCCACTTCCAGAGCATGGAAGGCAAGATCTGGCTTGGCGAACAGCGCATGCTGTTGCT 800
F KD L TNLTI HPF Q S M E G K I WUL G EQRMULL L

GCAGTTTTCAGCGATGGCCAGCTTTCGCCGGGAAATGGTCAATACCCTGGGCATCGAACGCGCCAAGGGCTTGTTCCTGC 880
Q F s A MA S F RREMV NTUL G I ERAIKGIL F L

GCCATGGTTACCAGTCCGGCCTGAAGGATGCCGAACTGGCCAGGAAGCTGAGACCGAATGCCAGCGAAGTCGGCATGTTC 960
R H G Y Q s G L K b A EULARIEKILIR RPN ASEUV G MTF

CTCGCTGGGCCGCAGATGCATTCACTCAAGGGTCTGGTCAAGGTCCGCCCCACCGAGCTCGATATCGACAAGGAATACGG 1040
L A G P O MH S L K GL VKV R P TELDTIUDI KEYG

GCGCTTCTATGCCGAGATGGAGTGGATCGACTCCTTCGAGGTGGAAATCTGCCAGACCGACCTGGGGCAGATGCAAGACC 1120
R F YA EMEW I D S F EV E I CQTUDULGOQMOQD

CGGTGTGCTGGACTCTGCTCGGCTACGCCTGCGCCTATTCCTCGGCGTTCATGGGCCGGGAARATCATCTTCAAGGAAGTC 1200
P V C W T L L G Y A C A Y S S A F M G RETI I F KEV

AGCTGCCGCGGCTGCGGCGGCGACAAGTGCCGGGTCATTGGCAAGCCGGCCGAAGAGTGGGACGACGTTGCCAGCTTCAA 1280
$§ ¢ R GG C G GD K CR VI G K P AZEEWUDUDV A S F K

ACAGTATTTCAAGAACGACCCCATCATCGAGGAACTCTACGAGTTGCAATCGCAACTGTTGTCGCTGCGTACCAACCTCG 1360
¢ Y F K N D P I I EEL Y ELQ S Q L L 8 L R T N L

ACAAACAGGAAGGCCAGTACTACGGCATCGGTCAGACCCCGGCCTACCAGACCGTGCGCAATATGATGGACAAGGCCGCA 1440
D K Q E G QY ¥ G I G QTP AY QT V RDNMMMDIK A A

CAGGGCAAAGTCTCGGTGCTGCTGCTTGGCGAGACCGGGGTCGGCAAGGAGGTCATCGCGCGTAGCGTGCACCTGCGCAG 1520
Q G K VvV s v L L L G ETGV G K E VI AR SV HULR 8§

CAAACGCGCCGCCGAGCCCTTTGTCGCGGTGAACTGTGCGGCGATCCCGCCGGACCTGATCGAGTCCGAATTGTTCGGLCG 1600
K R A A E P F V AV NCAATIUPUPDIULTIUESUE EULTF G

TGGAAAAAGGCGCCTTCACCGGCGCCACCCAGTCACGCATGGGCCGCTTCGAGCGGGCCGACAAGGGCACCATCTTCCTT 1680
v E K G A F T G ATOQ S R MG RV FEIRADIKGTTIVF L

M4-18 7= /—VoRuERIETF pheRDIEIED

Ecoli7RE—9—navt 4 AR LRT, Pputidd BN 7 — 4 —EHL ZETHRT,
HEDYFV— AEBUEL THRT, 7o, invenedrepeat ¥ BMREKNTENENTRL /2o # 12,
Pseudoimonas sp. CF6000 dmpRB{ETF & OMBMERT,

-56-



GACGAGGTGATCGAACTCAGCCCGCGCGCTCAGGCCAGTCTGCTGCGCGTGCTGCAAGAAGGCGAGCTGGAGCGAGTTGG
b EVIEUL S P RAQASLULTRVL QEGTETLTETRVG

CGACAACCGCACGCGCAAGATCGACGTAAGGGTTATCGCCGCCACCCACGAGGACCTGGCCGAAGCGGTCAAGGCCGGGC
b NR TR K ID VRV IAATUHEUDT LA AUEA AVI KA ASG

GITTTCGCGCCGACCTGTACTACCGACTGAACGTTTTCCCGGTGGCGATCCCGGCGTTGCGCGAACGCCGCGAGGACATT
R F R ADULYYRULNWVF PV ATIUPATLIZRIEI RI RIEDTI

CCACTGCTGGTTGAGCACTTCCTGCAGCGCTTCCACCAGGAGTACGGCAAGAGAACCCTCGGCCTTTCAGACAAAGCCCT
P L L V E HF L Q R F HQ E Y 6 KR T L G L 8 D KAL

GGAGGCCTGCCTGCATTACAGTTGGCCGGGCAATATCCGTGAGCTGGAGAACGTCATCGAGCGCGGCATCATCCTCACCG
E A C L HY S WP G VNTIURETULZENWVIEI RTSGTITITULT

ATCCGAACGAAAGCATCAGCGTGCAGGCGCTGTTCCTACGGGCGCCGGAAGAGCCGCAGACCGCCAGCGAGCGGGTGTCG
D P N E s I s V Q AL F L RAPEZEZPOQOQTAS E R V s

TTGGACGGCGTGCTGATTCAGCCAGGCAATGGCCAGGGCAGTTGGATCAGCCAGTTGTTGAGCAGCGGCCTGAGCCTCGA -

L p GV L I QP G NG QG S W I s QUL L S5 S8 G L 8 L D

CGAGATCGAGGAAAGCCTGATGCGCGAAGCCATGCAACAGGCCAACCAAAACGTCTCCGGTGCCGCGCGCTTGCTCGGCC
E I E E S L M R E A M Q Q AN QN UV S GA ARULULG

FHEEEEE
TAAGCCGACCGGCACTGGCCTATCGGCTGAAGAAAATCGGCATCGAAGGCTAGGATCTGTTGTCGTTTCATACGCGGCCG
L s R P A L A Y R L K K I G I E G

Fi44
CGCCGGAGCCTGTTTTTTCGCGAGGCTAGGCACGAGCCGTGAAGTCTGGTGGGCCAAACGAGCGGCGAGTAACGCGACTC

GCGAAAAACAGGCCCGGCCCTGCGGGTTGCGCGGGAAATGCCGCCAACTGTCGTTGTAGGACTTGGCAAGGGAACAACCA

TTACCTGCGTCCTACGCCTAACCTGGCGACATTTCTCGCTGCAACGCGGCTCGCGTTGAAACGGCAACAGACCC

M4—-18 -—H&—
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DomainA (64%)

PheR(563aa) MPIKYKPEIQHSDFKDLTNLIHFQSMEGKIWLGEQRMLLLOFSAMASFRR
XylR{566aa) MSLTYKPKMQHEDMQDLSSQIRFVAAEGKIWLGEQRMLVMQLSTLASFRR
*'. * %k % .*t * .**_. *.* . ************_.*'*..*t***
PheR EMVNTLGIERAKGLFLRHGYQSGLKDAELARKLRPNASEVGMF LAGPQMH
XylR EIISLIGVERAKGFFLRLGYQSGLMDAELARKLRPAMREEEVFLAGPQLY
*'.. .*.*****.*** kkkkkk kkkkkkkkkk * .******.
PheR SLKGLVKVRPTELDIDKEYGRFYAEMEWIDSFEVEICQTDLGQMQODPVCW
XylR ALKGMVKVRLLTMDIAIRDGRFNVEAEWIDSFEVDICRTELGLMNEPVCHW
.***_**** .** * ok k * *k******.i*.*.** *..****
PheR TLLGYACAYSSAFMGREIIFKEVSCGGCGGDKCRVIGKPAEEWDDVASFK
XylR TVLGYASGYGSAFMGRRIIFQETSCRGCGDDKCLIVGKTAEEWGDVSSFE
*.**** '*.****** khkk k kk kkk kkk _.** **i*.**.**
DomainB (52%)
PheR QYFKNDPIIEE| LYELQSQLLSLRTNLDKQEGQY| YGIGQTPAYQTVRNMMD
XylR AYFKSDPIVDE| RYELQTQVANLRNRLKQYDGQY| YGIGHSPAYKRICETID
***.***.'* ****.*_ .** * . .*** ****..***. « . 't
DomainC (79%)
PheR KAAQGKVSVLLLGETGVGKEVIARSVHLRSKRAAEPFVAVNCAAIPPDLI
Xy1lR KAARGRVSVLLLGETGVGKEVIARSVHLRSERAEQPFVAVNCAAIPPDLI
***.*.************************ * % .***************
PheR ESELFGVEKGAFTGASQSRMGRFERADKGTIFLDEVIELSPRAQASLLRV
XylR ESELFGVDKGAYTGAVNARAGRFERANGGTIFLDEVIELTPRAQATLLRV
*******.***.*** ‘_* **t***. ***********_****i‘****
PheR LQEGELERVGDNRTRKIDVRVIAATHEDLAEAVKAGRFRADLYYRLNVFP
XylR LOQEGELERVGGDRTRKVDVRLITATNENLEEAVKMGRFRADLFFRLNVFP
**********..****.***.*‘**.*.* * % k %k *******..******
PheR VAIPALRERREDIPLLVEHFLQRFHQEYGKRTLGLSDKALEACLHYSWPG
XylR VHIPPLRERVEDIPLLVEHFLRRHHKEYGKKTLGLSDRAMEACLHYQWPG
* **.**** **********i.* *_**kt.t***t*_*.t***** * %k
PheR NIRELENVIERGIILTDPNESI|SVQALFLRAPEEPQTASERVSLDGVLIQ
XylR NIRELENALERGVILTESNESI|{NVESLF~-~PGLATATEGDRLSSEGRLEE
% % %k * % Kk k .***.***._**** _*'.** . * __*.* .* * .
DomainD (65%)
PheR PGNGQGSWISQLLSSGLS|{ LDEIEESLMREAMQQOANQNVSGAARLLGLSRP
XylR -~ESGDSWFRQIIDQGVS | LEDLEAGLMRTAMDRCGQONISQAARLLGLTRP
.. .t*' *_. t.* *...t .*** **_. **.* iﬁiﬁiﬁ*.**
PheR ALAYRLKKIG~=~==~=— IEG
Xy1lR AMAYRLKKLDPSLSVKAMGR
*.******.. .

B4—-19 7x/—-V3BHHEBPeRE PV VY EHHES
XylRO#EET I / EFIO L&

TRIYARSEEA—T7 I /8%, Fy NSRT 3 /BERT, T/, FHIRNASKY
A G —~HoSAHEEMEERSBNE, TETHRREZEOANI Y I XA -8 =V =AY 9 I R
BERTERLTW S,

Pseudomonas?¥ DM B ICR 503240129 4 7O T O E— =R LEE X N5 BE
FREWT 27NV — 7B T D, pheABIZTF bEDBITER L )., FEIC241125 4 7
NT7OE—F —EFEFOZ L 25, PheREXyIRFAKE, NeC7 7 I Y — BT 2 E D)
WEATHDLEILND, Thift, AOFM S > N2 THBY FLyH—LRED, &
DEEFEBRETIILRIVEEEREO LARED RV, B, X9 2—F>D
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interaction -

transcriptional direction transcriptional direction

B4 —2 0 Pseudomonas putida BHERD 7 x J — VB RIZFFROFBEEF NV
OPit, 7/ - FRdy5—-¥RETFUTOBRERNNTOE—9 — /4 RV —F —FRETRT,

Shingler 5 13, dmpR#» & 53] & 1 2 {2 H DmpR N DomainA DKl B R —EHBLZE T L B |
IAFNT )= VEe@EBT ST &% {DomainCiZ ATPaseiFME % RO TV EY, T DR
2. DomainA % BEFILH¥MNFETINTL TSI ETEENFEETS I L% { pheABIET %
EHALTEB S L 2FERLTB Y, BENBENE LTCESHE OFRICK VIR OfFH
EoTWA,

F4E EW
7 x ) — VHREP. putida BHARO TCES BT LS h 57 =/ — ViR
BIEFHEHOI U=V VL Z0BMETY. RO L) 2HRLES

(1) P. putidaBHRRDOHefa k6, [REEH IR I FpVKIOZHWAIRAI Frr—=
VBT 2 ) - VREBETFEO I - v R RALECH, T/ —NVEE
CEXEBET, BREHIVIHELCEETIMARIKGEIE Nz, HIEREE
AL ), SHEEHONRMF AT A2MBAEIBONLEFDI), 7
yu—=y FLRBPERICLY, 72/ -V Fuxy I—¥#EEF (phed) K
UCHFI—N23-VA x4 F—EBIEF (pheB) DILEBRHEE L 720

(2) BONTHMBZIAIFDI B, 225kbDFEAM KR LICphe ABIZEFOA 2 G
pS04-92%% 1°19.6kb D Wi H- 12 phe AR{Z T 1IN 2 pheBELF O T B{RZTF b & pS10-
45 % AW L D P.putida KT2440NBEA L7- L 2 A, 7 =2/ - VEREHB THMT
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(3)

(4)

&3 EAHKRD, TRFNR20XI0% 13X I0YZBEHOBEE TEL N, 2D b,
P. putidaKT2440 (pS10-45) ¥, 7=/ —VHHE . IFEOELHETTI = /-
SBBRBRET oL h, BAKEIBHMARLIZZFASK 72 /) - VESRTEB T
Edbhot, T/, OB, EAKIBVWTHLBESZTHELZEL-CLd L,
pS10-45DIHAMTH LI 7 = /) — Wi RB{EF R OGH BEFHHFE L. KT24408%
PCHETAIZEFHLIE ko7

(1) THEL 2pheABET 2R ECHIR (6.1kb SadWffy) DIEHELF %%
LA, T L61120pDEFIHRIC6 DDA =TV V= F 4 77V —A
(ORF: pheAl~pheA6) % Bz, BHWDORFD LEFITIE, 24,127 T F—F —HF
FLEL., % 72, BORFERICE. colik U'P. aeruginosa® ') KV — L#EA LI (RBS)
bRES N7, BORFIZ, #0HET I /BES 25 2 Fh10.6kDa, 38.3kDa.
10.5kDa. 60.5kDa. 13.2kDa% U°38.5kDa®#&H (PheAl~PheA6) % I — F§ 5 LEF
Baxhi, —F, BEEINOFER V-RBREOERLI L, RBEEFI<VFI
R—RY D72/ =NV FO*xT—¥EILTF (dmp, phh, phl, acpBIZTFR) L&
WEREOYV—2FTHI LN Th ot $72. 73/ BEFIORE Y —REDKE
REID, WOPDTNVFarR—2V A4 +—EH (T3MO, TAMO, MMO
BER) DEIVE—F Y PEFEOI—FBROLN, CLOLOBEROIT Y K—
A7 POBEED SPhe A2R UPhe A4S 7 = /= Ve FU Xy I~ ¥DA T4+ —
I R—FXV b, PheA62 A F Y FYFI 9 —¥ IV R-F P L¥ELR, &
NODRBHAORB I, M A KIEHE IS X 2FEADSDS-PAGESHTIC & W FER L
VA

7 x ) — ViR EIEF (pheR) DFIEVHERE S N 5 pheARIE T LI IR & 5E
£ % phe AR F % &1 6.1kb Sacllf i # Al —KIBEHA CHAS ¥, 7x /-t
Foxy s —¥igHz {52 pheRBEFOMEBEL*HEL . BIZZ0HE B EE
FIDIRIT 2970 72 & & A, pheABIR T O LR IKIC phe ABIR F & 51 121689bp
5% H50REDFAE L RO, HET I /BEFIS, CHOORFICI—FENb &
HEINDZEOIIR., 5637 I VBRI S %2 5633kDanFFH A X 2O LEEE N
720 TOORFD LR, BEDE coli7 0 E—% — (-35/-10) R U'P. putida® 7 11
E-F-ROLN, BiZ, HHERVES TS LRSI NEKRE 2 RERTI LR
o, —h, BERNDFEOTI—RELY, YXAFNVT /) —VHRROG]
HBIEFdnpREFIZEA—DBEETFTH A LFBHL bR o7, T2, TIVE
RAITEVWAET Y —%FT2 MLy HMEROHEBEAXyIROERED O HEEL
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T, PheRiZ-24/- 1270 F— % — 2 EHALT 2 EDOHIH BEENGCO SV — TICET
ZEMERLEZOND, o T, X7 27— V43 RIIPheRIC & o TIEDEIE
EFITTWAEESBEI N,
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F58 71/ -NORERIETERAL/BBRAGICESTCESLR

B|IEY T

TCEDNRAFAVAFA LT - a OMBRELT, WAEFEXEEORE~DIE
A, QFEEZCLET CEFBEOETE,. 3) TCESHRMY nFEM, R TE
5, TNLOMEIR, TEUOHERDOTCEGFHEENNA A VAT - a3 VITER
THRIVEBTE ZVHEETHL, BL, B) KoV TIR, KBWTCERUZDHY
WENB2FHOTCESMELBEINTEINY, COL) LEKRSTCEHERYA b T
ABZENRERLEFCERE, KRWCEATREZEZ LN S, —F. (1), 2 DA
HLTRBMEDREKEOBTETHIET A LATE S, BIb, FELENLELZW, TCE
SRR EBENCRBETI2ERNFRETCENT., (HQOMEE2 —BILHERT L L
HTED, |

BEYOEFREE LT, 18R L ) EH PRI L 2RAERENFIH S, FICWE
HEODHTHRELDITTE, ERERCIZFETE, HEZUBETHNOEEEE
BTEHN, REBRUERE, G LAABRENETERLRIERVHKICRETS -
D, REEHZMIRE LA FLAFI -2 a Y ICRLTLIEN L FELIEIS A%
Vo ¥, CRETHENINATCESMBERRSINF IV HR—2 T FEBRT, L2d
ZOGHRBRLCEM L /2D, TV ATHMLZERCRBEFOSRERLINFTEL
WO%M®BM\ﬂﬁKié%ﬂ%ﬂ?Rawﬁﬂ%ﬁ@%ﬁ%TCEﬁﬁ%ﬂ%%%%L
TBY, MWEIYEFELLILIZFEOLELVEKEFELZD, BEKRDOGIHRE VBT
CESBEHIREB L Twi Y,

b —Do0FMEL LT, BETHRIBEN Z2FH L FESBT O N 5, BETHBR
APHCIR, —B, 70—-=r 7 2i ) TCESBEBEROEET IS T Z, BHEmMIC
BIZFOBEHCEBENERAELRRIOER TS I EPTRETHD, Bz, HHRYA T
HEBEHICRET, »OTCERZORHWI L THEMOH 2EEL BT, AN
%TCESHRE SHETE 2, BEIC., FVx v DREP. putida FI%R K UF P. mendocina KR1
By, FRFR MV IAF V- ERIETFE VNI VE) XXV - ERBIETF
BRBE~N7 O 78h, HRXKBEICBWITCESBIHER SN TEY, 20
TCESBIEHNORBIZIDRPL MWV VELEE LD o, —F, 27 VEILEHE
DA, TCESBUEEEBBOSHBE L N BEVIZ I rb s, BHEEENENC LT
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WHREENTEH, CORERRT 27201, TCEGHEMET2WENES s v 2/
%S — YO BET % B REEEE D& W Pseudomonas BRI ~EA L. BELEL R
BbEENTNVEY, '

BEETIR, ZE0FTHEER. SETHRIEORERB AP L HEE»S,
BHFRATA I LB TE D, BENLFEEIBE S LE, kK ISHR R HF
FASNBTMRMLE N EEL LD,

FIT, AETE, BRETCESMABTRODOEBRNWAR LB LD, s0—-=
YITRONET 2 ) - VREBETEEUCHABRIAEHAVWT, 20 TC E4SHEEEIR
H¥arcelL,

%2ﬁﬁ i Eﬁ*j*il'& Uﬁ ;ﬁ 2-Hydroxymuconic

Phenol Catechol semialdehyde

1A AR H H H
OH  Zcoon
) EHRE 7T AIF ? '? o
M¥X 75 A3 FpS10-45K T ﬁo
[~ 3

U'pS04-92i2 . BIETIATEEH  ps1045 \IpheR] | phea pheB | pheC-- - jummen

<

PVK100

JRX I FRZ ¥ —pVKIO0%: A -

- — N . pS04-92 ﬂ\lphei] pheA  —————
R R . =t Tl g

9‘3—:77"!:;0%[‘971'?:*& lacop P
. pBH4001 pheA _
WrAIRXI FTH5B, pS10-45 pUCI9 Sacl Sacl
3 * acO -
BPHEUC2O% XL LTS pBEA0S6 1 A
72 ) — VARBEROKES s Mel Sac
Fa-FLTBY, —7, m5-1 HR7723 FOME
pS04-92i3 phe BB R FLLF D 4 KBIA2 5 —%, Ky 2 AIBHRSHY, REREEHEAEEAT

NELTWwA, PH: 72/~ Faxy5—¥,C230: AF2—-N2,
3-TAF VB IacOP:F 7 b—AF ROV ARV —F TS TE~

BEEFREELTV AV (F y -G,

51) o 7T X3 FICH, pheREETF DS 512 ERICKRFEOAE 2 FHEIELET 50
¥/, PHERRB S €570, ST TIREE%pheABIZF% 3 — F L 7:6.1kb Sadiff i &
U'5.5kb Msel-Sacdllff i~ & € 1 £ pUC1912 3§ A L THESE L 7-pBH4001 & UFpBH4056 b £ EX
KERLE (B5-1) o M7I2X3I FLET, pheADBEFidlac/ 0 E— % — OEMILS
ME—FHLTBY, THOTOE—F—DoDOEREANPHFETE S, 2B, pSI045K UV
pS04-92D f5F 121k, E coliHB101J% U'P. putida KT2440% . % 72, pBH4001% U'pBH4056
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DIBEEIIZE coliIM103 % L7z (FR4-1) o
(2) Kb & K4t

BHROBEFITIILEH (F14) AW, MR 75X F L7 =/ —VHREET
DRERBOIDOFEYWE &£ LT, E coliHB101(pS10-45), E. coli HB101(pS04-92), P.
putida KT2440(pS10-45) ] UF P. putida KT2440(pS04-92)123f L Tk 7 = 7 — W% | E. coli
IM103(pBH4001) % U°E. coli IM103(pBH4056) 123t L TIXIPTG %, # N E N 5mME U 1mMD
BETRERICEM L. 28, IPTGOVMR. £HIBMEIICIT o7 72, LEIEL
TpS10-45K% U'pS04-92% RIFFTHAHMKOERICE A F~ 4 ¥ ¥ £ 25mgIT, F /-,
pBH4001 % U'pBH4056 2 1R T A MKICi2 7 >~ ¥ 2 ) ¥ % 50mg/ITTIRIL 720 P. putidaid
30C T, E coliiz37CTHEL 726

F2lH EBRAEL
(1) T C EF AR _
~ #5—-1 A4Fvru~vbrs 754
RIE E2E ICHE L THT o 76 \ o )
Wy X5 A DX-300 (Dionex,
(2) T C ERREW Do Calif., USA)
e e , h7 A Ton Pac AS4A-SC
HIE FE2EICHE L, T C EBE %10, (A(}_ZCA.S(;, ASRS-If)
> s 2 T—5 RXAF—Yay Al-450(Dionex)
20,50mgN 2% 555 TCEZMATHMAR L0207 DAS-80 (Dioncx)
ATV, 2B B ICREE #0508 (15,000 EHE 1.8mMERET + U T A
_ . . LImMERRT MV v A
g 10min, 4C) L., ZOLFERXA 42797 g 1mY/min
®iaE BEXRIZ UEBHS

PSS TSI L2 A XU NS
T DEB 2 FES-1ITRL 72,

CDM-3 (Dionex)

E3 ERBRIICEER
118 RI=FH# A Escherichiacoli \=& % T C E 92

E. coli HB101(pS10-45)% U'E. coli HB101(pS04-92)% 2 7= T C EAHRERTIE, X7
¥ — DA %EFDE coliHB101 (pVKIO0) 22 bu—jv & LTHW, ¥/, SHBARKD
W TCEEBE#20mgNe L7z, 8B, VVYBRIVYLABERICTCEEMA - TI V)
RBRUT = ) — VEBL bl wABRE R RS FE T o 720 20128
FTOR/ELZHS-21C, 7, RERNZFTOEREES-3CRLI, CHODER» LS
PR &I, Tx ) —NVEE%EFT o 12E coliHB101(pS10-45)% U E. coliHB101(pS04-92) D
ABETCERGML., 72/ —NVFEERThe oz L2EHOBEMRIITCE 2948
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20L
y v

= o B E coli HB101 (pVK100)+
) O E.coli HB101 (pVK100)-
g L @ E.coli HB101 sw-4s;+
~ © E.coli HB101 (pS10-45
s A E.coliHB101 (pS04-92)+
« i A E.coli HB101 (pS04-92)-
&8
P -

10}
Of 2 h § | Y ] 1 i k.
0 2 4 6 8 10 12

Be M (BERR)

®5—2 #M#XEcolilcksTCEDSED
+: 72/ — VK - SN

Lidole COFERIZ., 7z /) — VHRBEZETROFEBEH.

TCE#E (mg/)

V Blank
® E coli HB101 (pS10-45)+
A E.coliHB101 (pS04-92)+

B M (ER)

5—3 M#2 Ecoliic &3 TCEDSHEI)

+:7x/—iEK

KIEE 2BV T b Ekhe

LTWBZERRBL TS, 512, pS10-45 L pS04-2DTHE TH@EFBOLh/A-Z &
it. pheBUF OBEFOFLECHEBLE TCEXSRI LA LeBEHKRLTSBY, TC
E SR D phe ARG T EM TH BPHIC & W IES Wiz 2 £ 2RB LTV 5,

$21" W= A Pseudomonas putidal_ & 3 T C E 8%

NAF VAP T —Yary~O#EB*ZRL. TEBHMEORENEETDH S

PseudomonasBAMI B % BE & T 5B 1 ik
KEBTCESBERARBI L E LT,

P. putida KT2440(pS10-45)& P. putida
KT2440(pS04-92) % Fi \» 7= T C E 5% REx
Wik, N7 ¥ —D A % F D P. putida
KT2440 (pVK100) #3> bu—jLb ¥ LT
Hw, £/, 7BRBROOH TCERE
¥20mgh& L7ze 2B, 77 V2 BBRV
EFEEHR LA TRRAR T -7,

ZD1285M $ TOMRE TS5, 72,

TR T CTOKRERSSISR L, Ch
b DX RD S, P putida KT2440% T8E &

TCERE (mgN)
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l P uadaK’I‘2440 VK100

Ppuad&KT2440 VK100,
P utida KT2440 (pS10-45
P undaKT2440 810-45

AP putzda KT2440 (pS04- 92
A Pputids KT2440 (pS04-92)-

ry L ] e ] . L rs 1 2 1

2 4 6 8 10
B M (FERD)

5—4 #3% 2 PputidaKT244012 & 5 T C E D58
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LA ThL, 72 /- VEEL{T5
72 P. putida KT2440(pS10-45) & P. putida

[
[=]

KT2440(pS04-92)i2 B T T C E4##4*

Bobnt, LALENS, P puida P .

KT2440(pS04-92) T it . X B B 45K Y # o v Blak
TTCESMEELzoL, P 81 D st
putida KT2440(pS10-45)ix Z n LLE T b - °
SIRDRESE L7z MBF D TC ESEE _

ErRolbn, #52RTEBD 0 p——— R e—
FOSTBEEICEELEZRROLLL )

Pofze FZT, ZOBRREEHE TS HM5-5 MEAP putida KTA40K & 5 T CE DR
2o, AEE L FEEOLRME CHiEEE +:7 2/ — Vil

¥V % T RENSMME U 25mgI T b Strain e T
EREHRMICHEE L. 72/ -VTOD  E 0 HB101 (pS10-45) 1.7X103
BRI AL L o5, H56loRT L E. coli HB101 (pS04-92) 1.6X103
o ) P. putida KT2440 (pS10-45) 3.4X103
BH, WEOHEHDT 7Y A LIHET P purida KT2440 (pS04-92) 3.8X10°3

DEVER W7 (KT2440[pS04-92): 68 B coliIM103 @BHAOODAPTGY) ~ 56X10%
M, KT2440[pS10-45] : 48§ F) . pSo4. _-PutidaBH 2.8X10°

92 & pS10-4512 i pheBE1% T F i IR D ;?ﬁ?f;ééﬁgm% B2 0mE AT > Fee

A LpheRBZF LW OKRMBIBISEVBFET 2 25, LB LRBEOTHARKT
IZE ALTE ORBIENFED O NE ol KTk FBEARZFEICIX, X
BE 2 WEROFEFHREYRBROBETFVEET LI L0 b, MEDOHEETNE
W EKT2U408R DR BIZ FOME/ERIC L D FERBOESEN T BENE V., £
i, WEOTCESMARHOE L AROMAEIC L2 b0 LEBIND,

R, MIBAE coli RUMBEZP. putidaD T CESBEB LB L 2. —#K I,
PseudomonasBHIH O BIEF 2RI X 51213, BARME T BE colik V) Pseudomonasig
MEDOFHHEL TWBEELNTWBE, K520 0. BHRP. putidaBH¥RE L XT, TC
E 5 f#:E B I3E. coli HB101 % f8E & L 723581357 ~59%. P. putidaKT2440%f8F & L 7235
BI122~137% L % ), FDEIIEIFZEFEETE % 2 o 72 B PseudomonasiBIE £ DF 08
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WOEEEERLT, L2LE2AS, P
putida KT2440(pS10-45)% U P. putida ® P. putida KT2440(pS10-45)

] ) 1ok A P putida XT2440(pS04-92)
KT2440(pS04-92) i3 ARER B fA7R 240 M = T

oIk E ) ([5-5) . —F. E coli. g 09
a
HB101(pS04-92) % U°E. coli HB101(pS10-45) °©
B720EFRA L T b o A5k L 72 ([5-
0.1pF

3) Tedb. BT HE coliHB101 % 1§
EELABHFTCEDSHORMMAR "¢, L
THEZLRHELPE ot CNLDE 0
L B (k)
Rk, BEORRFBFHRICEARLZES
B B5—6 #MBAP putidaKT24400 7 = ) — VM

B x5 LRRBLTWS, T ORI
FIE BRENIVE2—-:2FTIHBAKICESITCESRE

TCESRIEMDE VMBI AL BET27-010, KBROERENS ¥ —IpheAl
ZF%2EAL7pBHAOI 2 BT 2HMZFEDT CESRICOVTHIT %2 4T > 720 E coli
IM103(pBH400) 2 A W 7= 5 RER Tt B O7=DIC) VBRI VY ARBRERICTCE %2
M 775 728w, £72, 79 23 FIERFRE coliIM103 b RERITHE L 720 %
B, WP TCEREIZ20mgNE L, IR 3 FIHRIHBHRE coli IMI03DIE I IXHAEWE
WEBBREEMA LD o7, TORBEREMS-TITIRL 2,

K5-7CRTeBD, IPTGHEE %2 To 72

%A % & ¥ TE. coli IM103(pBH4001)IT & 20k
5 TCEGHIZ, BICHAER L 72E coli A
HB101(pS10-45)% U E. coli HB101(pS04- ’E‘,, N
I ARTh% NG, RERBIGBHSHE 4 |
MEOSMIZIS~24%c L ET o7, ’% . O Blank
. — - = B Control
7o TCEGWHEED FS2IT/RLZLED 10k ® E oo MI03 (pBH4001) (IPTG+)
O E coli IM103 (pBH4001) (IPTG-)
\Z B ¥R P. putida BHD 18~ 20% & & - .
f:o Of.l.J.l.;l.lAl
0 2 4 6 8 10 12
pS10-458% UFpS04-92% HEE L 72X ¥ B B (BEH)

¥ —pVKIOORHMRHPTEIE - TH S  ®5-7 MEAE coliic £ 5T C ED4HED
DIz L. pBHA001 % H54E L 72pUCI9H IPTG+ : PTG, IPTG- : SE63%
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T —EHBEnD, 70— Y 7ENBEFORBAR—RICBFLEIONS, X
7z, pBH4001iX, BRI 2Z ¥ —pUCIODIac/ T E — ¥ — DT H I pheABIE T2 AL 2
b DT, IPTGOFIET T, pheARZEFRBWULARVTRETS L#ffshls LA L2
Ko, ARBROBERBIZFNEFBELEDDTHo7z, CHOFEREL LT, FHHEDHIT L
D . pBHA001 DFED Sacl i LTt phe ABE T E A1 K ZE B PheRAHE G L 15 5 AR
FIBFEIEL., ChFBEXEEL L oTlac7UE—7 —h b DEERKEL2 5222 L
Zxi2 bbb, £I T, pheARIE FER ODNAFEE %2 TE 5 7213810 . pheABIEF % lacT
O%— % —|ZEF L 72pBH4056 (K5-1) 2T, TCESFBAB 2T o720 205
B, K582 R”T & BHIPTGTHFY L 7254 T, E coli IM103 (pBH4056) (3 Bk P. putida
BHEk & 121ZA% D T C ESRIEME/R L7 E coli]M103 (pBH4056)D T C EAf# 1. b
RR72 /- NVoFE2LEELEdPo

720 HWIRTIX, IPTGI: Bffi = F &Y E < 100
HHD, XA FVAF L IT—Tar~
DERIZEL WA, Fik0FET, BE
MEMCRECEELFEYE CHE T
X% 70E— ¥ —OFICPHEE % &
AThHCLicsh), FELFEREL D |
BELLZ2WTCESHMHAOEEN TR L 2 }
Zibhd, £/, R, BET ) ) _ _ .
TEHCHBENEREERTE 28w 0 5 10 15 20 25
HE-y— R BETENE, BENE R

L OB TCE LAWY a My et T SRR
TCESHRALFETELTHAI,

B4R T CESRKHEMHOI

P. putidaBHBRD T C EfRAEM 2 825 /2%, P. putidaBHR U°E. coliHB101 (pS10-45)D
MR EE LB TTCESHRAREITV., BEBRPORFEWoSHELA A o0x T
FT74 —ICEDTodz, BISOUTRT EBY, HFRMMEAICL 2T CESFE TR, H M
#HPLL T, TCELR¥FY F, TCEVA— N, V27 oofiBR, 7V 4* VR, BER. —
BILREFERTILEZONTVS, ChHEDI) L, THEUROARBETHSL YV 7 0ol
R, 70X VOVER, BERIZ. R uv PO CRETRRE Bbhizd, AP TCERE

[e]
[=]

O E coliIM103 (pBH4056)
@ P putidaBH

[02]
o

T CERH¥(%)
&
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10~ 50mg/10> & BH < i3 (U3t a a

WA BRI 5 L AT EL Cl)C=C(H TCE
Potze LBLEHS, & I e
- N . eg.,
5-3I2/8 § & 8 ) P. putida Cl\C C’Cl TCE  methane monooxygenase
BHE U'E. coliHB101 (pS10- Cl’ N Ny epoxide toluene dioxygenase
’ P ring open 0 phenol hydroxylase
45 L b IT, ZOREBHPIC
™ o™
TCEI1ENMIZ3F LT2.6~
cl cl Cl, cl :
3.9 N D TIZIZ(LEER olted cc Sc— c’ TCE
a’ OIII{ cleavage Cry H diol
ENHEEIERA + 2R
= @ OH ‘/(
L7ze & 0)#% [ S < ) » formate C-—O + C=0
o i - cl H carbon. N Al
m@ﬁ'{b: & b TCE# 7—'3_/33\ a OH monoxide o
N\ _ 7 . . . H .
CRERSAEILERR o Qo e %S ol g
H . OH 0
LTwb, 7z, BRP e 200 o
Uk ¥V VERDHINE nk i N o g

ol tdhb, E2ER

(e T 72 TR b 5 1o B5-9 SHRHMEIK L5 T C ESHHEE

Eibh3,
#5—3 TCESRITAES BEAA VDR
AHYTCE BRETCE HliEERA 4V
LR BEmgl) (mol)@ (nmol) ©) (b)/(a)
P. putida BH 10 1186 3380 2.9
20 2053 5408 2.6
50 2190 7493 3.4
E, coli HB101 10 1521 6008 3.9
(pS10-45) 20 3027 8845 2.9
50 4471 15831 35
B4 EY

P. putidaBHAR D 7 = /) — VR BIEF S MB| 2 77 23 F (pS10-45, pS04-92,
pBH4001, pBH4056) % . E. coliHB101, P. putida KT2440, E. coli IM1030 & 1EE \ZEA
LTHBETFHBRIAED TC ESHBEE AR, ROSR%2E 72, {HL. pS1045i
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E— ¥ —NETICphe ABETOARFERALEINSE L) WHAL THELLMBL TSI R
IFTH5B,
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(3)

(4)

E coliHBI01 28X & L1234, 7=/ — VHEEMT TE coliHB101(pS10-45) %
U'E. coli HB101(pS10-45) TCE 2 L 7=o % DB D53 3EFE 1 BHRP. putida
BHEEDST~59%TdH o 7238, FORIIHEBRL YV FHRT 2L bdho 2o Tk
BETFOFBECIPDHL ST, pheABZFIFETNIEITCESGHBEI LA &
b, pheARETFEWTHAPHNTCESBEMBE L2 LIRB STz,

P. putidaKT2440% X & LT:BETH, 7 = / — WV HESLH T TP. putida KT2440
(pS10-45) % U* P. putida KT2440(pS04-92)2* TCE 24 L 7z, 1L, P. putida
KT2440(pS04-92)1%, FRERFALE S HMBEE CRBICTC ESMSEILL 72, Wik
ABOTCESBEEIX, BHED122~137% L Bk L DV B - OBEE 2 RL
TCESBEHROMEZYFL, KBHOBRBEBENRL ¥ —F% (pUCI9-E. coli
IM103) %F)H L TE. coli]M103 (pBH4001) &% U'E. coli IM103 (pBH4056)iZ & 5 T C
ESBRABRELIT o7 L 25, IPTGFHESL M F TE. coliIM103 (pBH4056)2%, #H
BHA L AEDBEWTCESRERER L, COFHICLY, BhLRABENT
CESBiEN . L, L2V 72/ - VHEOLEL WHRZAOBEICEIIL
pAN '

P. putidaBHEED T C E 2% % #8572 %, P. putida BHX UFE. coli HB101 (pS10-
5)OMBEEE AW T TCEGBRRL T, BERPORBYO ST E2RA A
7225, RBYERNT B ENTERD o, LELENS, BBHEPICIZIZEE
EREOEFEA A VOERERD /20, MEKICLY) TCEPEEICHERS 1
AR i)z oW R r RO AN
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BTARBEROREZNFETHSL b)Y suaxF Ly (TCE) i, KEXEEZEL TEK
LA DRFEEBEDPTENODIREHFELHETH), TORZFEORZLHARITINELINT
Wb, AYWEIC L BT AGESRIE, ERE CLERICIHT 5 720, BF OWEMLE B
TIRIZAFHIHLLIZL, "M FVUAFA -V a vV CRERPERIEFELN T
%, ,
*ﬁ%?u‘71/—wﬁ%ﬁ%ﬁmbt%%mﬁﬂ41vx?41—9avaiA
RHBETLIRDORBIFRLE LT, 7=/ —VMREHIVWIET7 = ) — VHREBIEZETF 2 F
BL7=TCESMICO»TH 4 ERHIRF 24T, UTOHREEF 7,

F—ETH, ~BIEPCTCESGRIMEGFLEL 7=/ - VGBREOFEELHL H»
CTAHEHMT, 7. BBV IVh0 7 2 ) - VBRERE 7 = ) — VR R
NDBIREVTIVA LD IEBICHEBTARERHELLZ, SRR HWT, £
AL VR L Y Y IVvh D7 2 ) - VMBEEREBRL-ESA, WFhoY VTS
Mz b, 10°/1gGER I BBRED 72 ) - VHRBENFEETA I LEHAL M E L, &
2. BUICCGYRREIIC TR LR IEREBHERIC Y LT, BEET7 2/ -V
SHRE (>125mgN) D56 ~20%, EIREET7 = /) — VARE G500mg/)A4~13% & 2 ) Bt
RCHELETHI LWL L7 BT, FHEICHEA L -EXRE 2 SRR U EE
BEORLZ2BEOSBEHOKEEI I L, TOERHEE 2F

HEoETR, HEEOT 2 — VAREOT C ESMRIE R FHET 57201, HB1ETOH
THERE EL 14D 7 = ) — VSR E DO T C ESREEICOVWTRE 2970 720 F DR,
AT =/ —VEBEO TCESHBEEIL, 320054 7S HETAI LB TE, A
t, TCE:2REKKRELLINVN-F (#471) ., TCESRENSERHKLET, TCE
PEEREINLe Do/ NV—T (5472) . TCER2&ELHBTER VI V—T (¥
473) Thd, REKDIE, ¥4 730 15%EKE, ETTCESBIER2IF-T
BY. BERESD BSRRELITCERRELREYA 71 RBT 5B THo 720 T
DIERIZ, 727 = NVIREBNAFAF4I2Vb—2a Ol RIELTWS,
Riz, HAFHRDOTCESRIEH L 7=/ - VHRIEHROBMBERF L LA, WED
BfRICiE, HEBREOEDHBBEIRBO N0, BTz /) -V BEEE2AET S
Y4 FCiR, TCEDNRAFRAF4Iab—Ya v iCibBRENPUETassL#EESN

-71-



T2 T2, 72/ - VABREOWBHAPTCESRIIRIITHELFA LS, £ED
HWhkerdbic, BmicTCESBER 2K Bk, £CERIBILLE Bk, 50
W, FORHNLRERITEET S I L0bh ol HHOBILLEWSY £ TOBEKIE, /N
AXRAT43Iab—Ya/IHFICERATHY, /- BTCESHEHELZF/ 2w A
TD7 ) —VHBREFEETEHA MIBVWT, 0¥ 7OREKETHI I LT, +—
FarArvF—YarvHRIMFTELLEZLNS,

=BT, HRE®RD ) &S T CEMFIEH D EH» o 72 P. putida BHERIZ D W T,
Z0TCESBIEE ISR L7z £ 3. TCESBISESEFRILEWIHE DS
RHATERI 2720, KEKROFERICEGYOEMAE LAHRERICOVWTHANZLZA, &
BERIZ, 20HOMAFTFRILEYD OB, 72/ - VRURBEFEROMIC, o, m-, p-7
VY=, p-e Fax I ZRER. m-b VAV, 34-VXFNV T /=), O bHT
XVBOTEREORELBILTHI L bhol, Bil, XV EVRERBEGEHOHIE
£, R LIXRBHRICIITFI-LDOX FHARER, FVYHEBRERT IO AT
FUBOF IV BERRIFAT A LR L. SREBORELEZL LTZERAELTY
/)=, REFBRUp-c FuX v ZEERMCTHERLFTEL, TCESHIAELIT-
12eZhB, IFA—NVDOAYFERERHTE7 2/ - VABREEOADT C ESHF % il
TAHZEL®RLTS

RIS, 72/ - VEBEHTTOHT CERE 2L TBHAOREMRICL 5T
CEGRBEBZIT o2 T A, % D45 IMichaelis-Mentenz i & { £F L. Vmax'=4.0X
10° mg-TCE/h/mg-SS, Km'=10.3 mgN %7z, Bo5 N HBAKTC EAREE X, BEMo%
COTCEDBEDOLD LERELREL SN,

$#UE TIiX, Pseudomonas putidaBHAR D T C ES R IC5§5 7 = /7 — VI BB FRE
Nrya—=V 7L zO@ERETV, BEFUVRVTERGBEROBRLRAA 12, $§, IL18
FHI R I FpVKIOR AW/ T AI Fru— =V FET, P putidi BHRD BB KN D 7
=)= VGRBEFHOIO—=V T2 F L, 7/ - VOREBEFH L SUCHANA 2
FOSHEOMBIKBENREON, BIZ, ¥ 70—V 7 e BHERICLD, Th
Lo ET7z/—-eFux I —-¥BIEF (phed) RUAT I—N23-TF ¥V 5
f—ﬁﬁﬁ?(mw)@ﬁﬁ%ﬁ%btoﬁgntﬁ&iDZEF@i%‘mmﬁﬁ¥
% & pS04-92 % U phe ABIE T \T N X pheBULF D F (5T b &t pS10-45% AV, A
IZ& D P. putida KT2440~EA L 725 BONEAKRD I B, P putida KT2440 (pS10-45)



BV, 7x/ - VEHE - EFEMBEICE BT 2 ) - VBREBRTo - 2 A, BEH
BBHEAR L ZRRRAHKIC7 2/ —VESRTEL I L bh ot T/, 20K, K
LYEBEZFEORHFRD S Nz, pSI0-45DFAMK LiC 7 = ) — VR BIETFEHD
HEBEFHPELEL, KT24408 P THEET 2 Z L HO N E B o 2, .

RIZ, pheABIETF #REWXELHIR (6.1kb Sacl¥ffr) DOEEERFIDEIT 217072k Z
A, BEL761120pDEFIRIC6 DDA —T V) —F 4 »Z 7 L— 2, (ORF: pheAl~
pheA6) % RW 72, ZORFVPLEEFEEN BTV HF—% b (PheAl~PheA6) DHFFH 4 X
X, F0HEET I/ BES » 5 FNFN10.6kDa, 38.3kDa, 10.5kDa. 60.5kDa, 13.2kDa
BU38SkDat st &z, HERFD AT —REOEEIS, ABEFRINVF
YR=FAV DT /- Ve FOFF —EHEETFLEEVWFREQOY -2FTHI LD
D, ¥/, 7TIVBEFIOFRT I -REOKER LD, w22 NVF IV R-—FV}
FF¥FVFF-FEDOZEIVE—Z /P REOT B BO, TNLOBEROI VK-
2V P O¥ERE D SPhe A2 UPheAds 7 =/ — vk Fux v s —¥ ot 3o #Fr—¥av
R—F2 Vb, PheA6% A XV FYFrs—-F¥arR-F bL#EL

—7% . GIBRIET (pheR) % &4 LEEINIHBRNEERFIOMT LT o2& C
%, pheABILF O L ¥ $HIR I pheABAIE F & 5 10) 12 1689bp D> & 72 LORFOFHE 2R D
Too BT I/ BRECFID L, TOORFICO— FE3N5 LIEEINSZEAILS6T I/ BD
b% 0, 633kDaDTFH A4 X e go LR s/ HERFIOFETYV-RELD, K
BIZFVBTVRAFN 7 =) — VGERO G EEFdmpREZIZFE—DBIZFTH D Z £ 2°
Hodbbhh), 72 7I VBRI TEVFEQY - 2472 VI UVSBROHBEES
XyIRROBERED & #%E L T, PheRiZ-24/-127 0% — ¥ — 2{H ML T 5 E 0 HIHEANRCD
TNV—TRBTHHBERATHLIENRRENT, oT, X7/ —VHERIZ
PheRIZ & o TIEDHIH 22 T b LR S 7z,

ERETIX, ENATCESBETEN - OABYME LB L -0, FNETHE
{ZF ¥ 2 /KE. coliHB101(pS10-45), E. coli HB101(pS04-92), P. putida KT2440(pS10-45), P.
putida KT2440(pS04-92), E. coli IM103(pBH4001) % U'E. coli IM103(pBH4056)D T C E 5%
B2 FA, ¥, E coliHBI0O1%2 X & LA, 72/ — VHEEEHT TE coli
HB101(pS10-45) & °E. coliHB101(pS04-92)*T CE % 53 L 720 % DB D 533 13 Bk
P. putida BHERD 57~59%TH o 724, Z OB IRBKR IV BRT L dbhoiz, T
MBEFOEEIIIDPDL LY, pheABEFHPFEETNIEITCEFFRENIZI LI L,
7x/)—-NVeFOFTI—ENTCEMELYMET L Z EWHLIP IR o2, 72, P
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LIZHIIL 720

BE

ARE—EEZETIE, TL—BHLTBCE 72 -V BENEBN S B LE
L. ZNOLDOKEDOPTCESHERAETAZENHLMP Lotz TOFKEDNLL, &L
DHALPTC T2 )= NVEHAVTENAFRAT4I2b—2avIZEBTCERENTERBL R
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