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DCA,

DCA-L,

DCA-C,

DCA-CL,

DCA-CC,

DCA-S,

DCA-AC,

DCA-LC,

GGE,
HMPPD,
PDC,
PQQ,
FAD,
PMS,
CoQo,
CoQq,
ADH,
ALDH,
HPLC,
ESI-MS,

LC-MS,

dehydrodiconiferyl alcohol

3-(2-(4-hydroxy-3-methoxyphenyl)-3-(hydroxymethyl)-7-methoxy-2,3-dihydrobenzofuran- 5-
yl)acrylaldehyde

3-(2-(4-hydroxy-3-methoxyphenyl)-3-(hydroxymethyl)-7-methoxy-2,3-dihydrobenzofuran- 5-
yl)acrylic acid

3-(3-formyl-2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-2,3-dihydrobenzofuran-5-yl)acrylic
acid

5-(2-carboxyvinyl)-2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-2,3-dihydrobenzofuran- 3-
carboxylic acid

3-(4-hydroxy-3-(4-hydroxy-3-methoxystyryl)-5-methoxyphenyl)acrylic acid

2-(4-hydroxy-3-methoxyphenyl)-5-(3-hydroxyprop-1-enyl)-7-methoxy-2,3-dihydrobenzofuran-
3-carboxylic acid

2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-5-(3-oxoprop-1-enyl)-2,3-dihydrobenzofuran- 3-
carboxylic acid

guaiacylglycerol-B-guaiacyl ether
1,2-bis(4-hydroxy-3-methoxyphenyl)-propane-1,3-diol
2-pyrone-4,6-dicarboxylate

pyrrologuinoline quinone

flavin adenine dinucleotide

1-methoxy-5-methylphenazinium methylsulfate
2,3-dimethoxy-5-methyl-1,4-benzoquinone
2,3-dimethoxy-5-methyl-6-(3-methyl-2-butenyl)-1,4-benzoquinone
alcohol dehydrogenase

aldehyde dehydrogenase
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1. BFEEEE

2013 FORMBEAE BT 5 B H SR
(IPCC) % 5 AR & FH (T T, 1950 AR
PABEI IR SN R AP B I3 HEIN LT TH 0 |
REEMETIRE L. 22Uk Zokowd
K OVEE ARG O EAPHER I TWD &R
Ehi-, ZOFKE L THREER T RLX—
KO~=T VT NWVEEDL L LA & RICEAT
LTWab Zengfonsd, £z, (LAERIT
AIRTH Y | FERIICHEET 5 2 LGS
TW5b, ZO &5 RMEKIRB L OJRIK & 72 5
ENRH A OPE G O LT G R
DBLEND  ALEBIRICRDEH LWER & L
THAFRTI—ARy =2 — TR
A F~ ZAOHMPNCKRE RBIFHFELATE LT
Do TENA T~ ADDDOEHVEREL LT, 7
AVART ZINBRETH hFER U E
0 avinh DAL AT ) — VBIER T
TWDA, NAEINA e HTORKEDD DORX
BHEEICIHIDSE £ > TR Y . BIEMOIETR
RN K B AR R ASA A~ 205 OPRERRR
~ 7 UTIVDEEN RO BN TWD, HARITE
WTIE, REAA A~ A Th DRI DNZT &
L EFIHENTE LT, AR GER L
EEINTWD (Table. 1; /A A~ A% HfEfESL
ARG, 2010),
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Table 1. HAICHIF 554 4~ X OFIJE 2
INAF~ ZAOFEE  BARMAE (ton)  FIHE (%)

BESEW) S A A~ A
F & PEY) 88,000,000 90
TR 78,000,000 77
2k 14,000,000P 100
G 27,000,000 80
BIEEEY 19,000,000 27
TEEFRH 3,400,000° 95
TR TS 4,100,000 90
R ANA F~
EEYFE AT R 14,000,000 85¢
AREFEAT 8,000,000P 0
ANA A~ AYE FHERE FE A, 2010
b 37 {40 L R
CTEAHLEED
2. KERS

RER . FEICHfaEER > Th DL m—
AN VA=Y SO A=/ NV i RV e
%, /v —AX p-glucose 3B-1,4 7V a2 KN
e CEA LIATERETAREMIT O 40~50%
ZEHDTWD (Table2) (1), B-1,4 7'V =3 Rk
A L7 p-glucose [LESH FOREEZ &V | i
fEL THIBED IR L b —AI 71
T4 T VNAVEBRLTND, ~Ila—RAT,
p-xylose, p-arabinose, p-mannose <> p-galactose %
AR =y FETLEERO~T B LHET
&b O ARER RO 15~25%% 5, HlfuEEC
BT~ —X AR —ITHofm L, BL
n— R LKERES, V= LA RRIC Lo

KEL TS, U7 = 3#HER T 25~35%,
JEZERST T 20~35%, FAR TIE 10~25% 7 £ T
W5 (Table2), UV 7= DREL LTl
— 237747V AVEORNI LT —RZAD
PP R A B S 5 2 & THlnEE &
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TV IRIZBEARE 253 2%F 42T Wi, V7= O i TEME THMAEMIC X
W5 (2. Fio. BUKBYRMEED DAREHINEE 50 a2% T EWTc OB IR 2 A DR &
DRI L DI EmH L, KoyDOERkZiNWT  DoR#ELTHDLEEZLN TS (Fig. 1),

Table 2. #iZB 135D 7 ) vl o—ZADIFEE (1)

FIEE7/L0 tro—2 (%) ~Ikro—2R (%) VT=r (%) BELHE
A A ¥ 45-52 24-33 9-13 ?3)
AL F U T A 32-37 26-33 17-18 (@)
R o 37 31 18 (5)
N 42-48 16-22 21-27 (6)
<~ 46 23 28 @
OH OH OH oH
CH30 CH30
o OCH3
OCH3 o) o}
HO 0
CHeo © OCHs m OCHs OH
OH CH30 CH30
OH 0 HO OH OH OH
CHsQ o OCH: HOo ¢
HO CH10
HO HO OH OCHs
o} CH30 oH O OCH:
QCH3 o o
OCHs O OH
CH30 OCHa o) o) OH
Ho~° OCHs HO O OCHs OCHs
o CH30
CH30 OH o OH octh 3 O o
HO HO o HO © o
OCHs 0] HO OCHs3
CHz0 OCHs OH OH
OCH3
o
HO
HO
OH

Fig. 1. #ED U 7 = Db #4EiE (8).
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V7= idMilaE coE VT ) —LDE
. ARREE~ DR, K OEGZE L CTAERT
%o BV )= E 7 == T a4 K
{E&% (Ce-Cs) T & % p-coumaryl alcohol
coniferyl alcohol, sinapyl alcohol ¢ 3 FE¥HAMEAE
L (Fig.2)(9), ZNONPAFEESTDHZ LT
FoTV 7=vRgkansd, £/ V77—
DAEEGRITMBEICE W TITbh,
phenylalanine 7> HFEREEE 2 U 27 ) — LRIKIC
Lo TAKENS (108, 109) (Fig. 3), UIZ
phenylalanine 1ZiL7 X /b Skl & 72 0 |
RWTHEER 4 (MLOKEEKIZE Y p-coumarate
(AL XD, p-coumarate DIEE CyNLANETT
sz Eizkv p-coumaryl alcohol 23Efkd
%, F7=. p-coumarate |35 FER DKER{L & A T
MMbZE=Z T, I CyfrdEILIZ L Y coniferyl
aldehyde ~Z£#t X41%, coniferyl aldehyde (1%
I Cyfirs & BTt S 417z coniferyl alcohol
AW SN DR & TR BR DKL KA T
A% =T T2 %I CyfL D eIz XV
sinapyl alcohol 2343 2R AMFAET Do

HC HC HC
1l I Il
CH CH CH
i OCH3s  CHsO i OCHs3 i
OH OH OH

coniferyl alcohol

? p-coumaryl alcohol
(guaiacyl type)

(p-hydroxyphenyl type)

sinapyl alcohol
(syringyl type)

hardwood lignin

softwood lignin

grass lignin

Fig.2. V=23 2E /07 —/LOWH

i,

Mg R TaERINT=E V77— ORM
JABE~ORATIZIX, TP/ NMaE I3/ alk %
I L7z, BKMEE 2V 7 — /L O EILE
[k DAl DFEE, AT Lok, RO
NI UAR—=Z—IC L DWENEDD Z LN
HEINTWS (10), ZnETIZ, £/ V7
— b O K fa JEE 2% I
transporter OB 5- 23 A LTS (11,12), L
ML, VT ) )L ORIFBE~ D% D 2%
I LN > TELT, AH%ROE R DN
HENRTWD,

Mg bR IN=E VT —ud, &
Na—AIrn7 47 VIVORREED 5~
ke —RTNVHIZIEREND LB DN
TWb, ~IvLa—2AF VIS LI-E
U7 =Tt KEDHFE FITBT D
peroxidase <> laccase DEHINC K - T 1 Bk
SNTTZ= )XV TIOANERY TV~
TIRIZE D ¥ 7 o AF Rig Lok s 7
DELTENT D, TDH%, KEZITE FrFs
oAz X v ZE(k L 7=B-aryl ether (B-O-4'

ATP-binding cassette

1), phenylcoumaran (B-5'%%). pinoresinol (B-p'%i)
DEERY V= 8K E LTAEKT S (Fig.
4) (13,14), B-arylether (ZE /U 7 ) —1LDI1 >
TV TR K B B-O-4'FE A D ARSI
CRALICARFRAEDEA S, FENVTH S AT
R R KAINBOG 2 51T T Cofir & A5 B
Fep Y 2K L AR DB-aryl ether
AR %, Phenylcoumaran & pinoresinol 13,
Ay 7V TR K o THERR L= B {b G
DFREZR 7 T WK SE A Ffo % ) o AF Rh
MERDNFHASERIET D2 & THERKT D, ERL
T ZBRIIRET avbEh, Ay 7Y T
POGEMEYIRT Z IRV @Y 7 =0n
AT S (108, 109), SHERT, AR K OVEA
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FEMTIRY 7= OREERAL IR Y | TREER
77 A7 > AL (coniferyl alcohol) &V >
/LAY (sinapyl alcohol) @ 2 S&&TeDITRF L
T HEBI OV 7 =37 T AT UNABID I T
b5 (Fig.2)(9), HERV 7= NI T7A T v

£l V=V EAFRBEERS S0
FIEME A RS2, ZHUFE Y V) — L OE
B FRIZ 35U T AL AR IR 72 B 3R D A & 52
FTTELT. BORIGBILTFRINTHEITT 5720
H_BRORMERNERERT DD LB X

B R ARIIMZ CTp-E Fed s 7 -=

JLL (p-coumaryl alcohol) & & A TUW 5,

LI TW5 (15, 16),

COOH COOH COOH

555

cinnamate phenylalanine
p-coumarate

4CL
COSCOA COSCoA COSCoA
= =
- CCoAOMT.
—_—
OH OCHs
OH OH
p-coumaroyl -CoA  p- coumaroyl shikimate affeoyl shikimate caffeoyl-CoA feruloyl-CoA
lCCR CCR
CHO CHO CHO CHO
= = = =
COMT
- -
CH30 OCH3 HO OCHs3s OCHs
OH OH OH OH
p-coumaryl aldehyde sinapyl aldehyde 5-hydroxyconiferyl coniferyl aldehyde
CAD l aldehyde l
CH20H CH20H CH20H
= ~ o
CH30 OCHs OCHs
OH OH OH

p-coumaryl alcohol sinapyl alcohol coniferyl alcohol

+ cytoplasm + *
v cell wall v v

Fig. 3. MMIZEB T DHE /) V7 ) — /L DEE IR,

Enzyme: PAL, phenylalanine ammonia lyase; C4H, cinnamate 4-hydroxylase; 4CL, 4-coumarate: CoA ligase; HCT,
hydroxycinnamoyl-CoA: shikimate hydroxycinnamoyl transferase; C3'H, p-coumarate 3'-hydroxylase; CCOAOMT,
caffeoyl CoA 3-O-methyltransferase; CCR, cinnamyl-CoA reductase; F5H, ferulate 5-hydroxylase; COMT, caffeate
3-O-methyltransferase; CAD, cinnamyl alcohol dehydrogenase; SAD, sinapyl alcohol dehydrogenase.



C|:H20H 4 CH20H CHz0H CH20H (|3H20H I
! ; Lo
CH Laccase CH CH cH CH
e
OCHz OCH3 OCH3 : OCHs OCHa
OH o] o)
coniferyl alcohol c d J
B-O-4' coupllng B-5'coupling B-B'coupling
(a+b) (a+c) (at+a)
<|3H20H 0
GHzOH He CHa0
. H?—OQCH:CH—CMOH CH
quinone HOCHz HC
methide |™° = §" ochs HOCHz L]
I HC—CH
HC H OCHs3 | |
I o CH CHz0H
OCHa CH
o]
OCH3
L OCHs 0 ]
o]
l nucleophilic reaction lrearomatization lrearomatization
(I_‘.H20H (|3H20H OH
HC—0 CH=CH— CH20H Hﬁ @ocm
HCOH CH
OCHs 0
HO(|3H2 H2C”~ "CH
| |
OCHs HC i ~OCHs S
OH HC—O HC\O/CHz
B-aryl ether
OCHs3 CHz0
OH OH
phenylcoumaran pinoresinol

Fig. 4. Coniferyl alcohol ®Z 2 v 71 v 7 v 7 Bt

FEA), pinoresinol (B-B'AEA) DAERK.

4, BTV S=r DELSE

HARFICBWTARMBEBFZITOMEm E L
THFHE, FHEE. KORERER ERHM S
TV, ZOWT, V7= 0 BE9 5
A DOLZITAGRBFHEICEL TR,
Phanerochaete

chrysosporium <> Trametes

versicolor Y 7= & LT LA TUV

(2 & % B-aryl ether (B-O-4'#&4"), phenylcoumaran (-5’

%o BUEE TICY 7= /pfifl#dE & LT laccase
(E.C.1.10.3.2),
14), manganese peroxidase (E. C. 1. 11. 1. 13),

lignin peroxidase (E. C. 1. 11. 1.

versatile peroxidase (E. C. 1. 11. 1. 16) @ 4 FifH D
BEE A SN T& 72 (17,18), Laccase [ZPNED

Cur*zhib, 7 =/ — /G %E 1 BTt
TOBAT 4 == F—DFETTIEHET =/
— ke bk 52 &R TE %, Lignin
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peroxidase |ZMAF & LT~L&EHL, V7=
YETIMLEMROFET = ) — b EWE S
DIEWHEEICH L TEmWBbiEE =7,
Manganese peroxidase /X Mn?* % Mn3*(Z&{t. 3%
TEMEZ RS ROSIZ L0 B L 7e Mn® 23 Bl
LHEEERZR L TRAEH & L TRRET S,
I &
manganese peroxidase O 5 DIEMEZ~T, Zi
bORERIZ LY 1B TFRRILCEZ T2 7=
YOBEFBRIINT AL T OANEER L, @A
TV 7 =410 C-C fEH=° C-0-C #aH PR
ST FbEid (19, 20).

RiUT, N7 7 U TIZEBWT laccase <° dye-
decolorizing peroxidase (Dyp; E. C. 1.11.1.19) %
AT DEPHE SN, ZHOBENY 7=4
fRIZBEG- 5 Z LRI TN D (21-23),
L2 n, ARFUCBIT 537 7 U T O
531U 7= R~ DB O EIT R T H
0. SHOERDMMHADBKEL S TNWD, —
ARG eEnTe Y V=R EEFH LS
Wt LTI 7 U 76 ORI
RELFELTNDEEZEZALN TV D (24, 25),
Wo T NI TIVTICLDY V= HRILEYD
DIEFZRZW BT D 2 &k, HIER Lo
TEBR 2 B9 5 LT TEETH 5,

Versatile peroxidase lignin peroxidase

5. Sphingobium sp. SYK-6 #RicBi7 5V /=
v HRALEY D 53R

Sphingobium sp. SYK-6 #ki%., U 7 =ikt
EWRE RPN R DM S L TWE Y

TIUTTHY, -7 BT AT I TIET S
FRMEMETH D, AKIZY 7= Hko
biphenyl 1t &%) T & % 5,5'-dehydrodivanillate
(DDVA) O&EA bR & L TR T oM R S
ATV TRER T 7 BB S u72 (26), SYK-6
FRIX. biphenyl, B-aryl ether, phenylcoumaran /&
Utdiarylpropane 72 £ D ) 7' = > sk —BIR{LA
W %1% U @, ferulate. vanillin,
syringaldehyde } O syringate 7¢ & O ¥ E{K&{L&
WaME—DRFER, =xVF—RHE L TERT
52 ENFRETH D, BUEE TIZ, SYK-6 KD
B-aryl ether, biphenyl &'V 7' = i &K
L& ORBNCEE T DR B DRIE &
FEREMEBA 2372 ST & 7= (Fig. 5),
DETNMIEYW TH D
guaiacylglycerol-B-guaiacyl ether (GGE) o {X;#f
I, SRR 2R RE N B 55 2 & v
BMNCEN TV D, GGE IZF £ 4 DO
FPERIT A WIIZ Co-dehydrogenase CTd % LigD
F 7213 LigL/LigN 12 k% Cafidmefb a5 1),
£ U7 =F v F &~ — 1% glutathione S-
transferase (GST) T& % LigF % 721X LigE/LigP
W2k D CRAL~D T NH F A OREHEZ X
DI —T VR ERT % (Fig. 6) (27-29). itk
T GST T 5 LigG {2 & - . LigfF DEA T4
Clem—T VBREME NG TN 2 FF i3 i
Bt = 41 B-hydroxypropiovanillone (HPV) 754 p%
4% (27,30), —J5. LigE/LigP DIEHTA L 7=
T— T VIR EIZIZ R D GST MM Z &
DIRRENTND , —HEORISTERT D
HPV 13 & 672 523217 vanillate Z % TR
HENDZEDIRENTND (27),

vanillate .

B-aryl ether



e}
1t

biphenyl LigXa

COOH CooH  [H[eh(e COOH COOH COOH
IX ’_‘ LigZLigY /@
” ® ¢ ——
CH30 OCH3 CHsO OH HOOC OCH3
OH  OH CH
B—aryl ether DDVA OH-DDVA 5CVA
CHaOH CHaOH CHz0H
H(I:—O—QCHO LigD HC':—OQCHO LigE CIZHz
HCOH Ligk c=0 LigP c=0
— — - .g
OCHs3 i “OCH3 OCHs LigW2
H
GGE MPHPV HPV
C‘EOOH COSCoA ‘
@ erB @ @
OCH3 QOCHs3 OCHs OCHs
ferulate feruloyl -CoA vanlllln vanlllate
CHaOH
M
CH
HOCH? CH20H
) | HE OCH: H#—(; :%CHO diarv
phenylcoumaran l__[ HEOH Gorms iarylpropane
OCHz OCHs3
OH OH
DCA HMPPD

Fig. 5. SYK-6 £RICEBIT 5 U 7 = HRIL W O CHHR .

Enzymes: LigXa, DDVA oxygenase; LigXc, ferredoxin; LigXd, ferredoxin reductase; LigZ, OH-DDVA meta-
cleavage dioxygenase; LigY, OH-DDVA meta-cleavage compound hydrolase; LigW and LigW2, 5CVA
decarboxylase; LigD, LigL, and LigN, Ca-dehydrogenase; LigE, LigP, and LigF, p-etherase (glutathione S-
transferase); LigG, glutathione-removing enzyme (glutathione S-transferase); FerA, feruloyl-CoA synthetase; FerB
and FerB2, feruloyl-CoA hydratase/lyase; LigV, vanillin dehydrogenase. Abbreviations: DDVA, 5,5'-
dehydrodivanillate; OH-DDVA, 2,2’,3-trihydroxy-3'-methoxy-5,5'-dicarboxybiphenyl; 5CVA, 5-carboxyvanillate;
GGE, guaiacylglycerol-B-guaiacyl ether; MPHPV, a-(2-methoxyphenoxy)-B-hydroxypropiovanillone; HPV, B-
hydroxypropiovanillone; DCA, dehydrodiconiferyl alcohol; HMPPD, 1,2-bis(4-hydroxy-3- methoxyphenyl)-
propane-1,3-diol.
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CH30

+)-(pS)-MPHPV

CH30
(-)-(BR)-MPHPV

B DI AEEA 7 GGE D4,

HO
CH30]©
|G
(' CHsoK])i\{\ GSSG
GSH N
CHsoj@)k/\OH
HO

GS-HPV (1)

GSH GS\;|/<1 HPV
Q
OH * CH3OWOH GSSG
ngE HO SG
LiaP GS-HPV (1)

HO
e

Enzymes: LigD, LigL, and LigN, Ca-dehydrogenase; LigE, LigP, and LigF, B-etherase (glutathione S-transferase);
LigG, glutathione-removing enzyme (glutathione S-transferase). Abbreviations: GGE, guaiacylglycerol-B-guaiacyl

ether; MPHPYV,

a-(2-methoxyphenoxy)-p-hydroxypropiovanillone;

GS-HPYV, a-glutathionyl-B-

hydroxypropiovanillone; HPV, B-hydroxypropiovanillone; GSH, reduced glutathione; GSSG, oxidized glutathione.

biphenyl D€ 7 L&Y Té 5 DDVA 1L, 7
J A EIZHBLUTHET DB FIZa— RS
L% oxygenase (LigXa). ferredoxin (LigXc).
ferredoxin reductase (LigXd) @ 3 50> SRRk
X5 DDVA O-demethylase (2 & - Tl A F /L
%5213 T OH-DDVA IZEH S 115 (31), £ D%,
OH-DDVA meta-cleavage dioxygenase (LigZ) &
O hydrolase (LigY) (& & % 75 F&ERBHIZE & HI84BH

Z4% 5% T 5-carboxyvanillate (ZZ5# S (32,

33).2 > ® 5-carboxyvanillate decarboxylase (LigW,

LigW2) (Z L 2 i EE % #% T vanillate [ZZ5#a <
L5 (34, 35), SYK-6 #£IZ pinoresinol % 52457
i C & 723, pinoresinol 7> & lariciresinol % #%
i L C secoisolariciresinol &£ CT» 2 B %
(RSN | B RS
(Fig. 7) (36), ferulate % feruloyl-CoA synthetase
(FerA) 12 X » T Cyfiziz CoA Mz
(CEM S LTz %
CoA hydratase/lyase (FerB, FerB2)
JL CoA 73t L

pinoresinol reductase (PinZ)

feruloyl-CoA 2 >® feruloyl-
L0 T7EF

vanillin ~: Z#i X5 (37,



38), vanillin /% vanillin dehydrogenase (LigV) (Z
o T vanillate ~:bEd (39), FerA &
U\ FerB X sinapinate % syringaldehyde {22829~
HIEMEL A LTEY (37,38). syringaldehyde (&
DesV & LigV # & L7=#%® aldehyde
dehydrogenase (Z - T syringate ~ & F2{b <41
% (Fig. 8) (110),

SYK-6 #RIZZ 7 A 7T U A E O Y ¥
DY 7= ok k&Y & T vanillate &
syringate & #&H L T4 % (Fig. 9), vanillate
7 b7 v Ko ERIKFMEO vanillate/3-O-

methylgallate O-demethylase (LigM) (Z J > THit

e}
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A F V%5 1F T protocatechuate (PCA) (ZZE# =
M7 (40). PCA45-PHEGRIEIZ & » TREH S
b (41), —J. syringate (X7 b7 b N iERR
KAFME D syringate O-demethylase (DesA) 12k 0
A NS (42), 3-0-
methylgallate |Z LigM (2 &> T A F /LS4 TC
WA SN T DI ERARZZIT D%
% & DesZ KON LIgAB (2 & » CTHEFEREAA 2%
T 5 OO Lo TREF S, R I
PCA45-FHZLRIK I AT D (43-45), 21D D
REE DN, gallate 23 B FERFAZA A 21T HHREE A
FHETHDHZ ENRINTND (44),

3-O-methylgallate i

gallate

OCHs
QA § P O
i O PinZ HO OH
e
O OCHs3
HO OH
OCHz OCHs
pinoresinol lariciresinol secoisolariciresinol

Fig. 7. SYK-6 #£ @ pinoresinol reductase (PinZ)

12 L % pinoresinol M 25,

?OOH
"
CH erB COOH
Fer erB L| g V
CH30 OCH3 CHaO OCH3 CH30 OCHs
OH
sinapinate synngaldehyde synngate

Fig. 8. SYK-6 #£® feruloyl-CoA synthetase (FerA), feruloyl-CoA hydratase/lyase (FerB and FerB2), aldehyde

dehydrogenase (DesV and LigV)

(12 & % sinapinate 25 #.
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1

¢
|
¢
|
¢
COOH
CH30 OCHs /@
OH
. - HO OH
syringyl lignin OH DesB
v gallate AB
COOH COOH COOH COOH COOH
)(j drolase (ﬁ\
- r =
CH3O OCH3 CHO CHsO o) Hooc | HOOC
HO COOH HO COOH 0" 'COoH O COOH
syrlngale 3IVIGA CHMOD enol form keto form
OMA OMA
i i %&/’ lmJ
¢ LigAB
C COOH COOH
Jal 5
OCHs 0% 07 ~COOH HOOCO COOH
on PDC CHA
guaiacyl lignin
v lum
v LigC
¥ pyruvate
+
COOCH COOH COOH
LigAB oxaloacetate
CIHC/|
OCH3 OH
OH OH HOOC COOH
vanillate PCA CHMS

Fig. 9. SYK-6 £RIZ 81T % vanillate & X syringate {15,

Enzymes: LigM, vanillate/3MGA O-demethylase; LigAB, PCA 4,5-dioxygenase; LigC, CHMS dehydrogenase;
Ligl, PDC hydrolase; LigU, OMA tautomerase; LigJ, OMA hydratase; LigK, CHA aldolase; DesA, syringate O-
demethylase; DesZ, 3MGA 3,4-dioxygenase; DesB, gallate dioxygenase. Abbreviations: PCA, protocatechuate;
CHMS, 4-carboxy-2-hydroxymuconate-6-semialdehyde; PDC, 2-pyrone-4,6-dicarboxylate; OMA, 4-
oxalomesaconate; CHA, 4-carboxy-4-hydroxy-2-oxoadipate; 3MGA, 3-O-methylgallate; CHMOD, 4-carboxy-2-
hydroxy-6-methoxy-6-oxohexa-2,4-dienoate.

6. SA AL Y F = BEEY LTI, TomfeLeise & OWBRRLEE, kg
WLERRT VT ) 7SR 7 & OALFRIALER, AR A

KENA I~ AN OxE ) —VERET, £ HWEAMLE 7 Eikx R IR BRE S
(CHTALER, B, FEEE. MO 4 B Sr> TW0D (46, 47), LinL, U 7 =2 OiiE 7MY
TEY ., CODFAERTENN TR NF—{HE  MECEME G, LSO T2, Y 7
EBREWEWOIREEZI A TS (Fig. 10; 2 =2 %4179 2L ORTLEIZEZ L D= R L X
FUARN AR A1, 2008), RENA A~ A —READBBEASIND Z ERRBEO T F L
Z AL - B SRRE(LIE TR LT D RO FiTLER & F—HBEEHRORE RER L0 >TND (48,
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49), ¥£7=. U 7= 3N LIERICRAE L, BE b
ROE T2 L bIBITWNDS (50), =
NHDZ LN, BB FHEIC X - T
BER DY V= BARBSED 2 LR/
SUNEGHRY S SR ET S kI
kv, V27— 2DRHER KL O D%
DT 0 ZAOREWEST DL LB
EENLTWD,

2.5+
2.0
1.5
1.0 o

054 o

IRJLF—HERE (MI/MD)

..
T T T T T T T T 1

0 10 20 30 40 50 60 70 80 90

SEEMESD ZYHLE (g eq CO2/MI)

0

Fig. 10. #8F 1MJ BUERF D = /L ¥ —{HE & &
CO HEHI &,

Symbols: gasoline (black circle); diesel fuel (black
square); corn (white triangle); sugarcane (white
square); oil palm (white diamond); wood (white circle).
(BT IEHRAHFZERT, 2008)

CNE T OREREEE ) V) 7 ) — Lk
KIS T 53 ESERBIFEF TV LF
2 b—va SN ER S, U 7=
OGS G 2 DB b TE 2 (51),
TNT 7T 7 RRT ZIZF T cinnamate 4-
hydroxylase (C4H) . hydroxycinnamoyl-CoA:
shikimate hydroxycinnamoyl transferase (HCT),
coumaroyl shikimate 3-hydroxylase (C3'H) } %
caffeoyl CoA 3-O-methyltransferase (CCoAOMT)
7 EORBEIE LI RO V=&
EEEFHH LR OI, V=082 NG
IR T S5 2 L2 Lo Thibzh =03 m |k
THIEDNRINTND (52-54), LL, Zh

Fei

11

LOMEREEE Y V) — VRRICE ST 5
BFDOE T X alb—v a3 li-T, i
DAEFELERCHE, ML O O EZ 72
EORFENBEENDGENH D (55, 56), E
V7= DERHKICEE T DB &2
D) = EREROBAICE DM
JaREE DR N 25| & E Z 37210 Tide<, 77
R A RigEOIRHEW D EPEIC
ERIETZ ENEFHECHERE 25 & &
CTHERLEEZLNTWD (56,57), TDI=,
B ) )7 ) —ARBICED 586 %
EHRERET D HIEL TR R/ r=
BEHIROMESLINEEINL TN D,

WA, Flc/e ) 7 = WA O—>L LT
monolignol ferulate transferase ZfEM 23\ TH
BPEXEHZLT, B@BHEDOY F = FITIIFIEL
72\ monolignol-ferulate #5& % U 7' =28 A
TLHENRE SN (B8), T E TIT
coniferyl ferulate %43 FHIZFRFHOANLY 7=
DERLE L, TR VBT K D3R a 2T 5
W EAUREINTWVD (59), FEEEIZ Arabidopsis
5 2k @ monolignol ferulate transferase (AsFMT,
At3926040) ZEA LK F T DY Z =1 Hic
3T sinapyl ferulate & coniferyl ferulate 7381 %%
S, WEIZEEL 5 2 TIOR3 m B L
- L AHE SN TV (Fig. 11 A) (58).

WHDOE ) VT ) —NVOAEAKICBEET 5
BARFEZHIET S Z LI XV IEFREFICK
B & enb, X7 T U THEROE Y
7 ) — VERRE R BRI A EWICEAT D 2
LTV V= g2 WA T D bITObNT
V%, Pseudomonas fluorescens AN103 % i3k D

ﬂ/
oA

hydroxycinnamoyl-CoA hydratase/lyase (069762)
%38 A L7= Arabidopsis DZERIKIZBNTY 7
= EOHE LRI AFRER ENFARSTY



% (60), AHHL X (R TIXBFAERR & el L CTA RIS
WBEG525Z L7 ) T =0 DR KK
FALDBIER S du, BE LR L L2 &
W STV D,

F/o, MRbECARKRT DY F=r T8k E Z
—5y M T & THRWIKR~DORELIZ
T2V T =V EEITH 2 E N TE DA
bo, V7= EENDB-aryl ether fiG D
Cofiiz 7 MEEIZEBT LT B Y FTO
RN S D Z BB TN D (61).
U7 =ik b %< &£ B-aryl ether A
D Cofrzlr MEE~KETHZ L HE L
T. SYK-6 £k Ca-dehydrogenase iEfs+
(ligD) %3 A L7= Arabidopsis Oz AR 23E
H &7z (Fig. 11B) (62), AHHHE 2 K751
LigD /EPE R S 4L, U 7 =0 F D Cafir
- MEE S EFAERE & i L CHEICHEML T
WD ZEMRENTZ, ZORRIZY 7= EARK
DF =72 Y — L & LT, SYK-6 #R2S B4
DR RMED SO BERTEDN A D) 2 I T B
TN,

A HO
:@WO
CHz0
OH  HO. O o
= = =
ASFMT
—_—
OCH3 OCHs OCHa
OH OH OH
coniferyl alcohol  ferulate coniferyl ferulate

B

CH30

O

CH
6]
CHBOD\R

a-keto-p-O-4'linkage

OH
LigD e

OH
9 —_—
CHBO:©\R

p-O-4'linkage

RO RO

Fig. 11. (A) Monolignol ferulate transferase (ASMFT)
(2 & % coniferyl ferulate ™4 A%, (B) LigD (2 Xk 57
b3 —VIRIB-O-4'#EG D MRLA~D IR

Fei
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7. V= OT¥R A

V7= o T¥EFAE LTUTREH LT
D RGEWFRITH AT D5 BIROF AR T b
%o BT SNVT B OARM G ) 7 =2 2 bk
BT DB AET L ks hiz) 7=0%
FEHNE 2 G0t iE T FAI Sy DBRE K O
BICRBES LV TRED = X L F—JH & L
THHENTWS, £, @ FYr7=r% L
EMICHAT 2 5L LT V=0T = ) —
VFERORMMARET NG, V7 Erm—
AN T = ) —VEBERE N A BRMEAKEEE T
WETL2ZLICEoTY =0 G 7=/
—NgLenrmn—2 G KEIZOBET S Z
ENTED (B3), AHEZ Lo THoNZY
=T )= NAHERIT T AT v 7R
Fl, RY <= IR TE 5 2 Ll
ENTWD (63),

—7. VI =rERagre L, "o TV TE
e I TR E DA I E 2 23 2 £t oo B
FEBHFF S LTV 5, P.putida KT24408%13 Y 7
= HKALE W TH S ferulate, p-coumarate,
caffeate, vanillateZs &2 U CT& 2 2 & 03/RE
SNTERY (64), EHRPAEVE T TEIHEIER Y
=R TR O RTEER L D
polyhydroxyalkanoates (PHA) %43 % Z &3
MHNTWD, fxilt, P.putida KT24408k % f v
ThyEmadXELT VA VL LTHES
NV Z = MHBPHAZARE LT 2 & i
S TW5 (65), F7-. Ralstonia eutropha H16
BRIZ Y 7 = D8R T & % 4-hydroxybenzoate
FIE FICBWTPHAZ AT 5 Z L3 b
TW5%, iU, R eutropha H16 £k IX 4-
hydroxybenzoate7» & PHA % 7.5 # £ T63% (wt)
FTEMTE D Z L S, gentisate X Y



Fei

protocatechuate # Jk ZJi & L 7= 5128V TH FH L 7= vanillin 75 @ PDC A PERDMEZ ST

PHAZERET 2 2 LAVREniz (66), W5 (70), 5%, ZERIEED Y 7= BHR(L
YAFFEE & HULR TRT, IR EITE AW b0 PDC AFEROBENEEND Z &

DOILFERFZEOBEE T, SYK-6 Hh3 U V= ik Inb| SYKB BRORk 4 722U 7 = " RiK(LEaY

LA O FARHY & L CARRT D 2-pyrone- OB G T AR EL T L HEELZH &

4,6-dicarboxylate (PDC) (Fig. 7) 3 =it&rEtEfAHE (ST 2 0ERH D,

MEOIFEEHMEAE & LCRIATE 5 Z A

&7, PDCIFEMET D Z LICk>THRY

~—bTHZENFETHY . AEN7ZPDC 8. #AEMITEIT B phenylcoumaran B &%

RY AT L, BWBZEIEE RBR O T DOR

A RINHEETHMEEA LTS (67), %

72, PDC Z'B#& & 95 R U EESHIN AR S Z X E TIZ phenylcoumaran BALAEMTH 5

L. B, A AR O MmE gAML T 2 dehydrodiconiferyl alcohol (DCA) 43 fi#f% ¥ 12

ERREESNTNWD (68), V7= %2T /Y DWW TIXERE TH D Fusarium solani M-13-1 £

—=feR_REBTRIETHZEICEST La-7m 7 A7 5 U7 O Sphingomonas

vanillin 23 L) RIR TR LN D Z &5 paucimobilis TMY 1009 FRIZ IS W TH A S 4TV

(69). SYK-6 1 &% O P. putida OE#FEEAR 1% 7] % (Fig. 12),

A Fusarium solani M-13-1 GHz0H
H3COC OCHs
OH
CHO 5-acetylvanillyl
OH alcohol
@ +

o]
@ OCHs COOH
OCH3

OH

OCHs

vanilate
COQOH
I
ﬁH
CHO HC
+
OCHs OHC @ OCHa
OH OH
DCA-C vanillin 5-formylferulate

Fig. 12. (A) Fusarium solani M-13-1 #RIZ 1T 2 #EE D DCA R, (B) Sphingomonas paucimobilis
TMY1009 FRIZF51F % HEXE D DCA LR

13



F. solani M-13-1 k% £ 725 DCA % ME—
DIRFEPR » =XV F—JE L TEFTTE O8RE
L CHifE S 41, DCA BEERFHZ A L LTHD
NTALBEY N D R BHEE STV D
(71). F. solani M-13-1 #kIZ#\ T DCA 1% B B
MEH CyNL T v — N T T b R bEh
7= DCA-L Z#H L CHAR VBRI L S Tz
DCA-C IcZ&He X5 (Fig. 12A), & D%, DCA-
C ® B BRI, Co-CPpRIA %1}, 5-
acetylvanillyl alcohol & vanillate Z#%H LTI
INDEHEESNLTND
TMY1009 #k Ti% DCA ZEHaRE 2 K 4H L 7= Fli % D
2R ERR & D THRGEY O RE BT LTz
(72), =Dk, DCA-C, DCA-C & A E&fill#H Cy
AL L 72 DCA-S, 5-formylferulate, vanillate
DR STz, 2 OFERN D DCA IEHID
Z B BB Cyfr T L 3 — A LR R
b, D% ABRMEE CyRr il L. Ca-CB
BRZ4 % %2 17 C 5-formylferulate & vanillin 2342
THEHEIN TS (Fig. 12B), F7=. S
paucimobilis TMY1009 #k(Z35\ T DCA-S % 5-
BHA DIEEZ AT
% lignostilbene o,B-dioxygenase 7% 4 Fl#HE S 41
TW5 (73, 74),

—7J5. S. paucimobilis

formylferulate & vanillin (Z

9. D EHY

Phenylcoumaran (XU 7' = HIZ& N D501
s S DF) 3~10%% 5 TR Y (75). lMicEH
JoV 7= ERRAIERE TR S D
g BREEMDO o THDLZ ENMbR
TW5 (13, 14), M- T, NI TV TI2LD
phenylcoumaran DR A 525 2 &%
WA X DU 7= oy fREERE O fR I A

e}
1t

14

LT, V7= AERE G T2 EY O
U7 = REEDWERY 7= b OB
PEIZFIAT 2 ECTARAIRTH DL EBEZBND,
L22L, BBEETIIAZ T I TIRBIT S
phenylcoumaran OARFHZREE 92 k0 FLi%, (R
BO—HPPA LIS TNDITBRE T, BERE
LOEEFIZET2ERITIZEALEHGONT
AYAJ7AN

U 7 = kLG5 i @ Sphingobium sp.
SYK-6 ¥ki. phenylcoumaran & TH 5
DCA Doy fieE% A3 5 D8  AKRIZR W T b
I B ORI I B -3 2 B SRR 112
B2 RAITELN TR -T2, AFZETIE
SYK-6 FRIZ331F 5 DCA DFEfl 72 AR 4 HE
ETDHEEBIT, RS T R T&
[FE L, BREETOMRBEZMAHT L2 L% H
e L,

RECIX, T,
THER SN TEY
NETIATONTEMAEY. BT I T
BT DY 7= HREEMAHIZE T D0
g8 % DR LT,

%5 1 B ClE, SYK-6 BR a2 v T
DCA OIHPEM Z[FET % Z £ 12k > T DCA
DICHIRIE A HEE LTz, & BT DCA DA
BePEIZ 31T D MlR - D R, BSOS
PE. & U CAHAEESE O IR N RTENEZ B 5 26
L7,

5 2 BT, DCA RO 1 Bl & 55 2 B

Wb LR BB T ORIEZRART, HIHIT
SYK-6 BRDBIET-7 A 77 U —7i»n 5 DCA £

REZfE EICH R DMREL T2 HEE L, HEEL

Binf L HEAEMEZ AT 2 EBOBREER T
DFEREMFAT 21T > 72, 5tV T DCA ZEHafE#RIC
&> T DCA MHART % DCA-L DZE MR

l'gl:b



It

=
=

BEFERET D0, BEREESNTE BEFE2ELIETEONZMRLBETORE

aldehyde dehydrogenae {5 FIC DWW THEFENZ: 7o 77 AL PR LEEEZIT o7, [FES

T 24T > 72, 7z DCA-C B FER FIZ oW TIE, IR
% 3 FTlX, DCA-L BH#RIZ L > TDCA-  TEMOBERFIGEEEEEZH LM LT,

L »5AERKT % DCA-C OEHIZRE G- HEEHR
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&

1%

% 1 E Sphingobium sp. SYK-6 ¥&iZ331F 5 dehydrodiconiferyl alcohol (DCA) @
R DAFHA

i

[l

Phenylcoumaran {3V 7' = HIZE N5 50T
[EI#E G OK) 3~10%% e TH Y (75). MIZEs
JoV 7= AR TR S D
i T BIMEEHMDO—HoTHD (13, 14), Zh
F TIZ.
dehydrodiconiferyl alcohol (DCA) @ 4312 B
9% %0 FL X Fusarium solani M-13-1 £t & OY
Sphingomonas paucimobilis TMY 1009 #k(Z3 TC
WEIN TV D, M-13-1 BRI T, DCA I
RANC B BRAIEH Cyfr23 7 L7 b RICEH S
72 DCA-L Z % L T B BRMUIEH CyNL A I LR v
Mo it & 7= DCA-C ~tZEH# s 5 (Fig.
12A) (71), =Dk, DCA-C ® B Bl Ca-CB
M CRHALAEL X 7= %%, 5-acetylvanillyl alcohol &
vanillate ~Z# I h TR# I D, — .
TMY1009 #1243\ T, DCA % B BR{Hl$H Cyfhr
PRI VIR CEEICEEE ST DCA-C ~ LA X

phenylcoumaran ! & 5 L {k & ¥

FEEE J7 R

HRE, 7 A IR, BEEEH
SYK-6#k1lysogeny broth (LB; 10 g/liter of bacto
tryptone, 5 g/liter of yeast extract, and 5 g/liter of NaCl)
H L < IZ Wx-SEMP (10 mM sucrose, 10 mM
glutamate, 0.13 mM methionine, and 10 mM proline)

Hid (38) &\ T30°CTHiZE L7, IRERGEIC

NT-te. A BRMISH CyNraS ek L 7= DCA-S ~&
EHr i, A BRMIEH Co-CRRHEA%Z 1T T 5-
formylferulate & vanillin ~ & Z5#a S TGS
% (Fig. 12B) (72), TMY1009 #ICFU Tl
DCA-S @ A ERflI$H Co-CPRHZIEMEZ R
lignostilbene o,B-dioxygenase N E STV 5D
P, WK & HIZ DCA OFEM 2RI & OMR
HNCB D D M OBEF B F OFIEITITE- T
AYAJ7AN

Sphingobium sp. SYK-6 ¥kiZ DCA D43 fifhE %
AT 20, AR K ORI B3 R E
BFIEH LS TWRY, 1 BT,
SYK-6 #RIC #5175 DCA DFEMM 7 TR K 4 4
ET DI EHHERE LT, SYK-6 RO MMAafhH
% T DCA ORFIPRIEZFIE L. KX
JSBEBEAZ DU N THIIE - BRI, IERTEME DR E
PE. R O/ RTE &2 T~ T,

B HIRGHE [ IL TS TORE160 rpm, /3
TNALE T T A2 TORFEIZI20rpm e LTz,

BER, RE, AE, BaTHRIE
AR R M OB O 71513 E € L Takara
Bio Inc. (Shiga, Japan), Tokyo Chemical Industry Co.
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Ltd. (Tokyo, Japan), Toyobo Co. Ltd. (Osaka, Japan),
Wako Pure Chemical Industries, Ltd. (Tokyo, Japan),
Sigma Chemical Co. Ltd. (Missouri, USA), New
England Biolabs Inc. (Massachusetts, USA) & Btfla
BIEIZHE > CHEH L7=, DCA, DCA-C, DCA-CC,
DCA-S, 5-formylferulate | #x A ¥ A BF 22 FT D 28 1L
IEZREENLEY 2 b D2 Nz, Zhb
DO HE 1100 mM & 7 5 K 9 (2 dimethyl sulfoxide
(DMSO) T¥fi# L T-30°CTHRIE L7z, A2
{5 7-#EIX. Molecular cloning (111) K& UV A A
FRA T A ML AT v NEEZE (112) IZiE-T72,

HPLC D 43 #r4&4t:

High-performance liquid chromatography [HPLC;
ACQUITY ultraperformance liquid chromatography
(UPLC) system; Waters] & TFACQUITY TQ detector
(Waters) % W7o o Setb & LU R IR, BEhE
(F0.1% DX & GTe 7 & ~ = h U L25% & /K75%
&L THEIZ03 mminTHT L=, BT A%
TSKgel ODS-140HTP column (2.1 by 100 mm;
Tosoh) ZfiH L 7= (76). Electrospray ionization-
mass spectrometry (ESI-MS) @ f& H I3 negative-ion
mode T1T > 7=, i 4:f41Zcapillary voltage, 3.0 kv;
cone voltage, 10-40 V; source temperature, 120°C;
desolvation temperature, 350°C; desolvation gas flow
rate, 650 liters/h; and cone gas flow rate, 50 liters/hC

SR EAT T2 (76),

SY K-6#k D Ml R D 3
SYK-6FkZ LB T24 hi5 38 L /=358 45,000 x g,
15 min, 4°CCiE/ LBl U CTHER L. BIAR 2 Wxbs
TYEH L TODeoo30.2 & 72 D L 5 ICWx-SEMP £
HUZHEES L7=, DCATHEZ 7T 55515 1L 0Deoo
M05I27: 5 £ THiFE L, DCAZRKIEE2 mM & 7
HEOCHIMLTEDLIC2 iR L, HEREY

17

=
=

5,000 x g, 15 min, 49°C 1m0y BfE L CHERE L, HIR
%50 mM Tris-HCI buffer pH 7.5 (buffer A) T¥&% L
7=, Buffer ATRRE U 7 B 4 2 88 5 Mk (UD-
201; Tomy Seiko Co. Ltd.) (36) T & -~ Tl % Al At
L7z, 15 DAV BRI % 19,000 x g, 15 min,
4°C T BET 5 Z LI K 0 Ry 2 R
IS A MR R & U TR, MR iR oo —F
[ZOWTIE, R4S~ ¢ L% — (Amicon Ultra-
0.5 mL Centrifugal Filters; Merck Millipore) % FHu>
T3kDabll FOEIZy &R Lz, # v /37 O JE &
IZProtein Assay Kit (Bio-Rad Laboratories Inc.) %
VW7o BradfordiE TITW), #RMESY X7 BITIT D &
mi& 7 /L7 2 (Bio-Rad Laboratories Inc.) % ff

W,

DCAZH#LFEW D RIE
Buffer AZ I\ T, TSYK-6ik Dl iz O
) THELL MR (DCA, 500 ug of
protein/ml; DCA-C, 1.0 mg of protein/ml; DCA-CC,
100 ug of protein/ml) & 100 uM @ DCA, DCA-C,
DCA-CC%500 uM NAD*DEAE T £ 7213 IEFE T
IZHBUT30°C TS S 7=, DCA, DCA-C, DCA-
CC & =210 min, 60 min, 10 minidis S8, X
JSHRIZ A B ) — v 2 RN A TSR PSS 2 1% 1k
SH7o, SR A19,000 x g, 15 min, 49°C T4y
BEL CAB b LY o "7 ERE, EiE%
THPLC D 734 4:fF ) 129> TLC-MSTo# L 7=,
DCAK O'DCAD ZEHAFEY) DF5 13230 nmTITV Y,
DCA-C., DCA-CC} UVl BB D25 Ha sy O fg 1T
290 Nnm AT > 72,

SY K-6¥R DA HIHK D 53 i
[SYK-6k D iR ORI T 57z

i 79 ml4 120,000 x g, 60 min, 4°C Tz L L

7 (Optima XPN-100; Beckman Coulter, Inc.), 755



Paraxd

&

iz BTG (K8 ml) & B A % i 2 du ml it
5y ISy & U7z, B 53131 mlodbuffer Al
L7z, # > /37 &DE&IIDC protein assay kit (Bio-
Rad Laboratories Inc.) % FV 7z Lowryit TITVY, AR
Ye 2 R\ viE T V7 2 v (Bio-Rad
Laboratories Inc.) % f#fH L7=,

SYK-6¥RDDCARENT B 1o 2 BEsR OIEMERIE
[SYK-6 #R Mt OFHERd ) & Tl

AL U 7o Miakh e AT

5y, K OVEEHE 4y (DCA, 300 pg of protein/ml;

WO HE | (ZHE-T

DCA-C, 500 pg of protein/ml; DCA-CC, 50 pg of
protein/ml; DCA-S, 200 pg of protein/ml) & 100 uM
@ DCA &k (" DCA-C % &A1 DAFE T [500 uM
NAD?*; 400 uM pyrroloquinoline quinone (PQQ) + 400

pM  1-methoxy-5-methylphenazinium methylsulfate

1%

18

(PMS) + 3 mM CaCly; 400 uM flavin adenine
dinucleotide (FAD) + 400 uM PMS] & 7= 13 IE1E4E
TIZBW TGS, 100 uM @ DCA-CC KT}
DCA-S (I[N 1 Z 9IS & 7=, DCA,
DCA-C, DCA-CC, DCA-S % %274 30°C T 10,
30, 5, 10 min )i S, methanol % % &2 TR
KOG EAFIES ¥ T, KSR % 19,000 x g, 15 min,
4°C Tim DBl LT BT BIEICHIREE 17% &
725 & 9 12 50% acetonitrile % /Il 2. C HPLC Tor#T
L7z, THPLC D4t Sefth) 124t - THBT 2470,
DCA, DCA-C, DCA-CC, DCA-S Dl EixEh
2277, 327, 324, 323 nm & L7z, BERIEMED 1
unit (U) 1, 1 min %4729 {2 1 umol O FEE % J§ib
SHLWHRELER L, BROHIEMIT Umg of
protein T& L7,
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1. SYK-6 BRIz & 2 DCA REEH DRIE

SYK-6 ¥RIZH51F 5 DCA DRt 7 (kg %
HEE T D721, 2mMDCA f71E FChsE L=
SYK-6 #kOMfafh HHRIZ % DCA DZEHAFEY)
DRIE&EIT->72, SYK-6 B (500
ug of protein/ml) & 100 uM DCA % 10 min St
S, MSRERIK o~ NI T T 4 ——< A
AT ha A Y — (LC-MS) THHF L7, L
73 L. DCA O &3 b 7p < | 2 EY) O] E
\ZIZE B2 h > 7= (Fig. 13C), % Z T, 500 uM
NAD*DAFFE FC SYK-6 BRI #E (500
ug of protein/ml) & 100 uM DCA % 10 min S<)iis
&, SR E LC-MS Tl Lz, = OfEH,

it

DCA Db & LRF5RFH] 2.3 min (compound 1) &
3.2 min (compound 1) (ZFUSEER D ¥ — 27 5tk
H & 472 (Fig. 13A, B), Compound | & DCA-C
i DPRFFRF I R OV 7 = s bAoA o D miz
DL 5 compound | (£ DCA-C THAH Z L3
RENT (Fig. 13D), =L 7 hu A7 L—A F
M~ AR b A KU — (ESI-MS) 4
Mr (RHT 4 7F—F) OFERENS compound
OB 7a ~AbA A D miz 1 X355 THDHZ
& VR E G, compound 11 1 DCA @ B BR{IEH
CyfL7 /v a—/LRT VT b RIZ#{bEhiz
DCA-L Th % & &7~ (Fig. 13E), Bl Lo
fEFA 5. DCA I DCA-L ##%H LT DCA-C
~EBbEND Z L AURE ST (Fig. 14),
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DCA f#1E F THs#E L 7= SYK-6 #Rofilash ik (500 pg of protein/ml) % 500 pM NAD*7E7E F £ 7213 9E4F
fE£FC 100 uM DCA & 10 min K& &, KIS % LC-MS TH#r L7=. HPLC 3 #ridf i & 230 nm T
1To72. (A) NADYFTE FIZ31F % SYK-6 Hiffifath ik & DCA OISEZ D HPLC 7 m~ k77 A (B)
NAD*TE(E TIZRIT 5 SYK-6 BRffafh ik & DCA D 10 min 0 HPLC 7 n~ 7' F 4. (C) NAD*
FEATE FITEBIT 5 SYK-6 HiAtlash ik & DCA O it 10 min % @ HPLC 7 v~ K 77 . (D, E) compound

| KON DRTT 4 7 A A ESI-MS A7 kL,



OCHa OCHs3

DCA DCA-L
[M-H]- = m/z 357 [M-H]- = m/z 355
?OOH
CH
CHO HQ
— ~OCHa OHC” * ~OCH3
OH OH
vanillin 5-formylferulate
[M-H]- = m/z 151 [M-H]- = m/z 221
?OOH
CH
COOH HQ
. o
OCHs OCHa
OH OH
vanillate ferulate
[M-HI~ = m/z 167 IM-H]~ = m/z 193

Fig. 14. SYK-6 ¥RIZF1F 5 DCA DR,

OCHs3

DCA-C
[M-H]~ = m/z 371

QOCH3

DCA-CL
[M-H]~ = m/z 369

QCH3

DCA-S
[M-H]~ = nv/z 341

OCHs

DCA-CC
[M-H]~ = m/z 385

{bEW4% O TIZ DCA KOS o7 a ko AbA 4> D miz &7,

2. SYK-6 #ic & 5 DCA-C REEHDFE

DCA-C OZEWEY) % [RIET 5 7212,
DCA f71E F T L7 SYK-6 £l fih Hiik
Z M\ T DCA-C DRz T~ 1=, RIS
Bz X > T 3kDa Lk FOES T EISZIFEAE
Br N7z SYK-6 Kk ol i fil H R
protein/ml) % 100 uM DCA-C & 60 min )& &
. LC-MS T/ L7-fER, (REFRFRT 1.9 min
WG EEY O ©— 2 (compound ) 23 B H &
7= (Fig. 15B), ESI-MS 7341 (% AT 4 7 E—
R) AT ook, AMeamoli~7m kbAoA

2 mM

(1 mg of
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D mlz 1369 ThdIENnrmIi,

compound 111 X DCA-C ® A B&{HI$4 Cyhr 7 /L =
—/IRT AT e FiZiR{bs iz DCA-CL Th
% LHEE Siz (Fig. 15D), —77. BRA A L
7= SYK-6 #kooffafhitti#k (1 mg of protein/ml)
(2 500 uM NAD* Z s L 7= 854, 100 uM DCA-
C 2 HARFFEER 1.0 min (compound 1V) & 1.3
min (compound V)® ¥ — 7 3 & 7= (Fig.
15C), compound IV & compound V [ 3A% it DR
FRFH M O 7" & b oAbA A2 D miz & D g
MB, ZFHZ vanillate & ferulate T 5 & [
iE S (Fig. 15E,F), LA EOfE R A5 DCA-C
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Fig. 15. {54y & FRu 72 SYK-6 BR Ol fadfi i iRIZ L % DCA-C D2 #.

DCA f#1E F TH:#& L 72 SYK-6 FE DMl ik 7> & BRAMIEIEIZ K > TS Tl 53 &2 BRUO T HEESR (1 mg
of protein/ml) % 500 pM NAD*{F1E T % 72 1ZFEAFAE T T 100 uM DCA-C & 60 min St &, UG & LC-
MS CTo#T L7=. HPLC Z3Arid M i & 290 nm T17 5 72, (A) NAD*IEMFE FIZH 1T 5 SYK-6 MEHIEESE &
DCA-C DSGE# D HPLC 7 i~ k27 F A, (B) NAD*FETELE T IZH 1T % ik 60 min # 0 HPLC 7 o<
~27"Z 5. (C) NADHFAE NI HIT 5 K& 60 min # 0 HPLC 27 v~ k27 4. (D) compound Il O 75 ¢
7 A 72 ESI-MS A7 kL. (E) compound IV DA77 A A ESI-MS 22 kL. (F) compound V

DAHT 4 T A F > ESI-MS 227 kL,

IR ORMAELEL L WEERIZL > T
DCA-CL (ZZ&# S, TD%, NADYKAFMED
aldehyde dehydrogenase (ALDH) (Z & - T4k
N7t vanillate & ferulate (23R S5 & HE
E STz (Fig. 14),

3. SYK-6 #kiz & 5 DCA-CC RFEMDFEIE

DCA-C X DCA-CL ~ & Z#: Siiztk,
vanillate & ferulate ([CE#AI D Z LRSI
72723 DCA-CL 75 vanillate &% T ferulate £ T
OB ORIEITIZE > T, Ll
IR RN A K o TR Tl 5y & FR 7
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SYK-6 #Roffiflafifittiii 2z DCA-C & i S ¥
52 DCA-CL 2MERL L7212 LT, NAD?
TEAE FIZHB W T vanillate K2 O ferulate £ TZ8
BL7-, 26Ok D DCA-CL 1T NADHK
D ALDH (2K > Tk S 415 2 & 3R
Entz, ZORIICE 5T DCA-CL 1T A ERfl
B CYNLT VT & RS VR U ERICEIRIE S iz
DCA-CC lZ&as 5D & P&, £ T,
DCA O HE#HM & HEE 772 DCA-CC DX
BRI 2 [FET 572012, 2mMDCA f74E F T
B:#& L7 SYK-6 BEO MM AQHhH H#K (100 pg of
protein/ml) & 100 uM DCA-CC % 10 min )i &
., K% LC-MS THotT L7z, & DOfER,



g

DCA-CC Djsb L AREFIER 1.4 min (compound
VI) & 2.0 min (compound VII) & T 7.5 min
WIS PE D B — 7 D3R &
7= (Fig. 16B), compound VI & compound VII

AR DRFFRFH L O 7" 1 b AbA A D
miz & DN S . £ Z i vanillin & 5-
formylferulate T& % & [FliE &7 (Fig. 16C, D),
—J5. compound VI OEEFFRFR] & i7" 1 - o
{bA A > @ miz 13X DCA-CC & A B{I$H Cyhr i
VIR CEEISHEE L T2 A F AL B TH B
DCA-S #Z5h & —%# L 7= (Fig. 16E), LI LofEE
775 DCA-CC 13 A BRUISH CyfZsifcik L <
DCA-S |2 s 7=, Ca-CB B AT T

(compound VIII)

vanillin & 5-formylferulate (228 S 7= 2 &8

A atstart B 10min
50 507 v

£ 40 DCA-CC E 40-
c c Vil
o 30+ o 30+
[o2] [e2]
N 20

< 104
£

AR (Fig. 14), £7-. DCA-C J U} DCA-
S OEMFEW L L TCENZ ferulate & 5-
formylferulate Nl SN/ Z &6, 5
formylferulate 1% 5 AZD R I VI BLEE L T
RIS ND EHEE ST,

F. solani M-13-1 #k J& O S. paucimobilis
TMY1009 FEIZ 351 1T DCA ZSHa O AR EHHR 3% A3
SYBINTIR SHVTUW 8 ARBIFFE Tid SYK-6 #RIZ
175 DCA H IR Ok % 5> 5 Fig. 14 12
7~ DCA fRUEHRIE 22 HERE L7z, ARSI AA
FJIZ TMY1009 BR THUE S AL7oRERS & ARk TH
ST AT Ko TR OFEM e & 72
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Fig. 16. SYK-6 #kOHifufhi ik 1Z & % DCA-CC D2 H#a,

DCA f#1E F CTHs#E L 7= SYK-6 £k ik (100 pg of protein/ml) % 100 uM DCA-CC & 10 min i
S, UG A LC-MS T/t L7=. HPLC 233k i & 290 nm T1T o 72, (A) SYK-6 #RAlfafifitiik &
DCA O HEH% D HPLC 7 v~ ~7'F A, (B) & 10 min #%:® HPLC 7 v~ k2" Z . (C) compound VI

DIRHT 4 7 A A ESI-MS A7 |

Jb. (D) compound VIl D777 7 A A ESI-MS 27 kL. (E)

compound VIIl D377 4 7 A 4 ESI-MS A7 [ L,

22
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4. DCA REICE 5T 2BER DR

SYK-6 #k? DCA U D EEFE O FetE %
57T, SYK-6 tkIZH1T 5 DCA, DCA-C,
DCA-CC. DCA-S |Zx§4 2 R HATE P D aF H
DWCHEZ{T>72, £72. DCA & DCA-C D
ZE 1~ NAD*, pyrroloquinoline quinone (PQQ)
+ 1-methoxy-5-methylphenazinium methylsulfate
(PMS), flavin adenine dinucleotide (FAD) + PMS
DEINENH % 8~ 7=, DCA 1F1E T £ 713 IETFAE
T TREEE L7- SYK-6 BE Ol % (300 pg of
protein/ml) % EiRk O &K 1O FF7E F T DCA
& RS SEEBRE A ~To, T O, DCA fF
1E F CH; 8 L7z SYK-6 #R ok o> DCA
Zx3 2 A HIEME T, NAD & BN L 72 IR IS e
HE ) 170mU OFEMEEZ R L, PQQ+PMS %7
IZ FAD + PMS Z ¥R L 7= 3A121% NADHRIN
BF0D 35~43% D LG TEN I S iz (Table 3),
F 72, NADRIMEFOIEYEIX DCA OFFAE, FEAF
ETTEZEL-MBIZBODCRE ThHo T2
&5 NADHESFMED DCA BRfbiE#H 2 = —
T LB F IR THBEL L TN D Z LR
e Xz,

DCA-C (100 uM) (%9 % SYK-6 koD flifiufi
HiZ (500 ug of protein/ml) o bbiEMEIL, FAD +
PMS IRINIFICH B 2TEHAL D BLEZE I LT
Gmm&ﬂmAﬁETT%%Lkﬁ@m%®%
ko> FAD + PMS f7#(£ FiZ351F % DCA-C 2
HaIE ML DCA FEAAAE T ChEE Lot ko
FhH & Ei U TR 1.7 {5 &0 > 7= (Table 3),
ZDORERN S DCA Ki#& T DCA-C ZH#aig
TNV L~V THEIND Z ENRBEINT,
F72.DCA-C (£ F T L= A lchB 0 Th
DCA-C ZHUEMNFHFEIND Z L AVR ST,
DCA-CC & DCA-S DTG ML, DCA /1L T

23

THi&E LI
g b s iz,

ICFENENR 1.8 2L 1.3 fZiC

5. DCA R#HCBEE T 2RO RE

DCA NP G T DBER DR EMZ I &2
23 2721, SYK-6 BE DMl ik A it O
(2 &0 FIATEE Sy & DR Sy (S SY) 125y
Lice ORGSR, ATV 5y & B oy 138 & b
TRY LV ARITBEDTNZEI T5% K Y 9.4% & H
e, MEICRIT 2 — i RiEs R T8
DEHIX 20~30%TH v | AWFZEIZHBNTH
ST E Sy OFIEITIRVMETH - 7o, iz
\Z &K D0, RIE & TR Sy O I R g 23
AR LTV Z &b MRS ZHEOFLEIC K
N TR IR L 722 o T2z

WS X7 OICERPE T LT b O & HEE

/\)

L

D N5

iz,
DCA ZE#IEES AR E & Mo &6 512
FELTWD D ZEFHRD 729012, 10 mg O

RIS & E 025 AR 5y (7.5 mg) & M|
4y (0.94mg) @ DCA, DCA-C, DCA-CC, DCA-
ST HiEMEA g LTz, ZDfEF., DCAZE
PR ME L PTYRMEE 5712 NAD Z 30 L 72 R DT%
PENFETH D Z LRSI (Table 3), AfaE
\ZJRTET DEER N DCA ORRLIZ EE e fE %
Rz R siviz, —4. FAD+PMS ik
JNRETD DCA-C ZEHATEME T Al st m 4y & S 5
DOlHE CHEL XL (Table 3), 43 O BRI B 4y
D—WWRENLTERNoTe L EBETDH L
DCA-C ZE#al% 3 73 Ml /e & AR [R5 | 2 A7
T % &E 2 biviz, £72.DCA-CC LU DCA-
S OEHIENEIT T HL b WP 5312 O A
i (Table3), 2GR MIEIZAEAET D
T EDIRIE S AT,



Table 3. SYK-6#k DO flifafili ik, rI¥ATEM Sy, 7> ODCA & DCARS EKIZ R 5 A Mg

Activity? (mU)
Substrate Fraction Cofactor SEMP SEMP SEMP
+ DCA + DCA-C
DCA Cell extract None 217 363 46+ 10
NAD* 160 +2 170+ 2 1401
PQQ + PMS 612 59 +0.6 56 +0.2
FAD + PMS 43+0.8 733 74+4
Soluble None 573 11+6 ~¢
NAD* 110+2 120+ 2 -
PQQ + PMS 20+04 16+2 -
FAD + PMS 15+3 161 -
Membrane None 6.8+0.4 12+04 -
NAD* 6.3+0.1 13+£0.7 -
PQQ + PMS 18+0.2 18+0.1 -
FAD + PMS 9.4+0.3 21+0.8 -
DCA-C Cell extract None 35+04 14+0.8 6.0+0.6

NAD* 24+1 14+£0.2 64+1

PQQ + PMS 32+05 16 £0.3 9.1+%2

FAD + PMS 19+0.6 32+04 27+£0.7
Soluble None NDP 1.7+0.2 -
NAD* ND 1.4+£05 -
PQQ + PMS 1.3+0.3 3.0+0.1 -
FAD + PMS 53+0.6 6.9+0.2 -
Membrane None 0.8 +£0.04 3.0x0.1 -
NAD* 0.7 £0.05 3.1+0.08 -
PQQ + PMS 0.8+0.1 3.2+0.05 -
FAD + PMS 2.4+£0.02 3.8 +0.07 -

DCA-CC Cell extract None 1300 + 30 2400 £ 70 2200 £ 100
Soluble None 1300 + 20 2100 + 10 -
Membrane None ND ND -
DCA-S Cell extract None 180 £ 40 240 £ 20 -
Soluble None 1308 190 £ 20 -
Membrane None ND 41+2 -

ASYK-6 kD ANakh i (10 mg of protein) & % ZIZ& £ 5 AIEEPEE 4 (7.5 mg of protein) & 4y
(0.94 mg of protein) DEEFEIEH % Z 1124 mU/10 mg of protein, mU/7.5 mg, mU/0.94 mg & L TR,

ZNENOMIL 3 BIRE L EEZ R, + [ TEEREEL RS
bND, not detected.
¢(-), not tested.
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BE

SYK-6 FRoosifiahi it 2 F v 7= DCA D24
FBRIZE W T, MHliliESRE OIETFE T Cld DCA @
EHIEVEPR S BHPEM T E A EER LR
o7z, L L NAD*OFFE FCid DCA-L &
DCA-C DApkhMBl%: &7z (Fig. 13B,C), Ziu
D DOFERN B DCA X, AN B BRAAIEH Cyfir 7
b — IR T VT e RIZEEb S 17z DCA-L IZ
EH I, W THNR e~z
DCA-C BT 5 L#HEE ST, £Tedbe &
t, DCA OEELICIE NADHKTFMEDEESE 23 B 5
THLZENTRINT,

DCA-C &R/ Az L > T 3 kDa LA F IR

53 ZBRN2 SYK-6 RO Ml fh i A S
i SRR, DCA-C O A BAISH Cyhrs 7 v
Tt Rk &7z DCA-CL DA BIEE S
iz (Fig. 15B), & 5 (Z[RIE%E NADYETE T
B W T T>72 & 2 A, vanillate & ferulate 734
k% L7z (Fig. 15C), 2416 D FHH DCA-C I
DCA-CL IZZ i S, & DO SUSIZIEAE 7 DU
Mz e LIRWEERENRLE T2 2 LR
STz, F70. A BASE Cyfr A b LR BRI
k&7 DCA-CC DARITBIE I N2>
75, DCA-CL 7 NAD*DIFAE F CAMZ 31T 7=
Z &5, DCA-CL 28 NAD* % fiifig sk & 35
ALDH (Z X > T DCA-CC IZffb S TR &
nbdzZENFHEENT, DCA-CC X SYK-6 £
OHfEHHEEIZ L > TAFARUALE Y T
& % DCA-S }z Ot vanillin & 5-formylferulate ~ &
FH D Z LRI (Fig. 16), Z4LH DK
IS IR OB E LB L LigiroTz,

LI EDOFER S SYK-6 FRIZ3W\ T DCA (1,
Fig. 14 TR TR CR# SN D Z & BRI
B E N7, AERIEIZBWT, i) DCA IZHIDIZ B
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BRAEH Cyfrs 7 L7 & RIS 7z DCA-L
IR S5, ii) DCA-L X B B210IEH Cyprhs
VIR TR STz DCA-C IZf b &b,
iii) DCA-C 1% A BRIUIEH Cyfiis 7 LT & RIZE
#aXi7- DCA-CL IZf#{k. %, iv) DCA-CL
T A BRI CYyMIs LR VERICEME STz
DCA-CC (Zfgfk &5, v) DCA-CC I3t x ik &
17T DCA-S ([T X%, vi) DCA-S I A BR
M85 > Ca-CRpRHZ % 5 17 T vanillin & 5-
formylferulate (222 #2 X 41 % ,, vii) 5-formylferulate
1% 5 AL DA I VI L T ferulate ~ & 28
&S5, F.solani M-13-1 #ki235 T DCA 1%
DCA-L ##H LT DCA-C ~&ZEH SN DM,
Z D%, DCA-C ® B ERllEHD Ca-CPRAZL &
Tfﬁ%éhé_&mm@éhfﬁb(nx
SYK-6 #k & 1357 5 R L B2 bz, —
J7. S. paucimobilis TMY1009 k(23T DCA
I%. DCA-C Z#%H L C DCA-S ~&ZHi X,
I S UTHRE S
NHZENRINTEY (72), SYK-6 #£ & [Fl—
DRFFEHETHD EEZ DTz,

AREETIX SYK-6 #RDABR@fh H iR K O i
H I 2 5y T L C AR U 7= Al 4y & R 4y
Ze I TH SO BRI B 53 2 B8 ol N
JREMEEFRS & & HiZ, DCA (X DCA-C O
EHUZ DWW TR F RISV TRE %
17> 72, DCA O a5 2 NAD* PQQ + PMS,
FAD + PMS {#/E F Clhit L7= & Z A, NAD' 7
TEWRFIZ PQQ + PMS & 721X FAD + PMS T#(EHRf &
b U C 2.6~3.7 {5 D thiEME A 7~ L7z (Table 3),
ZDZ LD SYK-6 FRIZEIT D DCA D2 HIT
FIZ NADHEAFMEDEERE D54 5 2 & 3
SNz, I HIT, NADHETFEM: D DCA ZEHalsk

vanillin & 5-formylferulate (Z



Paraxd

&

I BET S 2 L. PQQ &N FAD {K{F
D 2 HATE A U P VPR T Sy & BT 53 0D i 7 1 JR)
ET 52 ENRBE T, £72.NAD* & OF PQQ
{KAFMED DCA Z AR BRI IR AT FE B
LTS Z ENREIILIZ,

DCA-C DZE#alZ, FAD + PMS Z¥siN1 L 7-35
BIZORIEMED EF (23 %) nElgE Iz
(Table3), ZHHDORFRNE, DCA-C DZHIC
1% FAD 23k oxidoreductase 3B 545 = &
WP ENTz, Fio, ABERIINE & M- o
FITRIET 5 Z &R S, DCA £
DCA-C fF{E T TORFEIFTIR Y L~ L TREE
ENDHZ LDBRENT (Table 3),

DCA-CC ZEHaiE T, #HIK -+ DIEAFAE T CH]
WHEE ISR &7z 2 £ 5, DCA-CC A
R IE, AR ORI Z LB L L WlilaElc
FETOBER TH D Z EIVURE ST (Table
3), £ 7= AE£FE L DCA 7213 DCA-C DIFE T
TORBFIKRN LS L THFEIND Z LR
IRE T2 (Table 3),

DCA-S ZHIENE & AR 1 D IEAFAE T THlE
PERMICR SN2 LD, R oRnE
VL LRWHREICFEET 2HETHD 2
ERME X L7 (Table 3), £ 72, A%t DCA-
C & Uf DCA-CC Z#ifi# 3% L [AlERIZ DCA DIFAE

1%

26

TTORERIIRNL L THEI DL Z &
A3/R S 47 (Table 3), S. paucimobilis TMY 1009
BRI B8 15 5 DCAS & Z& # 12 1% .
lignostiloene o,B-dioxygenase (LSD) #3BH5-9-2%
ZEMNRBRENTNS (73,74), TMY1009 #Ric
oo, af. BB, Yy 7 =v FOHER IS
AFED LSD DIFERHE S TH Y | BRL Uy
DORERL S D EEFR D DCA-S 1T L THEWA
PREA R T Z N E SN TWD (73, 74), L
2L, EBIZ DCA-S OZEHICE G+ 5 EE
HFIEH LM ER TV ALY, TMY1009 £ o
LSD OW, a7 == I (Q53353) LpH 7=
= b (Q52008) % =— K9 % if{x 1 DU HA
IR BN SN TEY (77, 78). SLG_37540
J % SLG_36640 2ot 7=y hEBHYT 2=
v b DOENZEIIT 98%LL DT X WAL
FfEZ R L7z, MMZ T SYK-6 #RD7 / Lz
IZ. SLG_37540 & 1% SLG_36640 LL4tiZ
TMY1009 ¥k LSD a7 = b L UPH 7 =
=v k& 35~58%D 7 X/ FEESIRFINEZ R
6 DDOBIETBIFMET D RSz (Fig.
17), A4, SYK-6 ¥k LSD i#fx 1 DORfisEkE &
TERIL | DCA-S OEHIZE 53 58 is T2 5
MZ LTS BE R B 5,
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Fig. 17. BEJn = 72134 7€ D lignostilbene o,B-dioxygenase & carotenoid dioxygenase ? & Fttsf.

Lignostilbene o,B-dioxygenases : LSD 1_Sp, lignostilbene a,B-dioxygenase isozyme | of S. paucimobilis TMY
1009 (Q53353); LSD Il11_Sp, lignostilbene o,B-dioxygenase isozyme Il of TMY 1009 (Q52008). Carotenoid
dioxygenases : VP14 _Zm, 9-cis-epoxycarotenoid dioxygenase of Zea mays (024592); NCED5_At, 9-cis-
epoxycarotenoid dioxygenase of Arabidopsis thaliana (Q9C6Z1); NCED5_At, 9-cis-epoxycarotenoid dioxygenase
of A. thaliana (Q9LRM7); NCED9_At, 9-cis-epoxycarotenoid dioxygenase of A. thaliana (Q9M9IF5); CCD1_Ps,
carotenoid 9,10 (9',10"-cleavage dioxygenase of Pisum sativum (Q8LP17); CCD_Cs, carotenoid 9,10 (9',10"-
cleavage dioxygenase of Crocus sativus (Q84KG5); CCD1_Pv, carotenoid 9,10 (9',10")-cleavage dioxygenase 1 of
Phaseolus vulgaris (Q94IR2); CCD1_At, carotenoid 9,10 (9',10")-cleavage dioxygenase 1 of A. thaliana (065572);
CCD1_Ohc, carotenoid 9,10 (9',10"-cleavage dioxygenase 1 of Oncidium hybrid cultivar (C3VEQ4); CCO_Mt,
carotenoid 13,14/15,15'oxygenase of Mycobacterium tuberculosis H37Rv (P9WPR5); CCO_Sp, 8'-apo-B-carotenal
15,15'-oxygenase of Synechocystis sp. PCC 6803 (P74334). Putative lignostilbene a,B-dioxygenases and carotenoid
dioxygenases: SLG_09440, SLG_11300, SLG_12860, SLG_36640, SLG_37540, SLG_12580, SLG_27970 and
SLG 27300 of Sphingobium sp. SYK-6; Saro 0802, Saro 2809 and Saro 3580 of Novosphingobium

aromaticivorans DSM 12444; PP1Y_AT11756 and PP1Y_Mpl6341 of Novosphingobium sp. PP1Y; Sala_1008 and
Sala_1698 of Sphingopyxis alaskensis.
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H2E DCA KU DCA-L BHEERBIE T DIFIE & T

&

o

%1 BEOMHT G, SYK-6 FRIZE VT DCA
2% Fig. 14 IRSNLHBEE TR ND Z &N
5 < TR S ufz, A TIE, DCA B 59
HEERBIEFERAT DD DE—HE LT,
DCA KO DCA-L DB 59 % IR B An T
DIFIE &R I, BB OBEREMIT 21T > 72,

% 1 T SYK-6 BROMM A K & 7
DCA DOZEHERIZF T, DCA @ DCA-L ~
DOZEBIENEIL NAD* 2 RN U 7= 85 A B 12 R
W EDURE NI, F 72 NADYER M O ARRESR
TEPE IR 2 JSE L DCA KB RCFHE S
RN Z ED, TV ORERIBES T IIHE K
HIZHBLL TWAD Z ez, 70,
PQQ + PMS %721 FAD + PMS Z ¥l L 72§
BUWTH DCA EHEMEDIEEN Bl ST,
ZIHORER S DCA OZEHIZIT NAD* % 2
:k3 % dehydrogenase % H.02 12 PQQ % 721X FAD

B ik

HRE, 77X I N, HREH

2 CREM L2k & 77 2 X RidTable 412
R U7z, SYK-6HEDRFHITEHLE & RERIZIT - 72,
BRI R I LBRE H 22 IV C30°C TR L 72,
Pseudomonas putida PpY1100#%(%LB % fH\ T30°C
THRE LTz, SIS U CTkanamycin (Km) &Y
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BROEFZRRELE LT HBENELET 5
ZENTRS, —J7. DCA-L i3 B BRIAIEH
CYREDT VT & RN IR ERICE L ShT
DCA-CIZEH I ND Z & HIR &7z, SYK-6 £
DHIFFHHIE Z IV 72 DCA OZEHIZIR T,
NAD*Df7/E FC DCA % DCA-L Z#H LT
DCA-C IZE#a X nT- Z &b, RIKJEIZ NAD*
{KAFMED aldehyde dehydrogenase (ALDH) 73
H4oETHELE,

ARETIE DCA Al R 72 BT 572
WIZ, SYK-6 kOB T A 7T U —mb AT
U —=2 7 %170, B LR R OE
NoORED ZIZHOWNTHEREMT 21T > 72, %
7o, DCA-L BB R B2 [FET D712,
LIRTESRL S 7= SYK-6 #k> ALDH & fnFJEH
T4 77V —%&H T, DCA-L OZEHIEM: % i
L,

nalidixic acid (Nal) % % #4150 mg/l & 25 mg/l T
fEH L7z, E. colilILBZ VN T37°CTH# L 7=,
E. coli DB IR D EIREE M 2 5 U B IR EE
&, ampicillin (Ap) & Km#% Z#0#41100 mg/l & 25
mg/l & L7z,
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Table 4. 23T LIZERE O T T A3 F

Strain or plasmid Relevant characteristic(s)? Reference or source
Sphingobium sp.
SYK-6 Wild type; Nal" Sm" (79)
SME044 SYK-6 derivative; bzaA::bla; Nal Sm" Ap" (80)
Pseudomonas putida
PpY1100 Nal" Sm’ (79)
E. coli
BL21(DE3) FompT hsdSB(rs” mg’) gal dem (DE3); T7 RNA polymerase gene under control of the lacUV5 (81)
promoter
HB101 recA13 supE44 hsd20 ara-14 proA2 lacY1 galK2 rpsL20 xyl-5 mtl-1 (82)
NEB 10-beta A(ara-leu) 7697 araD139 fhuA AlacX74 galK16 galE15 el4- ¢80dlacZAM15 recAl relAl New England
endAl nupG rpsL (Sm") rph spoT1 A(mrr-hsdRMS-mcrBC) Biolabs
Plasmids
pVK100 Broad-host-range cosmid vector; Km" Tc' (83)
pRK2013 Tra* Mob* ColEL1 replicon; Km' (84)
pBluescript 11 KS(+) Cloning vector; Ap' (85)
pT7Blue Cloning vector; Ap' Novagen
pET-16b Expression vector; T7 promoter, Ap" Novagen
pCold-TF Expression vector; cspA promoter, Ap' Takara Bio
pVv39 pVK100 with partially Sall-digested fragments of SYK-6 carrying SLG_24930 This study
pVv44 pVK100 with partially Sall-digested fragments of SYK-6 carrying SLG_05620 This study
pV66 pVK100 with partially Sall-digested fragments of SYK-6 carrying SLG_05620 This study
pVva2 pVK100 with partially Sall-digested fragments of SYK-6 carrying SLG_24930 This study
pVv123 pVK100 with partially Sall-digested fragments of SYK-6 carrying SLG_24930 This study
pKS66-15 pBluescript 11 KS(+) with 1.5-kb Sall fragment carrying SLG_05620 from pV66 This study
pKS82-09 pBluescript 11 KS(+) with 0.9-kb Sall fragment carrying SLG_24930 from pV82 This study
pKS82-12 pBluescript 1l KS(+) with 1.2-kb Sall fragment carrying SLG_24930 from pV82 This study
pT04410 pT7Blue with a 2.0-kb PCR-amplicon carrying SLG_04410 This study
pT05620 pT7Blue with a 2.2-kb PCR-amplicon carrying SLG_05620 This study
pT07280 pT7Blue with a 2.2-kb PCR-amplicon carrying SLG_07280 This study
pT12260S pT7Blue with a 0.8-kb BamHI fragment of a PCR-amplicon carrying SLG_12260 This study
pT12260L pT7Blue with a 1.3-kb Ndel-BamH]I fragment of a PCR-amplicon carrying SLG_12260 This study
pT09420 pT7Blue with a 1.2-kb PCR-amplicon carrying SLG_09420 This study
pT09790 pT7Blue with a 1.2-kb PCR-amplicon carrying SLG_09790 This study
pT24930 pT7Blue with a 1.2-kb PCR-amplicon carrying SLG_24930 This study
pT24940 pT7Blue with a 1.1-kb PCR-amplicon carrying SLG_24940 This study
pCTF04410 pCold-TF with a 2.0-kb Ndel-BamH]I fragment carrying SLG_04410 from pT04410 This study
pCTF05620 pCold-TF with a 2.2-kb Ndel-BamH]I fragment carrying SLG_05620 from pT05620 This study
pCTF07280 pCold-TF with a 2.2-kb Ndel-BamH| fragment carrying SLG_07280 from pT07280 This study
pCTF12260 pCold-TF with a 2.1-kb Ndel-BamHI fragment carrying SLG_12260 from pT12260S and This study
pT12260L
pET09420 pET-16b with a 1.2-kb Ndel-BamHI fragment carrying SLG_09420 from pT09420 This study
pET09790 pET-16b with a 1.2-kb Ndel-BamHI fragment carrying SLG_09790 from pT09790 This study
pET24930 pET-16b with a 1.2-kb Ndel-BamHI fragment carrying SLG_24930 from pT24930 This study
pET24940 pET-16b with a 1.1-kb Ndel-BamHI fragment carrying SLG_24940 from pT24940 This study

2 Nal', Sm", Ap" and Km', resistance to nalidixic acid, streptomycin, ampicillin and kanamycin, respectively.

BER, RE, BHE. EETHE ERERICLAEE~NDBETEA

KRR K OB OE T EIT L= TR L 15 EDP. putida PpY11008k, ~/L/3—7F & 3
A =T —DOREFHEFINE > 7o, AR RBET FpRK2013% £-E. coli HB101fE, M UX=x A I R
BB, BLIE L FERICIT o 72, 7 # —pVK100IZF§4E L 72 SYK-6% D SalliE {5 1

F A 77 U —%FFOE. coli HB10OLEE & & £ %
PUEH TR L7z, A EIEZLBIZ1% (volivol) i
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[ L CODgoo730.51272 5 £ THi#E L 7o, &HFEIK
ZImToORAL, =harkrrn—RA T LV
(0.45 um by 22 mm; Advantec) (ZFE{KEHE LT,
AT VU EIBERE M EICHEEZHELE
D EIZRD X9 IZEVTI0CTAhEEE Lz, AV
T U AT LA Z L mOLB T L TKm
& Nalz & T LB REFHIIZ B AT L CHEG R R &
BT,

PP oNA TV FAB— a VT

PN TV H A= a VNI, DIG
DNA labeling kit A T* DIG nucleic acid detection kit
(Roche Diagnostics) D&BFEIZHE- TIT- 72,

EER D EDNAS L < IZDCAZ RIEME A 7~ L
T BRSO BLEE L 72 =2 2 I R &1l [RE% SR
RLERF%120.8% 7 H 10— A LB SUKEN THBE L .
7D o ROT T ) R Z T T2, D%, T
VB NF 2 — AT | v Z— (model 785; Bio-Rad
Laboratories Inc.) ZH W CFH A A7 L
(Hybond-N*; GE Healthcare) (ZDNAZH#E L7z, A
Y7Ly aRE L, UVESminfidit L TDNA% 2
YTV UICEE L, ATV EA B3
> %65°CT1 hiT> 72, DIG DNA labeling Kit#% H
We T U E KT T A~ —IEIC K Y H O DNAK
heavaxv =Bkl e —7 %L
Too 7R —T7 %L TE5°CT8hLL Eng 7T U &
AEB—=a &7V, AT L EODNAZ IEH
L7, AV 7 L2 & 3R (300 mM NaCl, 30 mM
Na-citrate-2H;0, 0.1% SDS) ~C2[EI¥EH Li=th, ¥
2 (15 mM NacCl, 1.5 mM Na-citrate - 2H,0, 0.1%
SDS) % i\ T65°C C2[al ¥ L 7=, buffer 1
(pH7.5; 0.1 M maleate, 0.15 M NaCl) TA 7 L >
% Vet L7-1% . buffer 2 (buffer 1 + 10% blocking
stock solution) (2 XV 7w % o JALE A LT, B
FIEG PR (Anti-Digoxigenin-AP-conjugate) % &

2 i
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Tebuffer 212 X 7' L v &8 U CEER S JIE 1A
(ELISAYE) 2k A7 L EODNAZIEGR L
72, A2 7 L2 Zbuffer LT L CREIS D PR
Z & LT, buffer 3 (pH9.5; 0.1 M Tris-HCI, 0.1
M NaCl, 50 mM MgCl,) TY-fifb L7, FERE
CDP-Star (Roche Diagnostics) % #sJi1 L T alkaline
phosphatase S it Z K> TA T L LDy 7))
LRI BT EEE (LumiVisionPro 140 EX;
TAITEC) THH L7=,

WERSI|DHRE

L HEL S O E L. CEQ Dye Terminator Cycle
Sequencing (DTCS)-Quick Start Kit (Beckman Coulter,
Inc) #HWTH v FLrofil 447, CEQ
2000XL genetic analysis system (Beckman Coulter,
Inc) MM L7z,

MacVector (MacVector, Inc.) % V7=, FEREIPER SR

= T AR T

/X National Center for Biotechnology Information ®
BLASTP program (86) #fifl L7z, ~/LF 77
FTAAVNERTUALXT T4 A NMZIZEN
£ YVEMBL-EBI @ Clustalw2 (87) }& U*EMBOSS
program (88) #FI|f L7z,

DCAEMBERBIET ORI ) —=v 7
[ZHEAIC LD E~OBEFEA 2LV
5+ 5 723008k D E #a#i /K 250 pM DCA & Km
% & 1r1/5 LB (2.0 g/l bacto tryptone, 1.0 g/l yeast
extract, 5 g/l NaCl) {235\ T1,500 rpm, 30°C CHrzs
L7, K& 12ht% ., K538k % 19,000 x g, 15 min, 4°C
OELIHHT & o TRk ZRE, Bonk hifz
THPLC D /3 #r S| 120E > THPLCTH#T L7,
DCAG fRIEME 2 7 U T G R LA 70> & HLE L 7
I A R&SalTHEL LT ooy 7Y X da
B VRN ISTE S TH Y URIT 21T - 72,
7a—70E% 2 A I RoSalliE{ bk 2 Hviz,
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P R T RN R S T Sall W A&
pBluescript Il KS(+) (2% 77 —=227 LT I
— 7 @2 ZEHT ) ATHE - T Sallll i o HE FE L8
ZIRE LTz,

SLG_05620% (XSLG_249307&E 1 7 DRHL S
T A I RO

SYK-6 DNA #% # #l & L <
quinohemoprotein ADH % =— K3 % SLG_05620
L FH R 2 5 5 SLG_04410, SLG_05620,

SLG_07280 & aryl ADH % =1— K9~% SLG_24930

¥k @ total

R A A 4 5 SLG_09420, SLG_09790,
SLG_24940 % Hilg3 57 Z A ~— (Table 5) K&
Y PrimeSTAR GXL DNA Polymerase (Takara Bio
Inc.) Z M 7= PCR (2 & > T 5Ku#C Ndel AL
Z . % LT 3R BamHI EBALZAHN L 7= 453&
BT O2K%ET DNA Bih 2157, Fohii
ME T % Ndel-BamHI "CiH{k L T pT7Blue D [F]H
AZIZHE A L. pT04410, pT05620, pT07280, pT09420,
pT09790, pT24930, pT24940 ZER L 7=, &7 7 &
I NICEA L E G oSS v—r =
AFENT ) ZHE > CTHERR L7z, SLG_05620 DR E 1
ERALICHA L T
pCTF04410, pCTF05620, pCTF07280 % Htf5% L 7=,

71X pCold-TF @ Ndel-BamHI

SLG_24930 DA E v Z|% pET-16b @ Ndel-BamHI
¥AZICHE A LT pET09420, pET09790, pET24930,
PET24940 % 457=, SLG_12260 |Lit{m 1 Eik NS
(2 BamHI HA F2MFEFE L7272, PCR g
% Ndel-BamHI #41t L, pT7Blue % Ndel-BamHI ¥
L7277 A3 K& BamHI kL7277 A3 K
\ZENZAEA LT pT12260L & pT12260S % 1E
U7, WERYIOMERE., TNENDT T A
R OEA 7R A 2810 L, pCold-TF IZ#iA L
T pCTF12260 % {E#L L 7=,
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SDS-RY 727 YT I R NVEKKE)
BETORBLLONEMESEM T Con&HIE
I, BHE 7 5%, S L 12%DSDS-AR Y T Y
LT R RAVERIKE) (SDS-PAGE) (T L - TFT
ST, BT K0 ZEVE X H 7210 pg D fh g &
100 VO FE &4 C120 mingk®) L 7=, JKENFE T2
VYt [0.1% (wet/vol) Coomassie Brilliant
Blue R-250, 50% methanol, 5% acetate] (2% L T
7 C30~60 min{k & 5 L7z, 7 /L& ik CHaiktk,
i 2% (40% methanol, 10% acetate) (Zi% L C=Ik
Tt LTz, 5y &~— # —IZLSharp Pre-stained
Protein Standard (invitrogen) & Full-Range Rainbow

Molecular Weight Markers (GE Healthcare) % fV 7=,

KIBE %2 % X112 BV 72 SLG_05620 & O
SLG_249307Ew 7/ D3I

Quinohemoprotein ADH% = — R~ 5 SLG_05620
DRET T DFEET T A I FTH%5HpCTF04410,
pCTF05620, pCTF07280, pCTF12260/XE. coli NEB-
10BERICE AL, aryl ADH % 22— K94 %
SLG 24930 DA E 1 F DRI T T A I K,
pET09420, pET09790. pET24930, pET24940/%E.
coli BL21(DE3) FRIZE A L7z, KHEKEZLB + Ap
TL2hMA ERTEE R ATV, B3O AiE#K % LB
+ AplZ1% (vol/vol) #fE L . 30°CTODgoo730.512 72
HETERLEZ, KRBELIMMER D X1
isopropyl-B-D-thiogalactopyranoside (IPTG) % il x .
NEB-10B ¥ & #ix #2 {& |3 16°C T24 h#% & L |
BL21(DE3) E #ia#a{ki%30°C T4 hiF & 21T -7,
£ 4%15 %25,000 x g, 5 min, 4°CTiE Oy L TR
L. Bk %Zbuffer ATHE L7214, &4 % buffer
ATRRE L CB S A 1T & o T A filede L
7o FARESRVANR 219,000 x g, 15 min, 4°CCiz L5y
3 R TN N QI ST G TR ] < S [ g 11 0
HHE L L TR, FRIRFORIUITHO WV TIT

[SDS-R Y 77 UNT I T IVERIKE) | IZHE-
Ta~T,

N
Y
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Table 5. #E2&E T L72DNAT 7 A ~ — DO HEd 4

Plasmid primer Sequences (5’ to 3')
pCTF04410 04410F GGAGGGATCATATGCGTCGTTCG
04410R GGGGGATCCTGAATGGGCCGTGC
pCTF05620 05620F AGGGGAACATATGGCAAGGCAGGCAAAGC
05620R GCGGATCCTGCGAGGCGACCG
pCTF07280 07280F TGATCGGGCATATGTGCCTGCTGGCG
07280R TCGGGGATCCCGGATGGCGCTCC
pCTF12260 12260F GGAATGAGCATATGAAGCGATGG
12260R CGGGATCCGGCAGTTTTTCAACACC
PET09420 09420F GACTGAGCCATATGAAGATCACCGC
09420R CGTGGATCCAGTGCCGTAAGC
PET09790 09790F GAGGAGATCATATGAAGACACGTGC
09790R GTGGATCCCGGAAACGAAAAGC
PET24930 24930F GGAGCAACATATGACCACGACCACCC
24930R TGGGATCCTCTCGGCATGTTCGG
PET24940 24940F ATGACACACATATGCGCGCCGC
24940R CGAAGGATCCAGTGGCCCGAAAGC

SLG_05620 % T'SLG_249307 & 1 /& ixFiE
Y OBERTEM:

[ KWW % 18 312 W 72 SLG_05620 & T
SLG_249307RE v 7 DFEHL| (1THE> TR L 7=
Jafh H%  (10~100 pg of protein/ml) & 100 pM
DCA, DCA-C, coniferyl alcohol, vanillyl alcohol % 4%
MR T (SLG_2493074E = 7 [aryl ADH], 500 pM
NAD*; SLG_05620 7 & & 2 [quinohemoprotein
ADH], 400 pM PQQ + 400 uM PMS + 3 mM CaCl,)
DIFTETIZBWNTI°C TGS/, ThE
1~10 min/<)iis &4, methanol & 4 & 2 TREFE X
A I S, ROG#E 219,000 x g, 15 min, 4°C
TELDHEL TR L L& v X B aBREL,
Bohlz EIEICKIRELI% L 725 X 5 I1I250%
acetonitrile Z il 2 THPLC T/ #F L 7=, DCA &
DCA-CIE THPLC D 43 B4t | IZ4E - THortr L7z,
Coniferyl alcohol & vanillyl alcohol ™ %3 #7 5 1 1%
01%DXEE LT h=1FVU /L LK%E1585K
U5:95& L7cb DxZNENBEIEE LTt
0.3 ml/min T/%r#7 L 7=, DCA, DCA-C, coniferyl
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alcohol, vanillyl alcohol D& i & 1%% 24277,
327,263,279 nmé& L7=,

DCA-LDFRHL

PET24930% & A L 7-E. coli BL21(DE3) #% LB
+ ApT12 hL BB 21T\, 3O oAk &k %
LB + ApiZ1% (vol/vol) #fE L, 30°C TODeno#30.5
WD ETHRE L, KEELImMMEZR D K5I
IPTGZNZ . 30°CT4 hifiE a7~ 7z, il
5,000 x g, 5 min, 4°C Gz 0B L CHERE L, HEIE
Zbuffer ATUe# L7z, B 1A %50 mldbuffer AiZ
ODeoo/35.0 & 72 % X 5 ICIEi# L, DCAZ KR
MM & 72 % 15 IZHN 2T, 30°CT36 hiF#& L7z, K%
i %5,000 x g, 15 min, 4°C T O3B L € EiE %
[l L 7=, %5 & Dethyl acetate z 1 2 CUE¥# L |
ethyl acetatefi /) % [BIYL L7z, Z O#EefE% 3[EIHE Y
W LT, 5 5hizethyl acetatejsy 2 0 —4 J —=x
/3R L— 4 — (Tokyo Rikakikai Co. Ltd.) T L .
benzene : ethyl acetate : methanol (7:3:2) % i BH AL
LT, HE/sa~ s 77 ¢— (Silica Gel 60
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F254; Merck Millipore) % FV T4y L 7=, DCA-L
DORRITIZ254 nmD b T VAL VI Rx—H — %
M7z, Rf 0. 73128152 S 7-DCA-LD AR » k
ZRREHELY | ethylacetate CTHiHH L, @O KR L
—# — (CVE-3000; Tokyo Rikakikai Co. Ltd.) %
WTIRERZE L7z, 15 b7z BRIk ODCA-L %
DMSORIRIZ IR L C THPLCO 43 e ) 124 -
ToHHr L7z, DCA-LOR 13346 nm& L7z,

KIBE % 6 £ AV 7-aldehyde dehydrogenase
(ALDH) =T DORE

YBAFFRE DRI L > THER S 72 SYK-6HK (T
FAES 2 23FE D ALDHIEIE 73 Bl 7T 2 I FZE.
coli BL21(DE3) FRIZEA L7z, &KHEKEZLB + Ap
THIRGEZITV., O RKZLB + AplZl%
(volivol) H## L T30°C TODgsoo730.51272 % £ T
LT, MRELMMEZ2D X9 IZIPTGE A T
30°CTA4hKF#E %4 1T > 7, K54k 45,000 x g, 5 min,
4°COim L4y CHEE L, HIAZ buffer ATHER L
72, 45 B R % buffer AT L Cl S 812 X
o THERE 2 Reple L7, MOARAE 219,000 x g, 15
min, 4°C G 0L BET 5 2 L2 X 0 REETEE 4y &
PR, RiEZ MR E Ui, Sl o
FHUZDOWTIL ISDS- R Y 77 U7 X K7 LVE
RUKEN (ZHE» TR,

2 i
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ALDHODBERTENE

[ KB & % 15 32\ 7= aldehyde dehydrogenase
(ALDH) Bz FORBL) 29> THB L =%
ALDH % & Te Al fafh ik (10~100 pg of protein/ml)
&£100 utMDDCA-L%500 uM NAD*DfE{E T2
WT30°C TG &7z, £E1~10 minfis S
. methanol z 25 &1 2. CEER S 45 1L S H 7z,
B %219,000 x g, 15 min, 4°C T D40 L TR
WAL L& v 0 B ERE L, Boniz Bk
TEE1T% & 725 X 9 1250% acetonitrile % /i1 2 T
HPLCCo#T L7z, THPLCO3#HT &Rt 12ht~ T
S3HT 21TV DCA-LODHE I R (3346 nm& L 72,

SLG_27910f§3E#E D DCA-LEH#EBE

SLG_27910 iRk (SME044) % LB T 24 h £
#L. BONTAEEKE LB 12 1% (volivol) fi
LT 30°C C12h k5% L7-, H5#K% 5,000xg,
15 min, 4°C TiE DB L CTHEE L, HiK% buffer
A THH L=, HEK% buffer A T LT ODsoo
05 L7275 X D IZHHEL L2 SME044 DR I
& 100 uM DCA-L % 1,500 rpm, 30°C TR &8
7o RRPEICHEUELZ 27 B L T 19,000 x g, 15 min,
4°C THLIHEL CTHEARZERET 2 2 LIk VX
JEEAFIE ST, EiEA THPLC O st 1<
e THM L. DCA-L ORI 346 nm & L
776
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FER

1. DCAEHBERBLB T DRI Y —=v T PpY1100#K (238 A L TDCAZ HAKE % J815 L 7=

MR X R38R LT, 300Kk DIEE LA D &

DCAZ I G- 2B R EIs % BB+ 25  DCAZHREZ AT 57 1 — 2 %HPLCIZ L » T

7202, SYK-6KR D74 77V —%DCA A7 U—=27 LI-fER, DCALHEEE /K19
EHRE 21T & A EFf7= 72\ Pseudomonas putida  fE D7 v — 225 Hi7- (Fig. 18, 19),

N 1 2 34 5
2 5 vy " v
< 37
[}
8 21
g AL
(@]
Clone No. (1-150)
6 9
7 8
5- \/ - v

DCA peak area (105)
w
1

] |
0 | I
Clone No. (151-300)

Fig. 18. DCA B HEBIn T DAY V—= 7.
3007 11— DO EHIA O DCAZHABE 2 HPLC /AT 281+ D DCA Y — 7 [ D) Tk L7-. DCAD
MR EIZ276 nm& L7-.
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Fig. 19. JBE#&H{AIZ X 5 DCA 250 HPLC 43 #T.
SYK-6FEDi&EIn T A 77 U —%E A L7=P. putida PpY 11008k D JE & #5414 %50 uM DCA, 1/5LB, 50 mg/I
HF~A 2 EETe200 plOREHT12 higEE L, B2 i 2 HPLC ToOMT L 7=, HPLCO 23 Hik £ 13276 nm

& L72. (A) pVKL00R 7 & — %38 A\ L 7= I s K DHPLC Y v~ k 7' A, (B-J) DCAZ #ifE

EHAROHPLCY 1~ 77 L DCADLREFRFH], 1.9 min.
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INDDRTT 477 a—rnh5o03a A
2 N pV39, pV44, pVe6, pVe2, pV1237 Hif
Ei7c, DCAZHRE SRR T F(ET D 2 A
R ODNAKT R Z [FIE T 2 728
I N7 r—roSaliEemizx LT, pvad k
pV82%E I m—T7 L LI ot T U XA
— g U ATV, il L TR S Sal gy
R &~ ZORER, pVadE 7 n—7 2 LT
BB 1TpVA4 L pVeeIc Him L7-2.1 kb & 1.5 kb
Salllft ¥ 3 & o Z L 2VRE 7= (Fig. 20A,
B), pV82% 7 11 —71Z L 1= 55 A13pV39, pVve2,
pV123(Z 363 L T1.2 kb &£ 0.9 kb D Salll¥i 23 &
FhbZ EPRERT (Fig 20C, D),

==

12 3 4 5

(kb) .3...'
ue

AM12345

(kb)iill

21=»
1.5 i
i
o
C M1 2 3 4 5 D 12 3 4 5
(kb) - (kb) ”'
]
1.2
0.9 .

Fig. 20. 15 FI2 DCA EHifex 52 5 a2 A I KD
P oA TV XA — 3 Ui
(A, C) %A R Sall kO T Hua—27
JVEERIKED. (B) pV44 O Sall ¥ % DIG £ L
T a—7IZ AW s, (C) pv82 @ Sall
Wk A 7 a— I HO T U fERT. Lanes: 1,
pV39; 2, pV44, 3, pVe6; 4, pVv82; 5, pVv1z3; M,
molecular size markers.

2 i
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pV44 & pVe6IZ il L T £ 415 1.5-kb Salllfr
F O AR

i DHEFLBCH 2 R E LT kG 5. AW A
IZSLG_05610 & SLG_0562000 — i & &rde = & 78

RENTE (Fig. 21A), F7=. 1.5-kblr i o ljpic
132.0 kb & 2.1 kb Salllt i AMFET 5 Z &b,
ZIUH NI R CRMEN R DTl i T
bHbHEEZ LN, ZH3DDSalll s 72
% FEIE RA—=T V=T 4 T T L—
2 (ORF) & L TIESLG_05620D A AF1E L 7=,
SLG_05620/%P. putida HK5#% ?™quinohemoprotein

T5E4

alcohol dehydrogenase (quinohemoprotein ADH)-
1B . quinohemoprotein ADH-IIG (89) K& O
Comamonas testosterone ATCC15667 £k o
quinohemoprotein ethanol dehydrogenase (90) &
7 X VL TA3~50% D FE R A R LT,
pV39, pVv82, pV123 M i@ i T&H 5 1.2-kb
& 0.9-kb Sall W7 o i A i D H FLBLA 2 IR TE L
Tofb S, ARfEIBIE SLG_24920, SLG_24930,
SLG_24940 &t Z L 3or & iz (Fig. 21B),
ZHHWET A FIZSESR ORF & LTHENTY
% DL SLG_24930 D H T - 7=, SLG_24930 I
P. putida mt-2 ¥k TOL 72 A K kica—F
INTW2% aryl ADH &= 7 xlyB (91) & O}
Castellaniella defragrans 65Phen #k @ geraniol
dehydrogenase (92) &7 X JEL L TENZE
I 46% & 2% DFHAIMEZ R Lz, $70, ARER
1B A5 71X Streptomyces sp. NL15-2K # @ coniferyl
alcohol dehydrogenase & 35% M AH[FEIMEZ 7~ L7z

(93),
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A 1.0 kb
Sl 2.0 kb S 15k S 2.1kb Sl
: Ap " Ap :
SpEV! Ps Ap Hd Xh Sp 1 Ps

Xh BaSm ScPv:Pv Ps

SLG_05610

Sl Sl
. 09kb . 1.2kb
——

1.0 kb

Fig. 21. 15312 DCA £Hife % 52 5 2 A X NITIl@ L CE £ 5 DNA KB

(A) pV44 L pV66 (3@ L CTHE £415 DNA W . (B) pv39, pv82, pvi123 24kl L C& £ 5 DNA W .
ORF D FT & DMK, HERLA 2 0 0E L -l 2 =7, HilfREESE: Ap, Apal; Ba, BamHI; EV, ECORV;
Hd, HindlIll; Ps, Pstl; Pv, Pvull; Sc, Sacl; Sll, Sacll; Sl, Sall; Sm, Smal; Sp, Sphl; Xh, Xhol.

2. SLG_05620 & SLG 24930 D fH[E B fmF D
BRR L KBE CTORB

SYK-6 ¥k 5/ AHizid, SLG_05620 &
24~46% D7 X/ EARCHIFFRIMEZ R T 6 E &
{5 (Fig. 22) KO SLG_24930 & 21~43%D 7
I EELAIARIEIMEZ R T 15 O Es T (Fig.
23) WIFAET D Z ENTFRIS -, ZhbDiE
{5FIEMS DCA OLIEIEZ AT 2 AT~
% 72 ¥z, SLG 05620 & 3 o D H#EE
quinohemoprotein ADH & {x 1 (SLG_04410,
SLG_07280, SLG_12260) 2} SLG_24930 & 3
SO H#EE aryl ADH E A5 1 (SLG_09420 .

37

SLG_09790. SLG_24940) % &R L, FKiEfn1%
PET-16b [ZIiA L725BL 7 T 2 I R AF#%,
THRBEIERL, LML, HE
quinohemoprotein ADH % = — 9% SLG_05620,
SLG_04410, SLG_07280, SLG_12260 MIEHLA
BEINhoTlod, a—V Ny a v 7 #Eix
F7uE—4%—%FH L7 pCold-TF ZH\T
NIT—=T 77 2 —@as N IEELTH
B, KMiathitik o SDS-PAGE DR,
SLG_09790 |7 Bl & NMK < | SLG_24940 (X1 &
o ERBINBIE S e o 203, thodfs 11
DWTE A RFEBLR R b7z (Fig. 24),

E. coli
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Fig. 22. SYK-6 FRICAFTET % 7 il SLG_05620 7~
E w7 L BEA O quinohemoprotein ADH O AT # .

RFIIAMIENZ BT 21T > 72 SYK-6 #ED
i {5 7 % 7~ 9. Enzymes: Gcd_Ec, quinoprotein
glucose dehydrogenase of E. coli K-12 (P15877);
XoxF_Me, methanol dehydrogenase of
Methylobacterium  extorquens AM1 (P16027);
QgdA_Pp, quinohemoprotein ADH (ADH I1IG) of P.
putida HK5 (Q4AW6G0); QheDH_Ct,
quinohemoprotein  ethanol  dehydrogenase  of
Comamonas testosteroni ATCC 15667 (Q46444);
QbdA_Pp, quinohemoprotein ADH (ADH 1IB) of P.
putida HK5 (Q8GR64).

(=)
m ot
5 &
7 'y o' /(9
& E R & v
& VA 3 ICH o,‘bg
S =] ~ Ix
%) o)
G
QO
N2
C/ 2y
%, N
S, 35910
(G 1887, S1LG
SLG_09790
A
(‘,GOP" -06930
Q ~2 0,
\%/Q 06’9
+ o 2
<) 3’ N 90
¥ § § e 8
o 3 o
~7 NJ Vo
) o 2
a3
@« &

Fig. 23. SYK-6FKRIZAFTET % 16/l OSLG_249307E 1 7 & BEAI Daryl ADHD SR i

KFNIARWFFRNZ B THENT 21T - 72 SYK-6 ¥R DIBAE T % 7k 3. Enzymes: XylB_Pp, benzyl ADH of P. putida
mt-2 (P39849); GeoA_Cd, geraniol dehydrogenase of Castellaniella defragrans 65Phen (H1ZV38); CadH_Ss,
coniferyl alcohol dehydrogenase Il of Streptomyces sp. NL15-2K (M5AJW4); Adh_Tb, isopropanol dehydrogenase
of Thermoanaerobacter brockii HTD4 (P14941); AdhT_Gs, ADH of Geobacillus stearothermophilus NCA1503

(P12311).
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Fig. 24. SYK-6#£7345F-DSLG_05620% T'SLG_24930
AREB ZOE. colilzis i) 5 3.

SDS-12% PAGEIZ L > CT10 ugd ¥ > 37 & % 4y
BELCr =~y =TV UT U R T A—IZLoT
Yutt L=, (A) SLG_056207kE 1~ (quinoprotein
ADH) % %8l S H72E. coli NEB10B DA .
Lanes: 1, pCold-TF (vector); 2, pCTF04410; 3,
pCTF05620; 4, pCTF07280; 5, pCTF12260. (B)
SLG 2493074k E 1 7 (aryl ADH) % % 8l S #7-E.
coli BL21(DE3) o ffifulfififtiifk. Lanes: 1, pET-16b
(vector); 2, pET09420; 3, pET09790; 4, pET24930; 5,
PET24940; M, molecular size markers.

3. SLG_05620 & SLG_24930 DAH[FEIEFIE
WD DCA EHATENE

SLG_05620 JxT% SLG 24930 FH[FIELE T4 %
Bl 72 E. coli oiffifafhtiik (10~100 pg of
protein/ml) & 100 uM @ DCA, DCA-C, coniferyl
alcohol & O® vanillyl alcohol % 400 uM PQQ +
PMS % L < 1% 500 uM NAD*DIFE(E T T &
B BB D BRI AT~ T, ORE
. SLG_04410 % Fr< 7 DOBEAB FHEMIT B
T DCAZXIT % Z8#alE M3 i tH S AU DCA-L @
AR N BLE S - (Fig.25, Table 6), 1 TH

39

2 i

SLG 05620 s 1-EEM A W EETETE (210 + 20
mU/mg of protein) %7~ L7-, —J. SLG_09790
L SLG_24940 OFBLEIFME 72T H P 6
T R T ERIE O b O & RSO IR A
AHLTW=,

A pCold-TF B pCTF05620
10 min 10 min
300 300
= DCA =
g 200+ (2.0 min) g 2004
2 2
o o DCA-L
5 1007 5 100 (3.4 min)
< <
S € o4
T T T 1 T T T 1
0 1.0 20 3.0 4.0 0 1.0 20 3.0 40
Retention time (min) Retention time (min)
C pET-16b D pET24930
10 min 10 min
_ 300 DCA . 300
£ (2.1 min) S
< 200 < 200
o o
& Q DCA-L
S 1004 5 100 (3.7 min)
< <
E o4 € o4

T T T 1
0 1.0 20 30 4.0
Retention time (min)

T T I 1
0 10 20 3.0 40
Retention time (min)

Fig. 25. SLG_05620 }% (! SLG_24930 % JHl &t/
E. coli OMfafhikiz L 5 DCA D2,
SLG_05620 %3 A L7- E. coli Offifiafhtiig (10
ug of protein/ml) 1% 400 pM PQQ + PMS f#/E F T
100 uM DCA & i Jis &4, SLG_24930 # 3 A L 7=
E. coli O#HfashH# (100 ug of protein/ml) (% 500
uM NAD*f#/£ T °C 100 u(M DCA & S ' 7=, %
M4 30°C T 10 min S &, SUGHE Z LC-MS
ToMr L7z HPLC 704 DR i =13 290 nm & L
7=. (A) pCold-TF Z & A L 7= E. coli it ik
& DCA DK 10min % O HPLC 7 v~ ~ 77 A,
(B) SLG_05620 % & A L 7= E. coli ™ #HfEh ik &
DCA Ot 10 min #® HPLC 7 v~ k7' A,
(C) pET-16b %3 A L7z E. coli O ffash ik &
DCA Ot 10 min #® HPLC 7 v~ k7' A,
(D) SLG_24930 % # A L 7= E. coli ™ fadfliik &
DCA DO JZJ& 10 min %0 HPLC 7 i~ k7' A,
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Table 6. SLG_05620 & SLG_249307 € 1 7 {nFEEM D
DCAK UMD Y 7 = BRI E I % Al

Specific activity #° (mU/mg of protein)

Gene products DCA DCA-C Coniferyl Vanillyl
alcohol alcohol
Quinohemoprotein ADH homologs
SLG_04410 ND ND ND ND
SLG_05620 210+ 20 ND 63+3 35+£2
SLG_07280 45+4 22+0.1 23+7 ND
SLG_12260 36+0.2 0.6+0.1 280 +50 54+05
Aryl ADH homologs
SLG_09420 577 ND 58+3 21+03
SLG_09790 50+1 ND 34+2 ND
SLG_24930 49+2 ND 38+8 18+3
SLG_24940 36 +0.5 ND 25+3 1.3+0.3

2ND, not detected.

PENENOIEIEIMEIRAIE L7z P E 27T

+ (IRERAZ R

DCA (Zxf L TiEME 2R L7z &2 T OBIEF7E
Mz I\ T coniferyl alcohol ZEH#iE e Bl &
. HFIZ SLG_12260 (238 TEW O EeiE M (280
+ 50 mU/mg of protein) 2 &=, —H.
vanillyl alcohol (Zxf L CIFIEMEA MV, $ L<
TIEPEDMEME R 23R STz, £72. SYK-6 £
DY AHIZIE, T OREERER T EFE L
BR 7ML 15 EFE L TR Y (Fig. 22, 23),
DCA DZHAITITIEE FrFVED I $00> ADH
BIETREGTLZ BRI, £, KR
M TRI ST 8 SDOBBEFEDDON,
SLG_07280 & SLG_12260 7% DCA-C \=%f L T53
VWEME (2.2 mU/Img of protein }2 OF 0.6 mU/mg of
protein) ZHF>Z L ARSI,

40

4. DCA-L EHMRER BIE T OHE

SYK-6 ¥kIZ 35\ T DCA-L i B BR1RISH Cyhr 7
VTR RISV CERICEEE L2 DCA-C 1T
IND EHEEI N, ZOKIGIZIE aldehyde
dehydrogenase (ALDH) i&fx 13535 &5
Z Bz, SYK-6 BRD7 7 AT 23 [HOHE
& ALDH BI5FPMFET D, T HEIR T &
4-

benzaldehyde . 4-hydroxybenzaldehyde .

nitrobenzaldehyde . succinic semialdehyde . 2-

carboxybenzaldehyde . phenylacetaldehyde |

betainealdehyde. coniferyl aldehyde o432 B 5-
3% ALDH BET07 2/ BEFN DT F A A
Y MTE o TIERLIZRHEB S, Zhbolt
BFIEIRES 8D TAZ—A S HIZH

MivDH Z LIRS Tz (Fig. 26),



B c
v © Z o
A ® ::-I S
v =0 -
q,
& Z 2 £ o o N
(o e A 3 &5 & [CTERN )
NOs LQ, ‘g N Y
(2 z - T
60 NS A
e, @
S, L2 p®
< o
G Gl
H o ot
8o, 5\,6,7'
SLG 121, _ CalB_Ps
GgaD _Ec
0
SLG—SMB SLG-27910._BZBA
07’0 8( ‘07790
AT G
‘5\’6/ i \0)6,70 E
Q
6\{\0;19 @‘S?o
0 4 B e e e
5 % S0 = Y
G o g = o B & 0.05
o 50 B s -
Se 8
9
%) w
F

Fig. 26. SYK-6 #RIZf7/ET % LigV # & e 23 fH D ALDH & BE%1 ALDH O st

Enzymes: Vdh_Ps, vanillin dehydrogenase of Pseudomonas sp. HR199 (005619); XylC Pp, benzaldehyde
dehydrogenase of P. putida MT53 (P43503); MmsA_Pa, methylmalonate-semialdehyde dehydrogenase of P.
aeruginosa PAO1 (P28810); Kgs_Ab, a-ketoglutaric semialdehyde dehydrogenase of Acinetobacter bayli ADP1
(Q6FFQO0); CalB_Ps, coniferyl aldehyde dehydrogenase of Pseudomonas sp. HR199 (086447); CymC_Pp,
cuminaldehyde dehydrogenase of P. putida F1 (033455); PuuC_Ec, 3-hydroxypropionaldehyde dehydrogenase of
E. coli K12 (P23883); GgaD_Ec, succinate-semialdehyde dehydrogenase of E. coli K12 (P25526);
SLG_07060_LigV, vanillin dehydrogenase of SYK-6 (G2IMC6).

SYK-6 BRIZAEAET 2 23 fHOHEE ALDH E{x DOFEFCRISSEMER, 7 7AX—E LG
T OFEMDN,DCA-L IR{biexH 325 b D% ZET 5 4 SDOBIETFEY (SLG_27910,
EMNZT B0, KEIE 7% pET-21a lZfF A SLG_07790, SLG_07610, SLG_07270) 73 Ftifsert)
L7=38l~77 A3 K% E. coli BL21(DE3) #£iZ =iV DCA-L EgfbiE 27~ L, DCA-C DARLH
EON L, AR R SR 2157, Ml ElE S 7o (Fig. 28, Table 7). %52 SLG_27910
8 > SDS-PAGE D& H:, SLG 32240 & AR FEM P RS W TR M 1,800 £ 180
SLG_34940 OFHUT R LN o 7208, THLL mUimg %7~ L7-, SYK-6 ¥RIZ 515 % SLG_27910
MOV TIE DR BEOEB T EDOLEFEN O DCA-L Bb~DB 52572012, LI
B2 SN (Fig. 27), &MifufHiE (10~100pg  1ERE X7z SLG_27910 filfl#ERE (SMEO044) % H
of protein/ml) & 100 uM DCA-L % 500 uM NAD* T (80). DCA-L ZEHABE & FH7=, T DfE R,

41
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BpARER & bl L C DCA-L ZBHaICAHE 2B IENY  syringaldehyde (25%F L C & WO R LIENE &2 5>
BlE2 STz (Fig. 29), DCA-L 1% L TEW gL Z L7 (80) (110), DCA-L DZEHA|Z 1T I s
H M %k L 7= SLG_27910 . SLG_07790 . BYEDIRWES D ALDH EizF23B5 LT\
SLG_07610 . SLG_07270 & vanillin &% 08 %&:%Ez2bn5,

10 11 12 13

i et

14 15 M (kDa)
EEERE- i § 8 —102
i —76

38
—31

—24

Fig. 27. SYK-6FE 23 > HE iE ALDH & OVligV DE. colilZ 35 1) 5 F B,

SDS-12% PAGEIZ & - T23fH O ALDHIE R 1% Z 1LZ 4V A L 7-E. colidoHifafhiHiiik (10 pg of protein)
EOBEL, 7 —~3—T7 VU Ty N7 —Z 8o T L7, Lanes: M, molecular size markers; 1, pET-
21a(+); 2, SLG_31150; 3, SLG_12190; 4, SLG_12800; 5, SLG_34940; 6, SLG_27910; 7, SLG_07790; 8,
SLG_07610; 9, SLG_28320; 10, SLG_27920; 11, SLG_07270; 12, SLG_12020; 13, SLG_38120; 14, SLG_11410;
15, SLG_09510; 16, SLG_27210; 17, SLG_p_00680; 18, SLG_20400; 19, SLG_18210; 20, SLG_09400; 21,
SLG_28150; 22, SLG_09920; 23, SLG_32240; 24, SLG_07060.

A  pET-21a B pET-21a C  pET27910 D PpET27910
at start 10 min at start 10 min
100 100 100+ 100
_ DCA-L —_ DCA-L —_ DCA-L —_
£ 80+ (3.5 min) E 80+ (3.5 min) E 80+ (3.6 min) E 80+ DCA-C
c c c = (2.4 min)
o 60 o 60 o 60 o 60+
o o o o
L 404 L 404 L 404 € 40+
2 20 2 20 2 20 2 20
€ o] £ o E o E o
T T T T 1 I I T T 1 T I T T 1 T I T T 1
0 1.0 20 30 40 50 0 1.0 20 3.0 40 5.0 0 1.0 20 3.0 40 5.0 0 1020 304050
Retention time (min} Retention time (min) Retention time (min) Retention time (min)

Fig. 28. SLG_27910 # #& ¥l X ¥ 7= E. coli ORI £ %5 DCA-L D2,

SLG_27910 % A L 7= E. coli Dt (10 pg of protein/ml) % 500 uM NAD*1E(E F C 100 uM DCA-
L & 10 min SOt & E G 2 HPLC TAMHT L 72, HPLC 20413 ik 330 nm T{T - 7=. (A) pET-21a %
O\ L7z E. coli Offifiafhitiig & DCA-L OKLEH% D HPLC 7 v~ k27 Z A, (B) pET-2la % A L7 E.
coli DFMAEFH HIE O S 10 min @ HPLC 7 v~ ~ Z'F A, (C) SLG_27910 %# 3 A L 7= E. coli @ E. coli
ORI K & DCA-L DS E#% D HPLC 7 v~ ks 7'F A, (D) SLG_27910 % A L 7= E. coli ® E. coli
DO HIIEHE R O S5 10 min O HPLC 7 i~ k77 A,
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Table 7. SYK-6#KH1 >RALDHMDDCA-LIZ

Cluster

TIIIOOOO MM TN TMMMOUITOOO T >

*I9 DR GIE M
Specific activity P
Gene products (mU/mg of protein)

SLG_07060 (LigV) ND
SLG_28150 ND
SLG_09920 812
SLG_32240 ND
SLG_18210 ND
SLG_09400 ND
SLG_20400 60+1
SLG_27910 (BzaA) 1800 + 200
SLG_07790 420+ 3
SLG_07610 360 + 40
SLG_38120 63+0.3
SLG_11410 302
SLG_09510 201
SLG_27210 ND
SLG_p_00680 6+3
SLG_28320 51+4
SLG_27920 (BzaB) 58+0.5
SLG_07270 330+20
SLG_12020 5+3
SLG_31150 ND
SLG_12190 ND
SLG_12800 75+ 30
SLG_34940 ND

aND, not detected.
b ZNENOMIEIEE U7 I Z T,
+ | IEERAE LT RT.

0

Time (h)

! I T T !
0 05 10 15 20 25 3.0 35 4.0

43

Fig. 29. SYK-6 ¥k & SME044 (SLG_27910 flEERE)
@ DCA-L ZEH#atfe.

SYK-6 ¥k} (0N SME044 % LB THh:# L, ODeoo=0.5
\ZAHEE L7 B R oK IEAfE & 100 uM DCA-L %
BOS S, RIS BiEE 7 7L
HPLC T DCA-L % |E L7z, Symbols: SYK-6
(circles); SMEQ44 (triangles). = F N DEIL 3 [A]
HE LI EEE R, =T — R — I EEFEE L
R
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BE

%5 2 B TlX, DCA K UNDCA-L OZEHREA A
THMFRE 2 — NI 2B T ORE & HRefit
Wra47 > 72, DCA EHalsF B4 BT 57
WIZ, SYKB HROBEIEFTA T TV = b RY
U —=17" %17\, quinohemoprotein ADH % =
— 9% SLG_05620 & aryl ADH % =— K45
SLG_24930 % Hifff L7-, SYK-6 £kD 5/ AHZ
B INLEBETFORER S OFELEHTHA
72& 25, SLG_05620 & 24~46%D 7 3/ BARL
SRR 2 98 a7 6 fEl, SLG_24930 &
21~43% D 7 X MR SRR 2 R 8 A8
15 lfFES 5 2 LR ENTe (Fig. 22, 23), Z
O DBEASTHEM DY DCA OFEALTEEZ AT 5
NEFHDHTIZ0IZ, SLG_05620 Z&ir 4 D
quinohemoprotein ADH &=+ (SLG_04410,
SLG_07280, SLG_12260) & SLG_24930 & te
4 > ® aryl ADH & {x f (SLG_09420 .
SLG_09790, SLG_24940) % &R L. E.coli T
BEH7z, ZOfE%, SLG_04410 %< 3T
DEBARTPEY) TH E e DCA ZHUEMEDNFE D 6
A7z (36~210 mU/mg of protein; Table 6), Z i1 5
DOFEF D SYK-6 #1215 DCA OFRLREZ A
% %% quinohemoprotein ADH & aryl ADH 73
FETHZENHLNE R oTz, 8§ 1 BEOMT
IZBWT, SYK-6 BROMAHH H#E > DCA 25
IEMEIT NADHKAFEDTEME R FE ThH o722 &
%ERET 5 & (Table 3), SYK-6 BiflifaFCTD
DCA DOER{LIZIZ, SLG 24930 #iX L LT 5
D aryl ADH P EZREEZH - TnD &
B2,

AEETHENT L 7= ADH 0 1T SLG_04410 % %
< 750 ADH 73 DCA (Z/il 2 C coniferyl alcohol
2% U TR 27~ L7= (23~280 mU/mg of

-
—

44

it

protein; Table 6), L 72>L. vanillyl alcohol (Cs-C1
HEIE) (2% L TIRIEER 2, B L <RV
ME L2 &b (<35 mU/mg of protein;
Table 6), Z 15 @ ADH (& coniferyl alcohol (Ce-
Cs #iE) OFFEREZRWAE L T2 LR
X7, £7-. quinohemoprotein ADH % =1—
R9% SLG_07280 & SLG_12260 7% DCA-C
L CHIVEM: (2.2 £ 0.1 mU/mg of protein &
0.6 + 0.1 mU/mg of protein) # > Z L B/RS 4L
7= (Table 6), Z L5 DIE{R T 23 DCA-C D2
BB LTWDaREME S B X B 508, SYK-6
B HfEAhHRIC X 5 DCA-C Z8 #2703 FAD FRAN
RRICBE IS b S e 2 &G (Table 3),
DCA-C DEHUZITZ NG LT 25 FAD (K17
PEEEFE NG5 &2 b D,

DCA-L @ DCA-C ~D{tIZBi 59 5 BEHEH
2B 272012, URiTER S 7z SYK-6
Ho> ALDH BInFHRHT7 A 77 U —Il&Eh
% 23 B DOIEAR 1 PEY) O DCA-L ZHEE % G~
7o ZORER, BBIETORIENEIRD 720D
WCHRIIZ RS2 2 S IXTE 208, FEXFIIC
B EETEME (330 mU/mg of protein) %7k L7z
SLG_27910 . SLG 07790 . SLG 07610 .
SLG_07270 7% DCA-L % Hafi% 353851 DM I
FFonlt, RbmWhHEELZ R L
SLG_27910 DRk (SME044) 1233\ T DCA-
L ZHEBICHBERIR T RBEINTZZ 006
(Fig. 29). SLG_27910 »3&#B57FIIZ DCA-L D254
WG 5 Z LRIz, Lo L SME044
I3 DCA-L D2 HigeZ fRFF L TV . DCA-L D
fef{bic 4> ALDH 23R8 5-9 % 2 & 358 < 7R
Xz,

4 1. DCA-L 24259 % ALDH Eisf



w2

ZRET D72OITIT SYK-6 HROKEEH ALDH = TWSMENH 5, 72, ALDH LS ORE{LEE
B FEY D DCA-L ZHUGMEAFAG L, EiCkk  372° DCA-L DL L RS B E TE
EEDOE WS Z 2 — F T 58 FI2OWNT RNT2 D SYK-6 #7225 D DCA-L ZEHARESE O
S EMIER A (FRL L C DCA-L G2~ RGBT 20ER S D,
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CEE:

3% DCA-CEHMEERBLLTOFE L EREMIT

&

o

SYK-6 ¥RIZH\ T, DCA IZHIHIZ B Bl
Cyhrsfg b &1 C DCA-C 2 S, =Dk
DCA-C @ A BRfllgH Cyfr23 7 /L7 B RICEEb S
’7= DCA-CL % #%H L T DCA-CC ~ & Z5#i S
NHZ ENRINT, HF 2 BIZBWT
quinohemoprotein ADH % = — K3~ % SLG_07280
& SLG_12260 Didin1- M H> DCA-C ZE g M
rAET L ENR RSN, L L.,
quinohemoprotein ADH [t Z PQQ % Hixk 4
LDk LT, SYK-6 FRoMllafh HHikic L 5
DCA-C DZE#alE FAD + PMS 177£ F TOiE N
FETHY, ZNOEIEFED LIRS FAD

FEEE J7 R

HERE, 7 X, BEEH

FEIR T L7cEk L 77 2 X FidTable 8(Z
7 L7z, SYK-68F Je UNBHAR T- AR O FE 3R I35 15
ERIERITAT » 7o BT U CKm Mk Uttetracycline
(Te) #ZN 150 mg/l & 12.5 mg/l D < A
L7z, E.coliORi#132% & [FERITIT - 72,

B2, RE LH, BoFRdE

K FEBE R N OGO T BT ELIE TR L
A= — ORI F I > T, AN 2B ET
BRI, H1E L [FIRRICAT - 72, DCA-AC, HMPPD,

B-hydroxypropiovaniloniZZx#hik & b 78T D 28 (L 1E
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{RAFPERESE S DCA-C OEHIZBI 535 2 L)
IR STz, B 1 EOMNT NG, DCA-C 28 4%
FIT R ORFEICIN 2 T, HIE & MR

WZRTET H 2 &, F72 DCA-C ZEHATEMEN
DCA % 7213 DCA-Cf#+1E T COREERFIZ 1.4~1.7
BRESND ZENRINTND,

5 3 W CIE, LA HIZ LT, DCA fF
1E T CORFERICFH G A T FAD (KAFED
RIS D Z L2k > T DCA-C
EWRER B s T2 [FE L, & OFEREMET
AT o7,

oxidase &fn ¥

TEEENLEY Z T b0 RV, b0
FEE 13100 mM & 72 % K 9 (2 dimethyl sulfoxide
(DMSO) T L C-30°C AT L 7=,

phcC-pheD fEEEA 7T 2 I FO{ER

SYK-6 £ total DNA % #55 & LT phcC 75
phcD ZHEIET D2 X HICRFF LT T4 ~—
(Table 9) M T* PrimeSTAR GXL DNA Polymerase
(TakaraBio Inc.) Z M 7z PCR {Z & - T, phcC @
C R (2 HindHEBAL 230 & v 7= pheC 7> & pheD
%10 3.9 kb O DNA Wi & 4572, 5 D L7 g
Wi % Hindll1-BamHI T/ L. pT7Blue D EIH



AZIZHE A L. pT09480-500 % {EfL 7=, pT09480-
500 % Hincll T/ L CTHERD pheC i b
pheD Tt E TEE LM ZHIBR L, FEALIC
pIKO3 725 ECORVIZ L » TV LTe <A >

CEE:

VML A2 E e 1.3-kb Wi (W ~A > h

Table 8. 55 3 ETHM LIZEHKML T T X I R

v B) &AL T pT09480-500K % fEHLL 7=,
AR7Z A3 K% Sphl-BamHI CTiE{k L 3.0 kb 1/
% pK19mobsacB O [FI#HZIZ4# A L phcC-pheD i
A7 F % 2 N pKmb09480-500K % {E# L 7=,

Strain or plasmid

Relevant characteristic(s)?

Reference or source

Sphingobium sp.
SYK-6
SME110
SME111
SME112

E. coli
BL21(DE3)

HB101
NEB 10-beta

Plasmids
pT7Blue
pBluescript 11 KS(+)
pET-16b
pJB866
pJB861
pK19mobsacB
pIKO03
pKS09480-500
pKS09480
pKS09500
pKS09480K
pKS09500K
pKmb09480K
pKmb09500K
pT09480-500
pT09480-500K

pKmb09480-500K

pT09480
pT09500
pT09480Xba
pT09500Xba
pET09480
pET09500
pJBV109480
pJBVI109500
pJB109480
pJBI09500

Wild type; Nal" Sm"

SYK-6 derivative; phcC::kan; Nal" Sm" Km'
SYK-6 derivative; phcD::kan; Nal” Sm" Km'
SYK-6 derivative; phcC-phcD::kan; Nal" Sm" Km'

F ompT hsdSB(rs” mg’) gal dcm (DE3); T7 RNA polymerase gene under control of the lacUV5
promoter

recA13 supE44 hsd20 ara-14 proA2 lacY1 galK2 rpsL20 xyl-5 mtl-1

araD139 A(ara-leu)7697 fhuAlacX74 galK (680 AlacZ M15) recAl endAl nupG
rpsL (Sm") A(mrr-hsdRMS-mcrBC)

Cloning vector; Ap'

Cloning vector; Ap'

Expression vector; T7 promoter, Ap"

RK2 broad-host-range expression vector; Tc" Pr, xylS

RK2 broad-host-range expression vector; Km" Py, xylS

oriT sacB; Km'

KS(+) with a 1.3-kb EcoRV fragment carrying kan of pUC4K; Ap" Km'

KS(+) with a 3.9-kb PCR-amplicon carrying phcC and phcD

KS(+) with a 2.4-kb Bglll-BamHI fragment carrying phcC from pKS09480-500

KS(+) with a 2.7-kb Xhol-Sacl fragment carrying phcD from pKS09480-500

pKS09480 with a 1.3-kb EcoRV fragment carrying kan from pIK03 into Hincll site of phcC
pKS09500 with a 1.3-kb EcoRV fragment carrying kan from pIK03 into Hincll site of phcD
pK19mobsacB with a 3.7-kb Kpnl-BamHI fragment carrying disrupted phcC of pKS09480K
pK19mobsacB with a 4.0-kb Kpnl-Sacl fragment carrying disrupted phcD of pKS09500K
pT7Blue with a 3.9-kb PCR-amplicon carrying phcC and phcD

pT09480-500 with a 1.3-kb EcoRV fragment carrying kan from plKO03 into Hincll site of phcC
and phcD

pK19mobsacB with a 3.0-kb Sphl-BamHI fragment carrying disrupted phcC and phcD of
pT09480-500K

pT7Blue with a 1.7-kb PCR-amplicon carrying phcC

pT7Blue with a 1.8-kb PCR-amplicon carrying phcD

pT7Blue with a 1.8-kb Xbal-BamHI fragment carrying phcC from pT09480

pT7Blue with a 1.9-kb Xbal-BamHI fragment carrying phcD from pT09500

pET-16b with a 1.7-kb Ndel-BamHI fragment carrying phcC from pT09480

pET-16b with a 1.8-kb Ndel-BamHI fragment carrying phcD from pT09500

pJB866 with a 1.8-kb HindllI-BamHI fragment carrying phcC from pT09480Xba

pJB866 with a 1.9-kb HindllI-BamHI fragment carrying phcD from pT09500Xba

pJB861 with a 1.8-kb Kpnl-BamHI fragment carrying phcC from pJBV109480

pJB861 with a 1.9-kb Kpnl-BamHI fragment carrying phcD from pJBVI09500

(79)
This study
This study
This study

(81)

(82)

New England

Biolabs

Novagen
(85)
Novagen
(94)
(94)
(95)
(42)
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

2 Nal', Sm", Ap", Km', and Tc', resistance to nalidixic acid, streptomycin, ampicillin, kanamycin, and tetracycline, respectively.
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CEE:

Table 9. %5 3 ¥ ¢/l L7= DNA 7' 7 A ~— DI FERL A

Plasmid Primer Sequences (5’ to 3')
pKS09480-500  9480FB ~ GCGGGATCCACGGCGGGAAGAGGG
9500SD  ATCTTCACCGGGCCGGCGCCGTAGC
pET09480 9480RN AACTCTGACATATGGCCAGCAAAACG
9480FB GCGGGATCCACGGCGGGAAGAGGG
pET09500 9500RN CCGAGAGCATATGAATCATCATGAACTCC
9500FB GAAGGATCCGATATAGCGCTCGAAATCC
RT-PCR 9500-480R GCACATCGTCATAGCTCCA
9500-480F GGCATCTTCCTCAACCTGT
phcC AFEER 7T 2 I R fEfl AR LT,

[phcC-pheD A 77 A I RO 129E-
T PCR 12X 5T, pheC @ C K#EIZ HindIll 37
DI E HU7= pheC 2> 6 pheD % &1 3.9 kb @ DNA
Wrh 24572, 15 DA HEIERT T 2 Hindlll-BamHI
Tk L. pBluescript Il KS(+) DEEALIZHEA L,
pKS09480-500 % E#il L 7=, pKS09480-500 % BgllI
(CEi#E1k)-BamHI TiH{k L T pheC DEE % &L
2.4-kb @ DNA 7 /1 % . pBluescript 11 KS(+) @ Xhol
(CFiEAk)-BamHI FRAZIZHE A L T pKS09480 %
L7z, pKS09480 % Hincll TYE{L L ThF~A
Ay FEFEATSZEICEY pheC AMEE S
K pKS09480K % 1E#L L 7=,
pKS09480K % Kpnl ((FEi{k)-BamHI Tk LAk
SN 7= pheC % & te 3.7-kb I i~ 2 pK19mobsacB @
Sall (*F-iE1k)-BamHI SBAZIZ4F A L T pheC filzE H
77 A3 K pKmb09480K % 4L L 7=,

N7 23

phcD BHER 775 X 2 FOfER

pKS09480-500 % Xhol-Sacl TiH{k L phcD D4
£ % &1 2.7-kb @ DNA 7 7 % pBluescript 11 KS(+)
DIREALICIF AT 5 Z & T pKS09500 % {EHL L 7=,
pKS09500 % Hincll TYHLL THF~A Utk
v NEFATSZ L2k D pheD BE ST
J A3} pKS09500K # fE#l L 7=, pKS09500K %
Kpnl-Sacl TiHfk L7=%. Figfb L CikES T
phcD % & ¢e 4.0-kb 871 % pK19mobsacB @ Smal
\Z#A LT pheD AEEEFI 75 % I K pKmb09500K
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B FREEROER

SYK-6 #%% LB T 24 h Hii5#E L 7=, LB 2 1%
(volivol) 5 L C ODeg 7% 0.5 1272 % % CHEH L
7=. HEF A 19,000 x g, 15 min, 4°C Tis.L45 B L
CTHHE L, #A% 0.3 Msucrose T 2 [EI%EH L, 300
ul @ 0.5 M sucrose (/¥ L 7=, AR ETZ 100 pl
IZXF LT 1pug @7 F A3 K DNA (pKmb09480K,
pKmb09500K, pKmb09480-500K) % il Z . Gene
pulser (Bio-Rad Laboratories Inc.) % i\ CHEHL 800
Q, I 12kviem, HERE 25 uF D& T L
AT Tz, 7V ARL, 1ml @ LB %1% T 30°C
TO6hHsE L7-, LB+ Km ZEREMIZ A L TH
A2 2 & L7ek a2 Bk Lo, 1554072 Km
i A% 2 10% sucrose % % e LB+ Km T 24 h 155%
L 70, B5 48k % #77- 72 10% sucrose % & ¢ LB + Km
17 2% (volivol) fili% L C 30°C T 24 h k53 L7=,
ZOBEE 3 Ak IR L=tk B E LB TH
R L T 10% sucrose % & e LB + Km £ R EFHIIZ
fiLie, oz o =— %85 Tk &
L7,

total DNA D [E[IX

SYK-6 K& ONEAR TRk 2 LB T 24 h #54%
L. B£#ik % 19,000 x g, 15 min, 4°C Tz L4y BfE L
CTHR L7, HK% STE buffer (10 mM Tris-HCI, 1
mM EDTA, 100 mM NaCl; pH 8.0) T L. [A



Parawd

&

buffer (ZH&HE L7z, FIREEDS 2 g/l &2 5 KD IT
lysozyme % /il 2. CTiR4 L. 37°C T 15~60 min &
L7o, FEBEEEDS 0.2 g/l 725 X 91T proteinase K
Nz CEE<{EA L. 37°C T 15~60 min f#HE L
Too HEREEDY 05% & 72 % £ 912 10% SDS #iE&
L. 65°C T 15~60 min #fi& L CIH ¥ 72, 7 =
J =V 7 ana RV ABRIZ = X ) — ViR A
17> T total DNA Z[EIY L 7=, total DNA % & Teik
B4 % RNase A % &t TE buffer ([Zi&fE L, 37°C
(2T 1h® RNAH{EZ1T > T total DNARUEFE L
7=

BEFHEROYF NS TV XL B~ 3
AT

BT DR & M 5 729012 SYK-6 kK
O B TR D4 DNA % il [RE% 5 T
L U721, 0.8%D 7 A v — A 47 LKk E) T4y
L. [ 2 oY HF o, TIEAE— 5 i
BT SN I i #fT 24T > 72, pheC. pheD &Y
phcC-pheD i fx T EE D EFRIZIL, 4 DNA @
HindIlI-EcoRI, Pstl-Sall } O* Xhol {H{k4 % i L
2o DD D7 10— 1213 FNEH pT09480,
pT09500, pKS9480-9500 /> 5 ) ¥ Hi L 7= pheC &5
% & Te 1.7-kb Ndel-BamHI 7 i, phcD &K % &
1.8-kb Ndel-BamHI [t i} 0% phcC-pheD &K %4
¢¢ 3.9-kb Hind-BamHI1 W fy % v /=, 72, kan
R HIZ 1T pIKO3 22 5800 HY L7z kan % & 2r 1.3-kb
EcoRV Wiz 7 m—7 2=, {E&L 7= phcC
RBEERR, pheD AREERE K OY phcC-pheD AlEERE % %
i SMEL10, SME111 & Of SME112 L4 L
7=

BRETFREEROKRIEMEEZ Wi DCA KW
DCA-C Z# LB
SME110. SME111. % (XSME112% LB 24 hiihs
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3E

FEAITV, AR % LBIZ1% (vol/vol) i LT
30°CT12 hi5# L7z, H5#&#k 25,000 x g, 15 min,
4oCTim Ly U CHER L. H K% buffer ATHES
L 7=, Wik % buffer A I L TODego?30.5% T'1.0
&% X9 ICFHSL L 72SMEL10, SME111, SME112
DRIEAIE & 100 MO DCA K 'DCA-C% =2
#11,500 rpm, 30°C TR S ¥ 70, MRIRFRYIZHURN &
4y B L C19,000 x g, 15 min, 4°C iz LB+ 25 =
RV EERE RO CRIREEIE ST, RiEE
MBI DOHPLC D 73 #r Sty 129> THHr L.
DCA N O'DCA-CO i R K13 £ N Z 41277 nm &
327nm¢é& L7z,

Chiral-HPLC i X 5 DCA & DCA-C DO47H
Chiral-HPLC # v 7z DCA-C D4 #Tizid,
ACQUITY UPLC I-Class system (waters) # fHv 7=,
BEMHIT 01%DFMe2at7 & h=1FU /L 25%
LR T5%E L, fitiE 0.7 ml/min, =R Cor#T L7z,
7% Z I Chiralcel OD-RH column (4.6 by 150 mm;

DAICEL) % L7-,

phcC KUt pheD FEH 7T 2 I RO/ER

SYK-6 ¥k @ total DNA % §£7%! & L T phcC
(SLG_09480) & phcD (SLG_09500) % %L 2414
g4 2 K OIWCRF LT T4 ~— (Table 9) KX
PrimeSTAR GXL DNA Polymerase (Takara Bio, Inc.)
Z M2 PCRIZ K - T, 5K Ndel #ZA O
3KIE BamHI SR S 7z B BIE D4
EA &1 DNA B & 157, 15 D= 8Em i %
Ndel-BamHI TiH{k L C pT7Blue DI[RIERALIZHT A
L. pT09480 & pT09500 # {EHL L7z, 477 A3
NIZEA LB B OEREESIL [ 2 Eov —
7  AfiEMT ) IZHE S THiERS L7z, pheC & pheD
%% Te DNA [/ % Ndel-BamHI THI0 H L T
pET-16b D [FRIFHALIZHEA L T E. coli TOIRIH 7



Paraxd

&

7 A3 K pET09480 & pET09500 % Huf% L7,
pET09480 & pET09500 % Xbal-BamHI Tk L
TH 57z DNA Wi/ % pT7Blue O RIFBALIC IR A
L T pT09480Xba & pT09500Xba % {EHfI L7, =
N0 2 A3 R4 Hindlll-BamHI TY)J Y L T
phcC & pheD % & ¢e DNA WrF % pIB866 O [mlHH
PAZHA L CHIMH 77 2 2 K pIBVI09480 &
pIJBVI09500 #ER L7z, ZHHMEMH7T 7 A K
% Kpnl-BamHI Ti4{t L CT# Hiv7= DNA Wil %
pJB861 D [EIFNLIZIHA LT SYK-6 #£ CTOIRILA
77 A2 K pJBl09480 & pIBI09500 % {EHL L 7=,

TREERR ORI R

Tl 7 bRl —v 3 il ko TSMELD KR
SME111 |Z pJBVI09480 & pJBVI09500 % 241
WAL, ZHHOKE LB+Tc T 36h LIl
BTV, BOICAEERZ LB + Tc 12 2%
(volivol) FEEE L, 30°C T 24h 5538 L7z, #BRE 1
mM & 72 % X 512 m-toluate Zh0%2 . 30°C T 12 h
FHEAIT o, B % 5,000 x g, 15 min, 4°C T
O HE L CHER L, ER% buffer A THEF L 72,
@K% buffer A TR L C ODeoo 28 1.0 & 725 &
5 1ZFH%L LT 100 uM @ DCA-C & 1500 rpm, 30°C
TR S® T2, RN 43 E L T 19,000 x
g, 15 min, 4°C Tim Lo BET 5 2 & 12 L 0 ik Z B
WTKS IS8, EE% [ 1 %o HPLC
DI EAE] (THE > THHT L, DCA-C O R
1%330nm & L7-,

E. coli {2331} % phcC & pheD DFIR KX O E
phcC J O phcD #8177 A I K pET09480 &
PET09500 %3 A L 7= E. coli BL21(DE3) #% LB
Y aWlilipe
Wi % LB+ Ap I 1% (vol/ivol) & L. 30°C T ODeoo
R 05 T/ 5 ETHIFE LTz, #IRE 01 mM &7

+ Ap T 12 h L ERIREE 21TV,

3E
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%X 9T IPTG #/M%., 16°C T 24 h H5#E %17 -
7-. ¥E#i A 5,000 x g, 5 min, 4°C Tig Loy L T
H£H L. HiE% buffer A T LZ, WEKE
buffer A TR L CHIE RAAERIZ L - Tilla %
e U 7=, A IRREAE A 19,000 x g, 15 min, 4°C T
WOSHET D Z LI KD ARNEER A bRE . RIE
MR & L O, & S ek 5

155 1 B oOMRA LK O3 (19> TR 5y %
A L7e, a1 0RIUL 5 1 5o SDS-R Y
T2 VNT I RTVERKE o TNz,

SYK-6 #RIZ¥1F B phcC & phcD DFHL

phcC K O® pheD #8177 2 I R pJBI09480 &
pJBI09500 %3 A L 7= SYK-6 #£% LB + Km T 24
h LU LRIER L, 5O &RRE LB+Km (2
1% (volivol) Al L, 30°C T 12h 553 L7=, #&iR
FE1mM &72% X 512 m-toluate %1z, 30°C C
12 h FER & AT~ 72, Mg M OV 3 1 TE.
coli IZ31F % phcC & pheD DI B OV 1 EZDOH
fahh i D 5yE ) L FEROTTiETHRHEL LT,

PhcC & U* PheD o fR7EME:

[SYK-6 £EIZF51F D pheC & phcD DFEHL| (12
L0 FREL L 7= MmAah % (100 pg of protein/ml).,
AIERMEE4Y (PheC, 200 pg of protein/ml; PhcD, 500
ug of protein/ml) & OMEE ) (20 pg of protein/ml)
% 100 uM DCA-C & 300 uM FAD + 300 pM PMS
DOAFFEF T 3 min (PhcC) F 7213 5 min (PhcD) X
Ji& &4, methanol % %5 BNz CRESE SOGR A 45 1k &
iz, RS % 19,000 x g, 15 min, 4°C Tl L5y e
LTHRLN BIEICKRIRE 1T%& 75 K51
50% acetonitrile % i1z C HPLC Tor#T L7z, Z#T
(3 T25 1 %D HPLC D o3#rdeft) 129€v >, DCA-C
ORI RIX 327 nm & L7z,



Parawd

&

DCA-C ZHEW D[R E
BUF D phcC & pheD OFHLIL OV
| ZHE > THAR L 72 B 5y (PheC, 10 pg of

[E. coli IZ

protein/ml; PhcD, 100 pg of protein/ml) & 200 uM
DCA-C % 300 uM FAD + 300 uM PMS D {FE(E T
BT 30°C TR Sz, ZiE# 30 min )i
S, methanol %% &1 2 TRERKGZEIESE
720 DS A 19,000 x g, 15 min, 4°C Tz L4y B L
TR L LT U BERREL, Foive BT
(AR 17% & 72 % K 9 12 50% acetonitrile /1 2.
T HPLC Tt L7z, 53 #riL THPLC D43 4o
(ZHEVy, DCA-C D13 327 nm & L7,

PhcC & PhcDD¥EHL
[E. colilZ 3517 % phcC & pheD D3 B J OV 18] |

T B AVIZPheC K Y TSYK-6#K1Z 31T D pheC &
phcDD3EHL | T B AL 7=PheD % & Te IR [H] 45 7> &
Membrane Protein Purification Kit (GE Healthcare)
ZAWTHEER O 21T > 7, SimiEHEAEn-
dodecyl-B-D-maltoside, n-decyl-f-D-maltopyranoside,
lauryldimethylamine-N-oxide, n-
dodecylphosphocholine, dodecyl octaethylene glycol
ether, cyclohexyl-1-pentyl-B-D-maltoside, n-octyl-p-
D-glucoside & i A L 7= . #§ 8 (T 1T His Mag
Sepharose Ni (GE Healthcare) #FIf L7z, #H#E
OFFREELIE TEE1EDOSDS- A 727 U LT IR
TVERKE ] IZHE o TIRATZ,

#WE n~ 777 14—k B DCA-C DoyHE

'DCA-C ZHPEMDIFIE I L » THLN K
JERRIZ 0.2 N HCI 22 CpH % 2.0 L FIZ L7z,
D ethyl acetate % /12 TIEA L, 12,000 rpm, 1
min, ZiR Ci.0 50 BE L C ethyl acetate & 2 [B1UL L
7oo ZOEAEE 3 EIREVIE LT, B ethyl

acetate & % % [» = /N/K L — ¥ — (CVE-3000;

51

3E

Tokyo Rikakikai Co. Ltd.) “Ciffi L. benzene: ethyl
acetate : acetate (10:3:1) # BRI L LT, g r
o~ k272 7 ¢ — (Silica Gel 60 F254; Merck
Millipore) % FH\Torff L7, DCA-C ORI
254 nm O F 7 AV Ix—F—x o, RffH
041 IZHIERINTZDCA-CDO ARy M EEEELY |
ethyl acetate THHHH L | /LR L —& — %
TIERLIE U7z, £ DAL AR 4R O DCA-C % 25%
acetonitrile ¥##&IZ¥# % L. [Chiral-HPLC (2 X %
DCA & DCA-C D3] \ZiE» THtrz21T -7,
DCA-C O &3 327 nm & L7z,

PhcC & T* PhcD @ DCA-C BTV = Hi3k
LB Y DEWRE

[E. coli 1281} D phcC & pheD DFEHL L UV
M| ZfE > CRASL L /2 B 4y (PheC, 5 pg of
protein/ml; PhcD, 50 ug of protein/ml) & 100 uM @
DCA, DCA-L, DCA-C, DCA-AC, GGE, HMPPD,
coniferyl alcohol, B-hydroxypropiovanillone, vanillyl
alcohol % 300 uM FAD + 300 uM PMS D 7EE FIZ
BT 30°C TIGEEH7, PheC 1 3 min LR
PhcD I 5 min )i S, methanol % 25 &1 2 C i
FBUGZAFIE ST, SOG#E % 19,000 x g, 15 min,
4°C T Ly BiE L TREL Lo &7 v Ry B & bRk
L. f3 507z BiE% HPLC T3 L 7=, DCA, DCA-
L, DCA-C 1T 1% 1 3D HPLC Dy #rgeft) 1oht
- T4HHr L7z, GGE, HMPPD, coniferyl alcohol, -
hydroxypropiovanillone, vanillyl alcohol % 0.1%®
FpaeEL7 v b=k LLKkEZhZi 20:80,
5:95, 15:85, 10:90, 5:95 D LLE TIRA L4 %
I E L, WElx 0.3 ml/min T4#4F L7=, DCA,
DCA-L, DCA-C, GGE, HMPPD, coniferyl alcohol, 3-
hydroxypropiovanillone, vanillyl alcohol o £ Hiji =
WIENZE R 277, 346, 327, 277, 279, 263, 304, 279 nm
& L7,
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PhcC K U* PheD OEFIRE, Ei#E pH ROE
FRAEE
[E. coli IZ451F % phcC. phcD D FEBL K& U5 1M |

(ZHE > TR L 725y (PheC, 5 pg of protein/ml;
PhcD, 50 pg of protein/ml) & 100 uM DCA-C % 300
uM FAD + 300 pM PMS DfFEFE FIZHW T, K
IR % 10~50°C OHPHIZEXE L T DCA-C Z5#ah
PEZ T, BOSZ BART 2 BN SO & T E
DOIRETT 3 min fRilE L 72412 DCA-C gt
Z R N T
dimethylglutaric acid, 50 mM Tris, 50 mM 2-amino-2-

50 mM GTA buffer (50 mM 3,3-

methyl-1.3-propanediol; pH 5.0-9.0) }% T' 50 mM
CHES buffer [50 mM 2-(N-cyclohexylamino)
ethanesulfonic acid; pH 8.6-10.0] # AW\ T% pH T
> DCA-C Z#aiE % Lk DS TR~ T,
Er=AKELTPMS Oftb iz 23-
dimethoxy-5-methyl-p-benzoquinone (CoQq) & L <

3E
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X 2,3-dimethoxy-5-methyl-6-(3-methyl-2-butenyl)-
1,4-benzoquinone (CoQ:) # AW\ T Lk &fT
DCA-C g M & i~ 7=,

PhcC BT} PhcD D7 J ¥ U #RFDREIE

[E. coli 123815 phcC & pheD DIEHL KL UVy
I ) 1 ZHE > TR L 7= PheC F£721% PheD % & e
ST 4> 485 ng % ffizk 100 ul (2% L 10 min Z&
LT PhcC KO PheD % &M St 7z, ISR %E
19,000 x g, 15 min, 4°C Ciz/ Ly L CTH 378
wPREL, 567 BE%E HPLC THoth L7z, B
AL 0.1%D ¥ Z e & b= MU /L 10%&
K 90%& LT, HiEIZ0.5ml/min & Lz, BT L
¥ Acquity UPLC BEHC18 column (2.1 by 100 mm;
Waters) %1 i L 7=, FAD O % £1% 266 nm &
L7,
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TS
1. DCA-C R BIE T DRRE
DCA-C ZH#alCP 53 pEF 8 1% Bl

LH729IZ, SYK-6 HROBIETI74 77V —%
DCA-C 7 # fE 7% 72 \» Pseudomonas putida

-
=~

PpY1100 #k &% U Sphingomonas sanguinis 1AM
12578 BKIZ3#E A LT DCA-C ke % /3L
RRERE LTz, Lo, K 1,000 & OfH#L 2
RIZ 2T DCA-C L HREZ #7273 DCA-C &
PTG 2 TR IR AR TS B LR o T,
SYK-6 #kIZ&H\\ T FAD + PMS f#7£ FCTD
DCA-C MELIEMEDY, DCA FE& IR L~ LT
HEIN-Z LD (Table 3), DNA ~ 1 7 1
T LA FEHTIZ Ko T, SEMP $548IRF & bl LT
SEMP + DCA Ki#&EHFIZFEE S D FAD ZRME
DOl B i FE 4 2 — R T 282K L
2o Z Ot R, SEMP 53 IF & Hiz L T DCA B
#IFIZ 2.31% (Pvalue<0.081) & 2.21% (P value
< 0.013) IZHBLNENENFHFEI LD glucose-
methanol-choline (GMC) oxidoreductase family (Z
J&7 % SLG_09480 & SLG_09500 7% FLH S 417
(Table S1), Z i 5B s DI ELIT DCA O
HRIKTH L=V VBEOFIE T TR L
LA E S ko7 2 LD DCA K
RRICAPRAICHEE SN Z LRI E N,

2. SYK-6 %' 7 & EIZBiT 5 SLG_09480 &
SLG_09500 DEEFELE & = HAT

SLG_09480 &% T} SLG_09500 (Z\ 41t TTG
ZBiha R L, e 541 7 kL
576 7 X /g% a2— KL Cu /=, SLG_09480 &
SLG_09500 %, #&HEAR %1 Snoal_2 like domain

53
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Zade 126 7 2 D hypothetical protein % =
— F9° % SLG_09490 %k, A CHAELT-
(Fig. 30A), SLG 09480 & SLG 09500 %7 X /
Fefd 51 L~ LT 42% D[R A 7R L, E. coli K-
12 #® choline dehydrogenase (96) & ZiLE4L
41% & 40%DFHEIVEE R LTz,

SLG_09480 K OF SLG_09500 73 [A]— D#L B H
KT D0 EFRDT20I12  DCA f71E T THi A&
L 72 SYK-6 #: total RNA % f\»C RT-PCR fi#
WraiTo7-, = DOfE5%, SLG_09480-SLG_09500
HOBIER L ONTZ LD, ZILHEE TR
X EER LTS Z ERRE T (Fig.
30B),

A 1-kb
09520 09510 SLG_09500 09490 SLG_09480 09470
(pheD) (phcC)
<= i
1,170 bp
B 1 2 3 M (bp)
1,500
1,000
750

Fig. 30. phcC-phcD & fx1- [l ik > RT-PCR fi#4T.
(A) phcC O pheD J&3 @ ORF ~ v 7. ORF O F
12 5 #iE RT-PCR O RAlRE 48k % <. (B) RT-
PCR HAIRPEM DT v — A7 VB S UK EN. PCR 1%
SYK-6 £k total DNA (lane 1); SYK-6 £k total
RNA Wiz 5 GEY (lane 2); SYK-6 ¥k total
RNA (lane 3) % I\ T4T - 7z. M, molecular size
markers.

SLG_09480 & SLG_09500 #T1%Z DCA T
59 5w REMED H 2 BIn TP FIET 200 %
Ai~7- & Z A MarR-type transcriptional regulator
%2— K3 % SLG_09520 & lignostilbene o,p-



CEE:

dioxygenase % 22— K3 % SLG_09440 NfFfEL  FERL T\ 5 (Table7),

2o THBIEET)S SLG_09480 & SLG_09500

OEZ G} (Y DCA-S OZEHICBIG9 57 fE 3. DCA-C BHEERE L F phcC & pheD D[R
MR D0, S, BisFEREZER LR &

FET B MENH D, SLG_09420 1% aryl ADH %

a—RLTEY, 2 BETTOBEFEDD SLG_09480 & SLG_09500 7% DCA-C DZE#IZ
DCA OB LREEZH T 5 Z L N/RE 7= (Table B L TWEnEii~ 5D HIFEMEL 212
6), E7-. SLG_09400 & SLG_09510 i ALDH X - T SLG_09480 fi% £ # (SME110) .
Ha—RT508, FE2ETINOOBEMEFEY  SLG_09500 ARk (SME111), M (¥ SLG_09480
(21X DCA-L OEHTEMED 7o FE 7213 pofl. SLG_09500 —EEfkiEfk (SME112) Z/E#iL 7=
WEPE (20 £ 1 mU/mg of protein) Z/~3 2 & % (Fig. 31),

A Hincﬂl 6.0 kb IEI_:?RI B
Hincll

(kb (ko) 3 4

y 1.2
(VTR "SLG 09500 3903 SLG_09480 94708 SLG_09460
———— 1 —
: ! 09480 probe ! 8.0 8.0
| 50 80
: S 50 >0
‘ i kan probe! i 40 40 -
—
SEM110 — SLG_09500 90 kan 9470 SLG 09460 3.0 3.0

A

> »|
3.6 kb Hindlll 3.6 kb
C PS‘_; 4.8 kb ;S?H D
Hincll (kb) 5 6 (kb) 7 8
(VR 95207 SLG_09510 SLG_09500 90 { SLG_09480 g
3 09500 prober : g-g* - g-g— o
H [ L .0+ .0
i Pl T 5.0— . 5.0
' ‘kan probe] 1 4.0 4.0
; _ :
SEM 111 — (S MM 7T S 5 BN - 3.0+ 3.0
o 6.1kb >
E Xhol 56 kb Xhol F
HincIl Hincll (kb) 9 10 (kb) 112
W T — e T £ ey - o
| } 09480-09500 probe J g,g: - 3'8: ~
3 3 e T 2.0 2.0
i tkan Drnbe: E o ad 15
SME 12 MK o) Wz -
1.3 kb 3.7kb

Xhol

Fig. 31. SLG_09480, SLG_09500, SLG_09480-9500 ik DV LA 71 H A B —3 = U fRAT.

(A, C, E) SME110, SME111, SME112 (23517 % kan i AfEIK DX, (B) SMEL10 O 44 L g4, Lanes: 1
and 3, SYK-6 ¥k 4 DNA HindIll-EcoRI #4{t4; 2 and 4, SME110 4= DNA HindIll-EcoRI j4{t4. DIG %
ik L7- 09480 72— (lane 1, 2) & kan 72— (lane 3, 4) VT NA TV EA B~ a3 v %&{T-
7. (D) SME111 O AT, Lanes: 5 and 7, SYK-6 £k 4= DNA Pstl-Sall 41{t%; 6 and 8, SME111 D4
DNA Pstl-Sall {H1b#. DIG #23#% L 7= 09500 7' —= (lane 5, 6) & kan 7'm—=7 (lane 7, 8) =M\ T, A
TV EA =3 E{To72. (F) SMEL12 O fig#T. Lanes: 9 and 11, SYK-6 £k D4 DNA Xhol {41k
¥; 10 and 12, SME112 ® 4= DNA Xhol {H{b#. DIG #23#% L 7= 09480-09500 7" = — 7 (lane 9, 10) & kan 7'
72— (lane 11,12) ZH W TN, TV XA B—2 3 V&2 T T,
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x>

120
100

DCA-C (uM)

Time (h)

it

uy)

100

Concentration (uM)

Fig. 32. SME110, SME111, SME112 ® DCA-C &% 1" DCA ZE#4hE.
(A) LB TH;# L7z SYK-6 ¥k, SME110, SME111, SME112 DK 1E#HE (ODeoo = 1.0) (2 & % 100 uM DCA-C
D7 (B) LB Ths#E L 7= SYK-6 £, SME110, SME111, SME112 O{KIEAE (ODgo = 0.5) (Z & 5 100 uM

DCA OZE#il DCA-C O EFE.

BRIEBEMICES FiEEZ Y 7Y 7L HPLC W TH I E1T o7,

Symbols: SYK-6 (circles); SME110 (squares); SME111 (diamonds); SME112 (triangles). & & HD Y AR 1E
ZHZHIDCA & DCA-CDRELRT. TNENDMEILIFEIHE LI EEZRT. =T — S — (345 HE

W72z R~d.

FAERR ORI/ & 100 uM DCA-C % S5t
S HPLC TGN Z 7R R, SMEL10
& SME111 @ DCA-C ZHEMEITBE ITIN T L
THY., AN 25 h OKET 100 uM DCA-
COETEEWHRTHDITH LTS5 hDORIGICE
WTTHYE DR 50%03 5% 17 L7z (Fig. 32A), &6
{2 SME112 {28\ CTid DCA-C DA HaIE A
KUz, —F., SHEEROIRIEMINA DCA &
B S8 72356 DCA OZE MR T bIT R &
MR ino T3 BHERR DY DCA O (2 DCA-
CZIZLALEM Lo TDITX LT,
SME110 & SME111 (Z#%/l L 7= DCA D) 50%
TV Y % DCA-C &R L7= (Fig. 32B),
F7-. SMEL12 (I L7 DCA LiZiEF&EE L
? DCA-C &M L7, U ED#ERNE, SYK-
6 FRIZFV T SLG_09480 & SLG_09500 | DCA-
C DI MHADBIEFThH D Z ENHLNE
720 Flfn T & Z R pheC LT pheD & Ay
% LT,

SME110 % U} SME111 7 DCA-C D] 50%%

55

B L7=Z & n5, PheC & PheD 78 DCA-C 12
GEND LEZONDAREMED (+)-DCA-
C & (-)-DCA-C ODWTNrZRFEHL TWVWDH Z
EM TSN, DCA-C LI E N AR
PEIRZFH 5 728912 DCA-C % chiral-HPLC T
YR LT AR, (RFFFERT 10.8 min & 12.2 min @
2 OO —7IZ3BEE 4L, DCA-C IEfIZ 2 DD
BYEEPRGENRTHND Z EnRENT (Fig.
33A), FENHEDHTOFRERNDHIDO E— T DY (+)-
DCA-C, A0 —27 73 (-)-DCA-C THDHZ
LM BN E R o572 (Fig. 33B), DCA-C EEdhIC
IZ (+)-DCA-C (ca. 49.6%) & (-)-DCA-C (ca.
50.4%) NZIXHEET OFENL TV,

SME110 & SME111 ORI Z 100 pM
DCA-C & 5 h s &, SR % chiral-HPLC
THM LTz, T DR, SMELL0 DORUSHETIZ
(-)-DCA-C MMZIFTHL L, (+)-DCA-C »FEAFL
7= (Fig. 34B), —J7. SME111 & O T EBWT
T OFE RS Sz (Fig. 34C), LLED#EHR
75, PheC & PheD 1%, 1€ (+)-DCA-C &
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(-)-DCA-C TR M2 FFD 2 & 235 < 7R
=Y W

DCA-C EH#aBE D RN EIZ pheC & pheD %
ML= Z LICERT 200 E2H 5720
phcC K OF pheD % pJB866 7 & —|ZHHAIA A
72 pJBVI09480 & pJBVI09500 % ZHLEHEA

A

1.0 (+)-DCA-C
0sl (108min) } ()-DCA-C
- 0.6+ (12.2 min)
£ 0.4+
0.2+
0
I T T 1
0 5 10 15 20
Retention time (min)
B 0.4917
(+)-DCA-C
<>3 0.4916
(->-DCA-C
0.4915 . | , ,
0 5 10 15 20
Retention time (min)
C

“cx (@] OCHs

OCHs3s
(+)-DCA-C

HO

OCH3
(-)-DCA-C

Fig. 33. Chiral-HPLC (= & % DCA-C D45 i

(A) UV W% (327 nm) Ick 5270~ 27T A,
(B) WENERHC LD 7 v~ 7T A, (C) (+)-DCA
& (-)-DCA DifsxtfidiE IXZ i Z41 (25,3R)-DCA
J Y (2R3S)-DCA THDH Z ERHEINLTND
(97).
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L72 SME110 & SME111 OfRIEAEE FHC
DCA-C DEMRE & ~To, ZOFER, i~ 7
2 I F%ZEA L7z SMEL10 & SME111 | DCA-
C ZEBIIEMT D Z EARE T (Fig. 35),
L EO#ERD S Wi s 15> DCA-C DAV
HATHDLZEDBHLMNEIRST,

at start
(-)-DCA-C

(17.9 min)

(+)-DCA-C

(15.6 min)

oA

T T T T I 1
5 10 15 20 25 30
Retention time (min)

SME1105h
(+)-DCA-C

(15.7 min)

ol
T T T I I 1
5 10 15 20 25 30
Retention time (min)

SME111 5h

(--DCA-C
(17.9 min)

.

I T I I I 1
5 10 15 20 25 30
Retention time (min)

Fig. 34. SME110 } (O} SME111 @ DCA-C |Z%}% %
NEAERPUE.

LB TH# L7 SME110 & O SME111 DR Ikl
(ODggo = 1.0) & 200 uM DCA-C % Jiis S, #RHF
MO EiE &S 7Y > 7 L chiral-HPLC T4y
Briv-. BRI 327nm & L7=. (A) SEM110 &
DCA-C DX~ E % @ chiral-HPLC 7 1~ k7' A,
(B) SEM110 & DCA-C D [)its 5h #% @ chiral-HPLC
s/ u< k2 F A (C)SEMI111 & DCA-C D 5h
#% o chiral-HPLC 7 i~ ~ 77 A,
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SME110 B SME110 SME111 SME111
+pJBVI09480 +pJBVI09480 +pJBVI09500 +pJBVI09500
at start 8h at start 8h

300+ 300+ 300 3004

3 E T B

200+ < 200 < 2004 < 200

o () o (=]

e 3 e &8

= 100 = 1004 = 100 = 100+

< < < <

£ , £ 4 £ X £ ol
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

Retention time (min) Retention time {(min) Retention time (min) Retention time (min)
Fig.35. fifi7 7 2 2 FZ#E A L7z SME110 & 1 SME111 ® DCA-C ZEH#AHE.

M~ 7 A R&E A L7 SMEL10 & O SME111 ORIl (ODgoo = 1.0) & 100 uM DCA-C % St &
, BRSNS B Z2 7Y 7L HPLC T L7-. MR 13 330 nm & L7z, (A) pheC 4~
Z A 3 K pJBVI09480 % A L 7= SEM110 & DCA-C D GE % D HPLC 7 v~ k77 L. (B) pJBVI09480
%38 A L72 SEM110 & DCA-C D) 8htk D HPLC 7 v~ K 7'F A, (C) pheDFHMH 7 7 A 2 K pIBVI09500
%38 A 7= SEM111 & DCA-C OUSE D HPLC 7 v~ 2~ L. (D) pJBVI09500 % A L 7= SEM111

L DCA-C Dt 8h# D HPLC 7 r~ k7T A,

4. PhcC & PhcD D JRTE PhcD % & To45 %y (PheC, 1.1 mg; PheD, 1.2
mg) @ DCA-C ZHATEM: 132 11241 340 £40 mU
&£330+£60mU TH Y., FIEEMEEIST (PheC, 6.8
mg; PhcD, 6.7 mg) (ZIXF4 56 D 162% (550 £ 5
mU) KO 11% (37 = 3 mU) DOIEMEREIE SN
2o TIUDOFEFRNE PheC & PheD [XAF/E L
WZEWD D D b O ORI & & o 7
JRIET 5 2 LRI S LT,

%5 1 E CTOMMNT 5 SYK-6 FRIZF1 T DCA-
C ZEHAl F2 1T AT s M 4y & i) 4y 0D T 5 (& Ry TE
T5Z LN ENT (Table3), # Z T, PheC &
PhcD @ SYK-6 #1255 1T 2 Ml BIEME 2B 5
MZT D72z, plB86L & X7 X —IZHWT
phcC & pheD % SYK-6 #£ TH Bl X, DCA [z
{EIEPE DML JRTEME 2 F0 A~ Tz,

phcC & pheD % i ENFEEL S H 7 Mifu s> &
55 =R © DCA-C B4 75T SYK-6 £
LR LT, FAEAL 95 f% (180 + 4 mU/mg of
protein) & 26 £i% (49 = 4 mU/mg of protein) (Z I
F L1, ZNOORRENSEA L -l s 10
SYK-6 HRICEBWTHMIK IR L2 Z LRSS
770 HERRA IR 2 B 1 0T & > CRIE MRy &
FIE 5312 531 L, SDS-PAGE 12 & » TH##T L 7=
At . PhcC DAPEZ 74 59 kDa D3 RAH3H]
BEMEImI 53 & S 5y O 7 CEIZE S 4, PheD (1T
DWW TR /71 65 kDa D 3> RSAEL LT
(Fig. 36), iR 10 mg 7= ® PhcC &

23456789

Fig. 36. phcC & phcD @ SYK-6 £ TOAEHL.

SDS-12% PAGE |Z & - phcC % 7-1% pheD %
A U7z SYK-6 Bk Mfafili e, wlvatEmi sy, M
53 (% 10 pg of protein) # 3L, 77—~ —7 Y
U7 v M7 n—IZ k> TYf L7, Lanes: 1, 4, and
7, pJB861 (vector); 2, 5, and 8, pJB109480 (phcC); 3,
6, and 9, pJBI09500 (phcD); 1-3, #l s Hiif; 4-6,
AIEPEm5; 7-9, MEE53; M, molecular size markers.
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5.phcC & phcD DRI & BeRRER

PhcC & PhcD DFEEFRFHIGEMEE 2 B 57>\
T 57212 N R His % 7 & 4 L7z pheC
& pheD % E. coli J2 OY SYK-6 Rk THEH S kR
%72, phcC % pET-16b (A L7277 A 3
% E.coli TH¥l =4, n-dodecyl-B-D-maltoside
S UM 0D 6 FEH 00 St i T P 791 0 TV IS 5370
HEFFEE R L, WA T o7 (Fig.37), L
2L, F5#L PhcC @ DCA-C (Zxtd % Heid i,
300 uM FAD DFEAE FIZI U THEE 4 DK 12%
(260 £ 20 mU/mg) IZF TIKF L7, —J7. His-

kDa

225
150

102
76

52

38
31

24

Fig. 37. E. coli }x Y SYK-6 # T4 pE & 7= PhcC &
PhcD D FEHL

SDS-12% PAGE |2 & » T 10 pg D % >/~ 7 B %%y
BEL, 7—~v—7 VU7 T —IC & o TY
£ L7z, Lanes: 1-2, E. coli BL21(DE3) cells harboring
PET09480 (phcC); 3-4, SYK-6 cells harboring
pJBI09500 (phcD); 1 and 3, M E 4y ; 2 and 4, Ni
Sepharose ¥ HiEi4y; M, molecular size markers.

3E
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tag fil A phcD % pJB861 (ZEA L7 A3 K
% SYK-6 K THBL S BEEI 537> & FLHE HEA
ZAWTAE b, MR AT > 7228, 300 pM
FAD +PMS OTFE(E FIZHW TR PheD 13R0E
LT\, £72, phcC ZFHBLIH7- E. coli D
AIPRAEE 737 S FEHL L 72 PheC 13596 LTV,
% Z TAMIZETIE, pheC & pheD &3¢ Hl & &
7= E. coli Ot i 2> & sRERL U 7= 5 4y %
WTHER TR E 25 Z & & Uiz,
ST BT, pheD 1X pheC & bhie L TR BLEN
B b DD, AR FEY OFENTITIX 53 7258
B o 07z (Fig. 38),

2 3 4

kDa M 1

Fig. 38. E. coli BL21(DE3) T® phcC & O pheD @
JEHL.

SDS-12% PAGE (2L » T 10 pug DX > 237 B by
L, 7—~v—7 VU T T =T Lo TY
8 L7-. Lanes: 1, 4, and 7, E. coli BL21(DE3) cells
PET-16b (vector); 2, 5, and 8, E. coli BL21(DE3) cells
pET09480 (phcC); 3, 6, and 9, pET09500 (phcD), 1-3,
MR G 4-6, RTESPEE ) 7-9, BRI S35 M,
molecular size markers.
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6. PhcC & PhcD @ DCA-C ZHaiE M

PhcC & PheD 23R
TLOMEHRRDT=Dl
% 721% PhcD (100 pg of protein/ml) Z & ¢ e 5
%y L 200 uM DCA-C % 300 uM FAD + PMS D7
F£FC 30 min fOG S, [SHZ HPLC T4y

DCA-C DR LREZ AT
Z PhcC (10 pg of protein/ml)

Br Uiz, & OFE R, PRFFFER] 3.1 min (2 DCA-CC
MEERME LTRSS, D &ED DCA-CL
(PRFFIRERE] 2.0 min) OAEREN R Hh7z (Fig. 39).
D OFER S PheC KUY PheD 1% DCA-C

A BRIEH Cyhr 7 /v a— L ORR{LEER H T 5
ZEPIRENT,

A at start B PhcC 30 min PhcD 30 min
500 500 500
E 400 DCA-C 'E 400 £ 400
ol o
o 300 o 300 E o 300 |
™~ (]

& 200 £ 200 1 € 200

2 100 i 2 100 ’ M 2 100 l I

E o E ol E o

T T T T 1 T T T T 1
10 20 30 40 50 0 10 20 30 40 50 0 1.0 20 30 40 50
Retention time (min) Retention time (min) Retention time (min)
D compound | E compound |
20+ 6.0

N 369 N

S 154 =) 341

X 4.0

2101 P 385

72} [22]

8 5- 827

IS £ OCHa OCHa

Ot L el 01— T 1 DCA-CL DCA-CC
100 200 300 400 500 100 200 300 400 500 [M-HI=m/z 369  [M-H] =m/z 385

m/z

Fig. 39. phcC & U pheD % 78l < 72 E. coli D
PhcC & 721% PhcD % & el 4y

m/z

ZJ % DCA-C DZH#a.

(PhcC, 10 pg of proteln/ml PhcD, 100 pg of protein/ml) % 300 uM FAD +

PMS f£7E T C 200 uM DCA-C & 30 min 5 Jis & Wi % LC-MS T/r#T L 7= HPLC 3 #ridfe il & 320
nm TA1T-o7z. (A) PheC Z & e 5y & DCA-C DFURE %D HPLC 7 v~ 7 Z A, (B) PheC Z & il
4y 30 min S5 @O HPLC 7 1~ k7' A (C) PheD % & o4y & DCA-C @ 30 min )i @ HPLC
7~ K277 .. (D) compound | DR AT 4 7 A A ESI-MS A7 k)L, (E) compound Il DR TTT 47
A A ESI-MS 2% kL. (F) DCA-CL & DCA-CC D,
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7. PhcC & PhcD D SEARTRIR 4

phcC K O* pheD RIERR DfiFHT 725 . PheC &
PhcD 78 DCA-C D #7022 SEAR SR AR R &
FfoZ RS N7z, WlEsA D DCA-C Stk
RIZ kTS D SEARERIRYE A DD 5 72 D12, PheC
F£ 721X PhcD % & e 53 (PhcC, 10 pg of
protein/ml; PhcD, 100 pg of protein/ml) & 200 uM
DCA-C % 300 uM FAD + PMS O {£/E F T 10 min
St & 472, Chiral-HPLC {23 Tix DCA-C &
R CTdh D DCA-CC DFRFHRFRI AN ITHE L C
WA, KR THEAF L7 DCA-C g7 1
~ T T 4 —ThHEEENLL, ZD% chiral-
HPLC Tt L7z, ZDf5E, PheC & T PheD
& DCA-C DRISIZBWTENZLN (-)-DCA-C
L (#)-DCA-C DEAFL TWAHZ LRI
(Fig. 40), LA EDOFERS . PheC J2 O PheD 2%
ZNEh (+)-DCA-C & (-)-DCA-C IZxf L THr
BRSO LWL E otz

-
—

60

i
A preparation
—~ 500~ (+)-DCA-C, (-)-DCA-C
5400_ (15.7 min) (17.9 min)
ch\] 3004
@ 200+
-) _

z 100

£ 0

] ] ] ] I 1
0O 5 10 15 20 25 30
Retention time (min)

B PhcC 10 min
£ (-)-DCA-C
[= -)- -
c 60— (17.3 min)

M~
& 40-
= 20
<
g 0
| | ] | | 1
0 5 10 15 20 25 30
Retention time (min)
C PhcD 10 min
100

= (+)-DCA-C
E 80— " (15.0 min)

R 60

. 40 (-)-DCA-C

) - (17.1 mi

3 20 min)
g 0

[ I [ | I 1
0O 5 10 15 20 25 30

Retention time (min)

Fig. 40. phcC K Of pheD 388l =¥ 7 E. coli D
[ 43 D DCA-C (2% 25 AR,

PhcC 721X PheD % & Eeffili4y (PhcC, 10 pg of
protein/ml; PhcD, 100 pg of protein/ml) % 300 uM
FAD + PMS 7£{£ F T 200 uM DCA-C & 10 min /<
Ji SIS % LC-MS T#T L7z, HPLC 34T i
M 327 nm T1T - 7-. (A) DCA-C & o
chiral-HPLC 7 &~ K 7' Z A, (B) PhcC % & o5
sy & DCA-C & D 10 min #1247%7F L 7= DCA-
C @ chiral-HPLC 7 v~ ~ 7'Z 4. (C) PheD % & &»
5y & DCA-C & @t 10 min &IZ&RGF L7z
chiral-HPLC 7 v~ K 77 A,
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&

8. PhcC & PhcD D EEIEEE & 38 pH

PhcC 7213 PhcD % & o5y (PheC, 5 pg
of protein/ml; PhcD, 50 pg of protein/ml) & 100
uM DCA-C % 300 uM FAD +PMS 77£4E T TR
&4, PhcC Ut PheD @ DCA-C ZE#HUZ 1T %
IR & = pH 2 HIE L7c, =iE pH 13 GTA
buffer (pH 5.0~9.0) & CHES buffer (pH 8.6~10.0)
Z VN T 30°C TR~ 7z, B 1T GTA buffer
(PhcC, pH 9.0; PhcD, pH 7.5) % v T 10~50°C
DRI TRIGSE D Z & TRERE L~ £
DOFEF, PhcC OF R 1 30°C T pH (%
9.0, PhcD O EIREEIL 40°C THE pH (X
7.0~8.0 Th 7= (Fig. 41),

25004
A5 PhcC
20004
15004
10004

500

Specific activity (mU/mg

T T T T T T T 1
6.0 65 70 7.5 80 85 9.0 9.5 100
pH

C 120

100

PhcD

(o]
o
|

e

S
=]
1

Specific activity (mU/mg)
b 2
1 1

o

T T T T T T T T 1
6.0 65 70 7.5 8.0 85 9.0 95 10.0
pH

Fig. 41. PhcC } O PheD O Ji i & %3 pH.

3E

9. PhcC & PhcD 7 5 ¥ U HIERFDRIE

GMC oxidoreductase family |Z )& 3 2 B#5& 1%
FAD Z AR+ & LTERT D Z LA HALT
W% (98), & Z T, PhcC & PheD IZfEA LTV
D77 EHARD T pheC £ 72 1d pheD %
JEHL SH T2 E. coli D5y (485 ng) % 100 pl
Ot TR L, 10 min 9 L T &% HPLC
THMT L7o, FAD B2 &G & OB OFE R PheC i
RS FEE LT FAD 28Tl LAVRS N
(Fig. 42C, E), —Ji. PhcD O&E i L5 7m0 51

Ber—ri3mit &l o7 (Fig. 42D),
Z AU, PheD OFEHLES PheC & bk L CTav/e
DKL, BRERFRLL T THoTe/zdb LB X B
77

B gzm‘ PhcC
S 2000
E
> 1500
=
S 1000
Q
g 500
j= R
%)
O—T——T——T——T7T T T T T
10 15 20 25 30 35 40 45 50
Temperature (°C)
200+
D 5 PhcD
£
5 160
E
> 120-
=
S g0
Lo
S 40-
[}
j=
»

o

T T T T T T T T 1
10 15 20 25 30 35 40 45 50
Temperature (°C)

(Aand C) PhcC % Tf PheD @i pH. GTA buffer (pH 5.0~9.0) & CHES buffer (pH 8.6~10.0) % A>T PhcC
F 7213 PhcD % & deEli sy (PhcC, 5 pg of protein/ml; PhcD, 50 pg of protein/ml) & 100 uM DCA-C % 300
uM FAD & 300 uM PMS D AFTE FIZ3 T 30°C THUG S8, EE O 86 st % K ed 7=, (B and
D) PhcC % Of PheD @ E i % . GTA buffer (PhcC, pH 9.0; PheD, pH 7.5) % FI\ T PhcC F 721 PhcD % &
e E 73 (PhcC, 5 ug of protein/ml; PhcD, 50 ug of protein/ml) & 100 pM DCA-C % 300 uM FAD & 300 uM
PMS DAF{E F T 10~50°C TG &, IE O &6 G2 R 7. 22 OfEiE 3 mIREIE L7z
VENEZ R, =T — =R R AL R T
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A preparation B pET16b
400+ 12 min 100
E 300~ ' E 80
g g 60
g 2004 € 40
o 100 2
E z X
£ 0 E 0
T 71 1
0 1.0 2.0 3.0 0 1.0 2.0 3.0
Retention time (min) Retention time (min)
C PhcC D PhcD
__100 100
E 80 E 80
© 60 © 60
S 40 1.2 min & 40
o] o
b= 20 = 20
£ 0 £ 0
| I I 1
0 1.0 2.0 3.0 0 1.0 20 3.0
Retention time (min) Retention time (min)
E F

0.025
@ 0.020
5]

0107 ¢ preparation 266 PhcC

200 300
Wavelength (nm)

400 500 200 300 400 500
Wavelength (nm)

Fig. 42. PhcC & PheD |
DIRE.
PhcC F 721X PhcD % & Tellbiii oy % ik (2 ik L

10min B9 52 & T7 7% LT HPLC

38T L7z, HPLC O HiIE 266 nm T1T 572, (A)
FAD 2/, (50 uM) @ HPLC 7 =< k2'F 4. (B)
PET-16b %3 A L 7= E. coli Ol 4y 2 &b L7- |
D HPLC 7 u~ k27 Z A, (C) PheC Z & L7z
D HPLC 7 v~ k7' A, (D) PheD il sy
®D HPLC 7 m~ K 7F 4. (E) FAD 55,0 UV-VIS
AR F v (F)PheC Z &b L 7= ETE D UV-VIS X
~7 b,

IEEND T T EUHMRT

10. PhcC & PhcD D EL & 4 Bk

PhcC & PheD DSEE RS Z T~ 25 7201
ThZEh % & e BEE 5 (PheC, 5 ng of
protein/ml; PhcD, 50 ug of protein/ml) & 100 uM

® DCA.DCA-L.DCA-C.B-O-4 Bt 5%) (GGE)
K OB-17UEEY (HMPPD), U 7= HkE /
~ — D coniferyl alcohol . B-
hydroxypropiovanillone, vanillyl alcohol Z 300 uM
FAD + PMS DfF7E F TG &, RIS %
HPLC Ta#r L7z, ZDOfE%R, PhcC KX Ut PhcD
1L DCA 1Zxf L TE£ AL £741 2,200 + 100 mU/mg of
protein & 230 + 8 mU/mg of protein DIEME% 7~
L. DCA-C Zx4 27EM: (2,100 + 300 mU/mg of
protein }z TX 180 + 20 mU/mg of protein) & [F]%%
OfE %7~ L7z (Table 10), PhcC & DCA & DX
& CARR L7z pEW) % LC-MS CREFT L7255 3.
DCA @ A BAIEH CyRr 7 /v 2 — LN B ViR Vi
WL STV D Z RS NT- (Fig. 43B, C),
F 72 PhcC & PheD 1% DCA-L IZ%F L T iM%
AL THY DCA-C IZXT DIENMED 67%K
47%% 7~ L7z, PhcC & DCA-L & DFIGIZ k-
THARLZED S A BRAUE Cyir7 = —/Lin
ANRBIIBLENTWVWD Z LR RENT
(Fig. 43E, F), PhcC X coniferyl alcohol (Zx) L T
DCA-C (Zkf3 2 HIEMEDR) 4 %DIEMEE R L
7273, PhcC K UF PheD (2D U 7" = > & {R{L
B HERM LG L TEEZ RS2

77,

Table 10. PhcC KT PheD @ DCA kONY 7=
HRIb AR5 D kTG

Specific activity 2 °

Substrate (mU/mg)
PhcC PhcD

DCA 2200 =100 230+8
DCA-L 1400 £ 100 85+ 20
DCA-C 2100 + 300 180+ 20
GGE ND ND
HMPPD ND ND
Coniferyl alcohol 80+ 20 ND
B—Hydroxypropiovanillone ND ND
Vanillyl alcohol ND ND

@ ND, not detected.
bZNZENOMENE 3 BHE L2 EEE R
+ IR ERAEZ R



I

A at start 10 min o} compound IlI
200 200 -
- DCA ~ =0 327
E 150 (2.1 min) E 150 © 6.0
o o 2
& 10 R 100 I 2 401
S 50 S 50 (emn 2
< < 8 2.0 371
= o = o O [P | Y
oLl Y
T T T T 1 T T T T 1 I I I 1
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Retention time (min) Retention time (min) m/z
D at start 10 min F compound IV
200+ 200 6.0 325
o DCA-L o
c 150+ (3.7 min) 150 =
o o x 4.0+
3100— %100— v _és 369
S 504 5 504 (4.5 min) 2 2.0
2 50 2 50 g
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Fig. 43. phcC K Of pheD % 38l X #7= E. coli ®EE /312 L5 DCA & DCA-L DZEH#,

PhcC % 7213 PheD % & TefEEE 4y (PhcC, 5 ug of protein/ml; PhcD, 50 pg of protein/ml) % 300 uM FAD + PMS
F#E T C 200 uM DCA & L < {3 DCA-L & 10 min [ &8, UG Z LC-MS To3#fr L7z. HPLC 734 @
IR 1%, DCA KON DCA-L % 58 & L7=FE, 234 290 nm & 320 nm & L7z, (A) PheC % & e fiE]
4y & DCA DRISEH% D HPLC 7 1~ k275 A, (B) PheC % & doli4y O K it 10 min #% D HPLC 7 1<
k2" 2. (D) compound Il DR H T 4 7 A > ESI-MS 2227 kL. (D) PhcC % & TefiEi 4y & DCA-L O
BUSEH% D HPLC 7 =~ k27 A, (E) PheC % & Lo 4y & DCA-L O i 10 min % HPLC 7 v~ b
7" A, (F) compound IV DR AT 4 7 A 4 ESI-MS AX7 kL. (G) DCA-AC #Z 5D HPLC 7 v~ 7
Z . (H) DCA-AC IES DO R AT 4 7' A 4> ESI-MS A7 kL. (F) DCA-AC & compound IV D1,

11. PhcC & PhcD O EFZ &4k

phcC & phcD Z#ZNENFHELSE7z SYK-6
PR T DCA-C B biEtEIc S < & H¥mo
PhcC & K453 PheD ASHEIEEIZAFET 5 &
Ez bz, o> T, SYK-6 £ DCA-C izl
FSIZB W T, BICHFEET 22X/ v

63

(CoQu) ZHEFZAME LTHIH L TWD AlRE
PEARE 2 Bhiz, & Z T PMS D1 1 12 CoQuo
7% 8 (K T H»H % 23-dimethoxy-5-methyl-p-
benzoquinone (CoQg) & L <& 2,3-dimethoxy-5-
methyl-6-(3-methyl-2-butenyl)-1,4-benzoquinone

(CoQ1) % AT PhecC & PheD @ DCA-C Z:Ht
T A J <72, PhcC & 721% PheD % & To il 4y



I

o Table 11. PhcC & OF PheD D FE - F IR
(PhcC, 5 pg of protein/ml; PhcD, 50 pg of F1E FIz351) 5 DCAC Bfb i
protein/ml) & 200 uM DCA-C % 300 uM FAD & Electron acceptor Specific activity * (mU/mg)
PhcC PhcD
300 uM CoQo b L < i& CoQu DAFFE F THUE & PMS 2100300 18020
., RS % HPLC THHT L7z, Z DR, PheC CoQu 2000200 180+ 10
CoQ1 1900 +600 160 + 10
TiX CoQo X CoQ: & HWTIZIRFIZENLZE I None 770 + 300 60 + 10

PENENOME 3 [FE U7 I EZ R~

2,000 + 200 mU/mg of protein & 1,900 + 600 £ LS &

mU/mg of protein, PhcD CiX 180 =20 mU/mg of
protein & 160 + 10 mU/mg of protein & ELiE P2
Foz (Table1l), b OfEIX PMS % & 1
SZRRE LIEGE L IZIERS ThoT2 &
5. PhcC & PheD 1T b% / v 2B ZRIKE
LCHIHT 2 Z E DM R I N,
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BE

AREETIL DCA-C ORALIZH < BB a1 &
L T GMC oxidoreductase family (ZJ& 3 % % >/
78 % a— 3% pheC & pheD Z[RIE L7z,
GMC oxidoreductase family (2 J& 7 2 BEE 13 —%
T a—)v b RT3 — L E et S
A L TH Y., glucose oxidase (EC 1.1.3.4),
cholesterol oxidase (EC 1.1.3.6), pyranose oxidase
(EC 1.1.3.10), methanol oxidase (EC 1.1.3.13), aryl
alcohol oxidase (EC 1.1.3.7), choline oxidase (EC
1.1.3.17) J O* choline dehydrogenase (EC. 1. 1. 99.
1) 72 ERkx 2R DR LTV % (98,99), GMC
oxidoreductase family (ZJ& 9" 231X FAD % #f
WALFTHZERmMoNTEY (98). N Kl
FAD #E& R A A U BRFEI LTV D (100),
PhcC X OFPheD D7 X/ A & | fifi b i i )3
7> C U2 Mesorhizobium loti @ pyridoxine 4-
oxidase Arthrobacter

globiformis @ choline oxidase (CodA, Q7X2H8),

(PnoX, BAB53014) .

A

it

Pleurotus eryngii @ aryl alcohol oxidase (Aao,
AACT72747), Aspergillus niger @ glucose oxidase
(Gox, P13006) & D7 2/ BRECH D e in G |
PhcC K& TF PheD 1I28WTH N KimlZ ADP-
binding Bap fold 23 fx{FS#1THk Y, PhcC IZ-D
WTIEEEBRIZ FAD 28 LTV D Z EAVRE
i (Fig.42), F£7z. ABEHE TIHMEEIL L LT
W STV B C KR histidine 23R (7 S 41T
Y PhcC & PheD IZB W T bIRAIBRD T X /2
FRIEDRAF SN TWD Z LR E L (Fig.
44B), Z O histidine 7% PhcC K& O PheD D&
WCHETHDL LEZ DN,

SYK-6 ¥k 4" 7 2 112i% pheC & pheD %5
i 6 - GMC oxidoreductase family (ZJ& 3 5 [i#
FEEFPFEL TR . RN G 2 b
DR E AT 1X42 T choline dehydrogenase (2 &
T 52 RS (Fig. 45),

PhceC —==—————- o m e LASKTPDFIVIGSGSSGAVIAARLSEDPDASVLVLEAGKRERSMR-LAMPILFPFVMADPKFNWSYMGEPEPFANDRQIRQPRG 83
PheD ========= LNHHELPNNSMIVIAPSGRDKINWRAALSTEKFDYVIVGAGSAGAVLAARLTEDPAVRVLLLEAGGGGDDWL-IRMPLGFLKALFKPGYTWPYWTEPEPHMNGRKLILPRG 110
PnoX ---------------- MADGVRMTRAKVEHAPNCDIVIVGGGSAGSLLAARLSEDPDSRVLLIEAGEEPTDPD- IWNPAAWP-ALQGRSYDWDYRTEAQAGTAGRAHHWARG 94
CodR —=—=——=-------m————— oo MHIDNIENLSDREFDYIVVGGGSAGARVAARLSEDPAVSVALVERGPDDRGVP-EVLOLDRWMELLESGYDWDYPIEPQENGNS-FMRHARA 90
Rao ———————————- MSFGALRQLLLIACLALPSLAATNLPTADFDYVVVGAGNAGNVVAARLTEDPDVSVLVLEAGYSDENVLGAEAPLLAPGLVPNSIFDWNYTTTAQAGYNGRSIAYPRG 108

Gox MQTLLVSSLVVSLAAALPHYIRSNGIEASLLTDPKDVSGRTVDYIIAGGGLTGLTTAARLTENPNISVLVIESGSYESDRGPIIEDLNAYGDIFGSSVDHAYETVELATNNQTALIRS-G 119

IR Wk H W

B

1 *orrkrk . : *

PhcC PRILSNVLSTE--NDRAFFRRLIPQLRELFATAPLSEVLTGEVMPGP-DVRTPD--EIDAWVRNAINTALEPVGTCAMG--QDDMAVVDARLRVAGIAGLRVADAAIMPRIVGGNTNAAC 521
PheD VGIFLNLFSAP--ADFATARAGIRIARKIYATAPQSEITGAEIAPGI-DVQSDE--ALDEHIRATTTTTQHPLGTCRMG--SGPMAVVDPQLRVIGMEGLRVIDASVMPDETGGNINAPT 547
PnoX LIIDPAYLQTG--RDRERFRRALEASRTIGHRDELAGWRERELLPG--TPNSAA--EMDDFIARSVITHHHPCGTCRMG--KDPDAVVDANLRLKALDNLEVVDASIMPNLTAGPIHAAY 509
CodA PMVDPRYFTDPEGHDMRVMVAGIRKAREIAAQPAMAEWTGRELSPGV-EAQTDE--ELQDYIRKTHNTVYHPVGTVRMGAVEDEMSPLDPELRVKGVTGLRVADASVMPERVTVNPNITV 515
Bao PLINPQYLSTE--FDIFTMIQAVKSNLRFLSGQAWADFVIRPFDPRLRDPTDDA--ATIESYIRDNANTIFHPVGTASMSPRGASWGVVDPDLKVKGVDGLRIVDGSILPFAPNAHTQGPT 578

......

Fig. 44. PhcC &% U PhcD & GMC oxidoreductase family (ZJ& 9~ 2 & fb i L TV DR DT X/ iR
BCAIDT F 4 A b, (A) N RE#IZIE(ET 5 ADP-binding Bop fold % # (4 CT/rd. (B) C KR F SN T
W DIEPETAL O histidine % 7R 2 T2 9. PnoX, Pyridoxine 4-oxidase of Mesorhizobium loti (BAB53014); CodA,
choline oxidase of Arthrobacter globiformis (Q7X2H8); Aao, aryl alcohol oxidase of Pleurotus eryngii
(AACT2747); Gox, glucose oxidase of Aspergillus niger (P13006).
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Fig. 45. PhcC K O°PheD & BEJN & 7= 134 7€ © GMC oxidoreductase family enzyme® &4

GMC oxidoreductase family enzymes: PhcC (SLG_09480) and PhcD (SLG_09500), DCA-C oxidases of
Sphingobium sp. SYK-6; BetA_Ec, choline dehydrogenase of E. coli K-12 (P17444); BetA_Cs, choline
dehydrogenase of Chromohalobacter salexigens DSM 3043 (Q9L4KO0); BetA Rm, choline dehydrogenase of
Rhizobium meliloti 1021 (P54223); AlkJ_Pp, alcohol dehydrogenase of Pseudomonas putida GPol (QQWWW?2);
PegA_St, polyethylene glycol dehydrogenase of Sphingopyxis terrae (Q93149); Pno_MI, pyridoxine 4-oxidase of
Microbacterium luteolum YK-1 (Q9AJD6); BetA Mm, 5-hydroxymethylfurfural oxidase of Methylovorus sp.
MP688 (E4QP00); Gox_An, glucose oxidase of Aspergillus niger NRLL-3 (P13006); Gox_Pa, glucose oxidase of
Penicillium amagasakiense (P81156); P2ox_Pc, pyranose 2-oxidase of Phanerochaete chrysosporium BKM-F-
1767 (Q6QWRL1); P20ox_Tv, pyranose 2-oxidase of Trametes versicolor (P79076); P2ox_Pg, pyranose 2-oxidase of
Phlebiopsis gigantea DSM 13218 (Q6UG02); P2ox_Tm, pyranose 2-oxidase of Tricholoma matsutake (Q8J2V8);
ChoB_Bs, cholesterol oxidase of Brevibacterium sterolicum (P22637); ChoA_Ss, cholesterol oxidase of
Streptomyces sp. SA-COO (P12676); ChoD_Mt, cholesterol oxidase of Mycobacterium tuberculosis H37Rv
(POWMV9); Mox_Pa, methanol oxidase of Pichia angusta (P04841); Aodl_Cb, alcohol oxidase of Candida
boidinii S2 (Q00922). Putative GMC oxidoreductase family enzymes: SLG_11400, SLG_12830, SLG_20170, and
SLG_27980 of Sphingobium sp. SYK-6; WYH_02651, WYH_02653, and WYH_02869 of Altererythrobacter
atlanticus 26DY36; TS85 05630 and TS85_ 05635 of Sphingomonas sp. WHSC-8; L288 14545 of Sphingobium
quisquiliarum P25; NSU_1606 of Novosphingobium pentaromativorans US6-1; Caul_3245 of Caulobacter sp.
K31; M529_19015 of Sphingobium ummariense RL-3; YP76_13265 of Sphingobium chungbukense DJ77.
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&

Chiral-HPLC fi##17>5 DCA-C K IZIE (+)-
DCA-C L (-)-DCA-C BNFIFEREGENTEY
(Fig. 32). PhcC & PhcD IE2 42 #41(+)-DCA-C
& (-)-DCA-C T\ ARSI A 7R 7~ oxidase
ThdHIZ ENHLNE o7 (Fig. 33, Fig. 40),
SYK-6 #£1Z 31 T pheC & pheD 13Z N2 4L(+)-
DCA-C & (-)-DCA-C OZEHICHVETHDH Z &
7R &4 (Fig. 31A), phcC pheD — EEAREERK 1T
DCA-C DZEHaREZ K\, DCA L DA »F 2~
— g lEo T, IMINL7 DCA LIZIT%EE
JL?® DCA-C #ZFfE L7- (Fig.32B), 245 Dk
R 5, DCA 7% DCA-C Z ik L CTR# S,
DCA-C DZH#Z PheC & PheD B TH D &
fhim S ALz, T E TICYHIEEICB VT,
SYK-6 ¥k L % B-aryl ether {LA&#TH 5 GGE
DIEHITIBUNT, 4 DONLARFRVER 2 FRE I
Wik LT Cofi 7 v a— LDt E21T 5 Co-
dehydrogenase (LigD, LigL, LigN) & Co-
dehydrogenase SUGEM T D 2 DDONIAKENE
Kizxt LT F o FABRIC = — T LB
Z 1T 9 glutathione S-transferase (LigF, LigE, LigP)
DT 5 Z ERHLMZINTE 7 (Fig. 6)
(27-29), AHFZE TR S NIRRT, SYK-6 KR IXB-
aryl ether 7215 72 < phenylcoumaran #d U 77
=V HRIEAIT DN T b SRR R 2 45 iR
TOLDITHEE SNLHERCESL T
7= Z LR ENT, B2 pheC & pheD 28 1 S D
G 2R L T, R LTI dH 208
DCA HE N THEINDLI I ENDBEDI L
2MA 2% (Fig. 30, Table 3), phcC & pheD i3 DCA
FVERZ A E L TR 57212, SYK-6
T LI, oML TELLEETE
BAamE L CTERBINTEI SO REENS 2
55, pheC & pheD ICHFEIME A RT & o3y
Br T —AXN—ANLREBELIZE A,

3E

67

Altererythrobacter atlanticus 26DY 36
(WYH_02651, WYH_02653) & Sphingomonas sp.
WHSC-8 (TS85_05630, TS85_05635) (ZH T
phcC 2 UtpheD & w77 2 7 BRECSIFHREME (51-
65%) % RTEinf2 kv b TIEE LT (Fig.
45), WRED Z i 5 E5 T FEY ) DCA-C DL
{bEaW 2 LB T 28N 56T 5
AREMEN B Z B D, RBANIZEL. T8 K
WCEENLH BRI LT, RN EmD
SEAREIR M & 7”4 GMC oxidoreductase family (2
BT % 2 O0DEER W 62N LT=HIH TOWE
Th D,

SYK-6 #kIZ351 T DCA-C A HalEMEIL, Mllfa
B LR O T I vl (Table3), 20
fE S L khi LT, pheC & pheD % SYK-6 #£C
FEBL S A 7o BRI B R I & M e oD T
FIZJRE L, FRIZmFEEL L 72 pheC 123\ Tl
FAD + PMS f7(£ I CHEIZE & MlefE RIS
DCA-C ZHaiEMEA R LTz, SYK-6 BRIZHIT 5
PhcC & PheD Oifffifl N JRFEME & IEL L T.GMC
oxidoreductase family (Z J& 9- % Sphingopyxis
terrae @ polyethylene glycol dehydrogenase (PegA)
b ATER MR Sy & IR 5y O 5 I RTET D 2 &
NPHEEINTWD (101), £72F L GMC
oxidoreductase family (ZJ& 9% P. putida GPol ¥k
@ alcohol dehydrogenase (AIKJ) 1EHEIZJRTET 5
ZEDRESITVWA (102), PheC, PheD, PegA
KOV A TV ud o 7 F VS K OV B
RAL VHRERNZ &b TR
RIS N IVEThD EHEESND, Zhb
DOEEFEN ED X I L THRIZBEL TV D H
[ZOWTITBRZES | S RO DBLETH D,
E72. PegA & A IZENEHh =B X
(CoQuo) K UNZDFFEER (CoQo & TN CoQy) %
BIZARE L THAARETH D Z LIRS



Paraxd

&

LTV 5 (102,103), & 512 CoQr M UEE DAF
TE R Alk) 7°5 cytochrome ¢ ~D&E FAREN
BRI TRV, A LK PegA ITIE M B
ST B EFRSEHIRET D Z RS
TW5 (102, 103), —J7. PhcC & PheD % [Al4k
[ZaeF ) UFEAETHD CoQo & CoQr &
FRARE LTHAFRETH Y \PMS ZFE 1%
AR E LTole L [A% 0> DCA-C Fefbigthz R L
72 BT, DNA ~A 7 a7 LA RTINS,
SYK-6 ¥ DCA 5535 EFIZ vanillate B5#8 s &t
2 LT, cytochrome ¢ family protein 2 = — K"
% SLG_38090 73%J 6 fFIC#FE I D Z & AVR
N7z (Fig.S1), TN HETORERNS, FHIC
J&AES % PheC & PheD 1 DCA-C BE{LIRFIZ A 5
NIEEfZ2 X 2 L, SLG_38090 7=
— K9 % cytochrome ¢ % #%H L CRESHIZE
miET L Z el s, —J, MREIC F
f£9°% PhcC K O® PheD 13fEs% % B -2 Ak &
T Z ENHAHED S LIVIRW DN, RUSEDR DMK
< (Tablel1l), A&7 HO: £ T 5 Z &b,
HIRE\ZAF(ET 5 PheC & PheD I in vivo 1235
\7 %5 DCA-C DAL EE etz 5 T
BmnWEEZLBND,

PhcC & PheD % & el /312 . > TDCA-CI
VIR BEEAR T do 5 DCA-CCIT A S 41,
T VT e RREEAETH 5 DCA-CLO AT E
T o7 (Fig.39), Z OfEFI%, Mm% DCA-
Cx NN VBRI E T 2 2 AT
52 &R L TS, GMC oxidoreductase
family!Z J& 9~ % aryl alcohol oxidase (AAOQ) | &
¥ & & 72benzyl alcohol 3% 4 % benzaldehyde 1=
b 2EEZ AT 5, £O—F7T, AAOIEW
SOMDFEHFRT VT & Rioxt L TELEE
1, U VX HKRAAODDbenzaldehyde DL
15 (X benzyl alcohol D 2 b 1E 14 0D 1% ATl T &b
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% W3, 4-nitrobenzaldehyde @ % 1k 1% 1 13 4-
nitrobenzyl alcoholfi2{biEME DK -4 DIE A 7~
(104), Z D7 VT & RFFEED D DI VR P
FHERO AL, 7T B REBERO KR
S Cgem-diol 3 4L L. Z O HfEAEEZ AAOH
by o2 LickdEEXLLNTNDS (105),
[Al 4 O Kt~ 1 . betaine aldehyde % #% H1 L T
choline % glycine betaine &£ T & bt § 5
Arthrobacter globiformis@® choline oxidase(Z ¥\
THEHN TS (106), LA ED Z & 725 PheC
F 721%PhcD & DCA-C & @ [ J&IZ & - TDCA-
CLDgem-diol 23 1% L . & D #%DCA-CL gem-diol
MDCA-CCETRRIL L2 EEESND, L
L. AHFFETIEPhcC & PheD % & e K
WH 5y 2 W CTEREZTo TS ZEND, 4
BTG U 7283 %2 V) TDCA-CD XK EY)
ERGET D MEND D, £, HFHIEITBNT
SYK-6Fk DAl i 2> & BRAN AT K 0 AR5y
Ty & R LT SR & DCA-C& IS S+
7ok 5. DCA-CLO AR 3Bl %E Sz (Fig. 13).
E DI SUSIRICNAD Z i3 % & DCA-CLA
DCA-CCIZEH I NIz, TN EDFERND
PhcC & PhcDIZDCA-C%#DCA-CLIZER{E L, &5
IZDCA-CCE TRtk d 2HE 1247 L TV D A3,
FR I (2 7EAE 9 D NAD K 77 ALDH % DCA-
CLODCA-CC~DREALIZINT WD b D & HE
EIND,

PhcC & PhcD 23fgfb mlREZR FLE 23R~ 7 &
25, ZRUBEEFEIT DCA-C FR{LiEdE & RS o
DCA @ A BRIUBRRLIEMEZ A L Tz, 20
FERNG PheC & PheD 125> T DCA @ A ER
RIS DI B L S DR DMFAET D Al hE
PERE 2 BTz, L L7203 5 SYK-6 BR DM
R A V72 DCA ZHEBRClx, B BRI
Cyfir 7 b2 — /L3 f{k S 4172 DCA-L & DCA-C
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DR SNT-DIZ LT DCA @ A BHlH Cy RohRholcZl Lnh, SYK-6 BRIZEWT
M7y v a—Anbsni b EmiEmit 4L PheC & PheD 1% DCA OZEHAIZIZEI G- Lgu &
7272 (Fig.13), & 5|2 pheCpheD —EMfE  Ex 515 (Fig. 31B),
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ROaTHEEEZR YOI EIERY V=K
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LN EN TV o 72B-5 A & R
phenylcoumaran % {t. & %) . dehydrodiconiferyl
alcohol (DCA) DE#EIE Sk AL 1 B
B4 B E RGOV T 21T - 7=,

SYK-6#£IZ & % DCA DRHFEW DFFHT NG |
DCA [I#IDIZ BER{AIEE Cy i 7 /b2 — Vi3 v
RUMBIZR{E Sz DCA-C ~E A, %
D%, DCA-C D A BMIEH Cy (L7 V3 — /L35
IV RIS S, AR IR &2 T T AR I AT
X B RE i & f T ovanilling & OV 5-
formylferulate |2 &b 2 EBNRB STz,
SYK-6 HhOBEIZF T4 77V —inbigEIC
DCA LH#ifex 5 2 pEFEIx T L LT,
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[l %773 SLG_05620 & SLG_24930 73 Hif &
iz, b DOBILFEYIL. DCA % DCA D
BERMIEH Cy Ly 7 VT b RIZE{L &7z DCA-
LIS DIEM A2 A LT, SYK-6 RO S
J LHZIE, SLG_ 05620 K TF SLG 24930 & #H
[ 2 R OB RIS ME(E L, D 72<
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DCA ZHEMZ AT 5 Z LRSSz, — .
DCA-L DELIZE G- oMHRIcT-& LT,
SYK-6 #RIZH/E T 2 21 {# @ aldehyde
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DCA-L B iEME A ~To, £ ORER, 4 DDE
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R B\ T DCA-L BB OF B 2K T 38l
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@  alcohol dehydrogenase & aldehyde
dehydrogenase 73B5-3" % & fiam S L7,

SYK-6 #k @ #l ja il i &2 Fl W 72 SRR~ &
DCA-C ZE#afi#3£1%. i) FAD OIFfE F CiEtE(L
INDHZ & i) MR & HE O W RTE
4% Z L. iii) DCA 338 FLIHMEANK 1.7 15
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EOF | IR L LT DCARFERITK 2
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L7z, ThOEEFOHEET 2 7 BREsIE,
glucose-methanol-choline oxidoreductase family (Z
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phcC RERK & pheD Rk > DCA-C ZEHaiE M
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727 4 —45ih 6| PheC & PheD 1E, Z4L
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Microarray preparation.

An array of 5,542 specific oligonucleotides (5,447 45-
mer and 95 35-mer; melting temperature, 72 + 5°C)
was designed based on the Sphingobium sp. SYK-6
genome sequence (GenBank accession no. AP012222
and AP012223). The oligonucleotides were designed
using sequences from the 4,063 putative genes and
synthesized by Sigma-Genosys (Sigma-Aldrich) and
printed onto glass slides by Kaken-Genegs. As a
positive control, all of the oligonucleotides were mixed
and printed at the corners of each subgrid.

RNA isolation and cDNA synthesis for
microarray analysis.

Cells of SYK-6 were grown in Wx-SEMP until the
ODG600 of the culture reached 0.5. Cultures were
further incubated with 2 mM DCA for 2 h, with 2 mM
vanillate for 6 h, or without any substrates for 2 h. Total
RNA was isolated using lIsogen Il reagent (Nippon
Gene) according to the manufacturer’s instructions.
Purified RNA was then treated with RNase-free DNase
I (Roche) to remove any contaminated DNA. RNA
samples isolated from three independent cultures were
used for cDNA synthesis. Total RNA (6 pg) was
labeled using an indirect method in which aminoallyl-
dUTPs were incorporated by reverse transcription
using a mixture of two kinds of random hexamers,
normal GC content (Invitrogen) and high GC content
(70%) (Sigma), 5-(3-aminoallyl)-dUTP (Ambion), and
PrimeScript 11 reverse transcriptase (TaKaRa Bio Inc.).
The RNA template was then degraded through
incubation with 0.2 N NaOH and 0.1 M EDTA,
followed by a neutralization using 1 M HEPES (pH

7.5). For a control of microarray hybridization,

genomic DNA (gDNA) was prepared. gDNA was
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isolated from SYK-6 and fragmented by sonication to
an average size of 1,000 bp. Resultant gDNA (4 ng)
was labeled using 5-(3-aminoallyl)-dUTP and Klenow
fragment (Roche). Cy3 and Cy5 dyes were coupled to
the aminoallyl-dUTP in the cDNA and gDNA,
respectively, in the presence of 0.1M sodium
bicarbonate (pH 9.0). The unlabeled dyes were

removed using the QIAquick PCR purification system

(Qiagen).

Microarray hybridization and data analysis.

We performed duplicate competitive hybridization
experiments using equal amounts of Cy3- and Cy5-
labeled probes. Hybridizations were performed in a
GeneTac HybStation instrument (Genomic Solutions).
Hybridized arrays were immediately scanned using a
GenePix 4000B scanner (Axon Instruments), and the
spot intensities were quantified using Imagene 6.1
(BioDiscovery). To clarify the expression pattern of
Wx-SEMP plus DCA-Wx-SEMP and Wx-SEMP plus
vanillate-Wx-SEMP, in silico analysis was conducted
by the LIMMA (linear model for microarray analysis)
loess (subgrid) method using ArrayPipe 2.0. Average
normalized expression ratios (treatment/control) were
calculated for each gene and tested for significant
variation between treatments (analysis of variance

[ANOVAY]).

Reverse transcription-PCR (RT-PCR).

Total RNA was prepared from SYK-6 cells grown with
DCA according to the method described above. cDNA
was synthesized by the method described previously
(107) except for using PrimeScript Il reverse
transcriptase. PCR was performed with the resultant
cDNA 5’-

with primers
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GCACATCGTCATAGCTCCA-3’ and 5’-
GGCATCTTCCTCAACCTGT-3” and Q5 Hot Start
highfidelityDNApolymerase (New England BiolLabs
Inc.). A control PCR was performed with reverse
transcriptase-negative samples to verify the absence of
genomic DNA contamination. The resultant PCR

products were subjected to agarose gel electrophoresis.
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Microarray data accession number.

Details of the microarray design, transcriptomic
experimental design, and transcriptomic data have
been deposited in the NCBI Gene Expression
Omnibus (http://www.ncbi.nlm.nih.gov/geo/) and are
accessible through GEO series accession number

GSE71789.
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Table S1. DCA BB IFIZ#HE & 1L 2 s+ D FEHFH B =

DCA? VAP Expression
Gene Product
(P value) (P value) (DCA/VA)
SLG_38050 TonB-dependent receptor-like protein 35.4 (0.0007)  1.5(0.0258) 23.1
SLG_38040 hypothetical protein 21.9 (0.0002) 1.1 (0.2385) 194
SLG_12740 (ligM)  vanillate/3-O-methylgallate O-demethylase 18.6 (0.0005) 15.5 (0.0045) 1.2
SLG_25000 (desA)  syringate O-demethylase 12.6 (0.0008) 34.1 (0.0029) 0.4
SLG_38070 oxidoreductase 12.0 (0.0013) 1.1 (0.2630) 11.4
SLG_34630 efflux pump outer membrane protein 11.0 (0.0032)  1.3(0.0951) 8.2
SLG_12940 NAD-dependent formate dehydrogenase subunit gamma 10.2 (0.0009) 9.6 (0.0012) 11
SLG_38090 cytochrome c family protein 8.5 (0.0003) 1.4 (0.0627) 5.9
SLG_12930 NAD-dependent formate dehydrogenase subunit beta 8.5 (0.0065) 11.1(0.0124) 0.8
SLG_12910 NAD-dependent formate dehydrogenase subunit alpha 8.4 (0.0010) 5.6 (0.0007) 15
SLG_30940 cold shock protein 8.4 (0.0027) 1.3 (0.0767) 6.5
SLG_20730 acetolactate synthase small subunit 8.1(0.0007) 2.4 (0.0410) 3.4
SLG_09330 TonB-dependent receptor-like protein 6.9 (0.0016) 1.6 (0.1215) 4.2
SLG_37530 protocatechuate 4,5-dioxygenase subunit alpha 6.6 (0.0051) 13.5(0.0066) 0.5
SLG_38080 FAD-linked oxidase 6.5(0.0003) 1.0(0.4855) 6.7
SLG_10210 hypothetical protein 6.4 (0.0655) 2.4 (0.0531) 2.7
SLG_25010 hydrolase 6.3(0.0097) 4.7 (0.0011) 1.4
SLG_09360 hypothetical protein 6.1(0.0031) 1.0 (0.6698) 6.0
SLG_11720 polyribonucleotide nucleotidyltransferase 6.1 (0.0008) 1.7 (0.0342) 35
SLG_12890 formate dehydrogenase accessory protein 6.0 (0.0058) 4.8 (0.0740) 13
SLG_38030 major facilitator superfamily protein 5.6 (0.0019) 1.1(0.2185) 49
SLG_09340 hydrolase 5.6 (0.0016) 1.4 (0.0210) 4.0
SLG_34620 efflux pump inner membrane protein 5.5(0.0021) 1.0(0.7019) 5.4
SLG_03330 (desB)  gallate_dioxygenase 5.3(0.0002) 7.9 (0.0099) 0.7
SLG_25030 (ferB)  feruloyl-CoA hydratase/lyase 5.1(0.0007) 0.6 (0.4226) 8.2
SLG_12760 (ligH)  10-formyltetrahydrofolate synthetase 5.1(0.0001) 3.1(0.0248) 1.7
SLG_34600 hypothetical protein 5.0 (0.0003) 1.3(0.4270) 3.8
SLG_27990 hypothetical protein 4.9 (0.0022) 9.6 (0.0060) 0.5
SLG_20720 hypothetical protein 4.9 (0.0031) 2.2(0.0061) 2.3
SLG_19730 hypothetical protein 4.8 (0.0030) 1.5(0.0328) 3.3
SLG_21740 hypothetical protein 4.8 (0.0121) 1.6 (0.1302) 3.0
SLG_12920 molybdopterin-guanine dinucleotide biosynthesis protein A 4.8 (0.0112) 3.3 (0.0077) 1.4
SLG_26230 hypothetical protein 4.7 (0.0218) 4.2 (0.0316) 11
SLG_35530 50S ribosomal protein L5 4.7 (0.0032) 0.8 (0.5012) 5.5
SLG_20710 acetolactate synthase large subunit 4.7 (0.0003) 1.4 (0.0076) 35
SLG_12750 5,10-methylenetetrahydrofolate reductase 4.7 (0.0002) 3.4(0.0116) 1.4
SLG_23110 NADH-quinone oxidoreductase subunit H 4.6 (0.0124) 1.7 (0.0369) 2.7
SLG_28690 hypothetical protein 4.6 (0.0241) 5.4 (0.0389) 0.8
SLG_15690 hypothetical protein 4.3 (0.0610) 0.7 (0.9926) 5.8
SLG_12860 hypothetical protein 4.2 (0.0003) 4.3 (0.0019) 1.0
SLG_05470 hypothetical protein 4.2 (0.0094) 0.9(0.9118) 4.7
SLG_19900 conjugal transfer protein TraU 4.2 (0.0297) 2.4(0.0723) 1.7
SLG_30920 hypothetical protein 4.0 (0.0015) 0.8 (0.1199) 5.3
SLG_p_00200 hydrolase 4.0 (0.0034) 0.9(0.2339) 4.2
SLG_04720 hypothetical protein 4.0(0.0398) 2.1(0.0792) 1.9
SLG_31760 hypothetical protein 3.9 (0.0265) 7.1 (0.0095) 0.6
SLG_00860 hypothetical protein 3.9 (0.0005) 1.1 (0.0535) 3.6
SLG_01450 translation initiation factor IF-3 3.8(0.0130) 2.0 (0.0045) 1.9
SLG_38060 hypothetical protein 3.8(0.0050) 1.1(0.7131) 3.6
SLG_06970 ABC transporter permease 3.8(0.0508) 6.6 (0.0611) 0.6
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SLG_24880 acetate kinase 3.8(0.0491) 2.3(0.0155) 1.6
SLG_12900 NAD-dependent formate dehydrogenase subunit delta 3.7 (0.0005) 4.1 (0.0066) 0.9
SLG_22590 transcription antitermination protein 3.7(0.0164) 0.8 (0.0103) 4.4
SLG_00400 membrane-bound lytic murein transglycosylaseA 3.6 (0.0090) 3.6 (0.0305) 1.0
SLG_24980 hypothetical protein 3.6 (0.0151) 2.2 (0.0046) 1.6
SLG_37270 primosomal protein N' 3.6 (0.0733) 1.7 (0.0929) 2.1
SLG_p_00210 hypothetical protein 3.6 (0.0094) 1.1(0.6673) 3.3
SLG_23670 MarR family transcriptional regulator 3.6 (0.0117) 2.8 (0.0085) 13
SLG_29490 metalloprotease 3.6 (0.0019) 2.2 (0.0023) 1.6
SLG_09380 hypothetical protein 3.6 (0.0059) 0.5 (0.0316) 7.7
SLG_26040 conjugal transfer protein TrbC 3.5(0.0333) 1.2(0.0614) 3.1
SLG_00340 inner membrane protein 3.5(0.0062) 0.8 (0.2750) 4.5
SLG_30930 hypothetical protein 3.5(0.0021) 0.9 (0.3048) 4.1
SLG_08190 sugar transporter 3.5(0.0010) 1.8(0.0110) 19
SLG_09370 hypothetical protein 3.5(0.0184) 0.8 (0.0584) 4.3
SLG_09260 TonB-dependent receptor-like protein 3.4 (0.0065) 1.8(0.1073) 1.9
SLG_12560 hypothetical protein 3.4 (0.0069) 4.6 (0.0085) 0.7
SLG_26050 conjugal transfer protein TrbB 3.4(0.0125) 1.1(0.0515) 31
SLG_16690 AsnC family transcriptional regulator 3.4 (0.0006) 0.8 (0.0186) 4.0
SLG_09530 hypothetical protein 3.3(0.0079) 1.6 (0.0077) 2.0
SLG_p_00180 Igt prolipoprotein diacylglyceryl transferase 3.3(0.0036) 1.6 (0.0213) 2.1
SLG_17250 50S ribosomal protein L25 3.3(0.0042) 1.0(0.7026) 3.2
SLG_11350 major facilitator superfamily protein 3.3(0.2977)  1.5(0.5911) 2.2
SLG_09490 hypothetical protein 3.3(0.0184) 1.1(0.1037) 29
SLG_12520 (ligd) 4-oxalomesaconate hydratase 3.3(0.0055) 5.7 (0.0109) 0.6
SLG_16650 aromatic-ring-hydroxylating dioxygenase subunit beta 3.2(0.0032) 0.9 (0.0660) 3.7
SLG_12820 major facilitator superfamily protein 3.2(0.0039) 2.2 (0.0001) 15
SLG_16640 aromatic-ring-hydroxylating dioxygenase subunit alpha 3.2(0.0040) 0.9 (0.0210) 3.6
SLG_36650 hypothetical protein 3.2(0.1265) 1.2 (0.3950) 2.8
SLG_32600 (ligP)  beta etherase 3.1(0.0019) 1.6 (0.0046) 2.0
SLG_00090 hypothetical protein 3.1(0.0016) 1.0 (0.4303) 3.1
SLG_06840 3-oxoacyl-(acyl-carrier-protein) synthase Ill 3.1(0.0389) 1.8(0.0767) 1.7
SLG_12870 MarR family transcriptional regulator 3.1(0.0050) 3.5 (0.0055) 0.9
SLG_06940 efflux pump outer membrane protein 3.1(0.0636) 2.4(0.1234) 1.3
SLG_25990 conjugal transfer protein TrbF 3.1(0.0153) 1.5(0.2711) 2.1
SLG_08780 major facilitator superfamily protein 3.0 (0.0015) 1.0 (0.6588) 3.1
SLG_19400 hypothetical protein 3.0(0.0743) 1.5(0.1834) 2.0
SLG_10200 glycosyltransferase 3.0(0.5096) 2.3 (0.1040) 1.3
SLG_08900 phosphate transport system ATP-hinding protein 3.0 (0.0036) 2.9 (0.0673) 1.0
SLG_05170 aspartate-semialdehyde dehydrogenase-like protein 3.0 (0.0243) 1.0 (0.9460) 2.9
SLG_02940 flagellar hook-basal body protein 3.0(0.0958) 1.7 (0.0061) 18
SLG_12490 (ligC)  CHMS dehydrogenase 3.0(0.0049) 4.7 (0.0286) 0.6
SLG_13690 tryptophan synthase subunit alpha 3.0(0.4473) 1.6 (0.0634) 1.9
SLG_14710 protein translocase subunit 3.0 (0.0197) 4.0 (0.0145) 0.7
SLG_03820 hypothetical protein 3.0 (0.0008) 12.2 (0.0105 0.2
SLG_24950 (mdIC)  benzoylformate decarboxylase 3.0(0.0618) 2.7 (0.0544) 1.1
SLG_36180 hypothetical protein 2.9(0.0116) 0.7 (0.1530) 4.0
SLG_15730 nicotinamide nucleotide transhydrogenase subunit alpha 1 2.9 (0.0016) 2.0(0.0781) 15
SLG_12850 hypothetical protein 2.9 (0.0136) 3.1 (0.0003) 0.9
SLG_13240 hypothetical protein 2.9(0.0112)  0.9(0.3129) 3.1
SLG_38390 cytochrome c oxidase cbb3-type subunit |1 2.9 (0.0040) 13.2 (0.0052) 0.2
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SLG_12570 (ligl) 2-pyrone-4,6-dicarboxylic acid hydrolase 2.9 (0.0121) 2.4(0.1330) 1.2
SLG_05250 50S ribosomal protein L36 2.9(0.0265) 1.1(0.2594) 2.7
SLG_38100 hypothetical protein 2.8 (0.0080) 1.0 (0.4350) 2.9
SLG_p_00700 copper resistance protein 2.8(0.1025) 5.6 (0.0026) 0.5
SLG_04900 hypothetical protein 2.8 (0.1540) 1.0 (0.4459) 2.8
SLG_25020 (ferA)  feruloyl-CoA synthetase 2.8 (0.0029) 1.2 (0.0308) 2.3
SLG_28340 oxidoreductase 2.8(0.0738) 1.6 (0.3486) 1.8
SLG_30770 phosphopantetheine adenylyltransferase 2.8(0.0004) 1.1(0.0541) 24
SLG_04400 hypothetical protein 2.8(0.0029) 2.5(0.0361) 11
SLG_30370 conjugal transfer protein TrbC 2.7 (0.0503) 2.4 (0.0406) 1.2
SLG_25040 MarR family transcriptional regulator 2.7 (0.0241) 0.8 (0.3200) 3.2
SLG_23100 NADH-quinone oxidoreductase subunit | 2.7 (0.0024) 1.9 (0.1076) 14
SLG_24860 poly-beta-hydroxybutyrate polymerase 2.7 (0.0020) 2.0 (0.0152) 14
SLG_23130 hypothetical protein 2.7 (0.0001) 2.2 (0.0024) 1.2
SLG_27040 hypothetical protein 2.7(0.0389) 0.7 (0.0617) 3.9
SLG_30230 hypothetical protein 2.7(0.0247)  1.3(0.4043) 21
SLG_35680 elongation factor G 2.7(0.0029) 1.5(0.0113) 1.9
SLG_29410 ferric uptake regulation protein 2.7 (0.0005) 0.9 (0.0029) 31
SLG_15530 (3R)-hydroxymyristoyl-(acyl-carrier-protein) dehydratase 2.6 (0.0023) 1.6 (0.0214) 1.6
SLG_09520 MarR family transcriptional regulator 2.6 (0.0213) 1.7 (0.0557) 1.6
SLG_38370 cytochrome c oxidase chb3-type subunit I11 2.6 (0.1042) 26.6 (0.0113) 0.1
SLG_29710 glycosyltransferase 2.6 (0.0300) 2.6 (0.0244) 1.0
SLG_35570 50S ribosomal protein L29 2.6 (0.0141) 2.2(0.0027) 1.2
SLG_08880 phosphate regulon transcriptional regulatory protein 2.6 (0.0002) 1.9 (0.0064) 1.4
SLG_37760 hypothetical protein 2.6 (0.0016) 1.5(0.0100) 1.8
SLG_31380 hypothetical protein 2.6 (0.0001) 0.9 (0.4576) 29
SLG_36670 inorganic pyrophosphatase 2.6 (0.0007) 1.0 (0.9374) 2.6
SLG_p_01350 hypothetical protein 2.6 (0.0293) 1.9 (0.0033) 14
SLG_30170 chromate transport protein 2.6 (0.0607) 1.7 (0.0186) 15
SLG_24480 hypothetical protein 2.6 (0.0855) 4.0 (0.0271) 0.6
SLG_21960 hypothetical protein 2.6 (0.0219) 1.9 (0.2129) 14
SLG_07010 catalase 2.6 (0.0723) 0.7 (0.9925) 35
SLG_12500 (ligB) protocatechuate 4,5-dioxygenase subunit beta 2.6 (0.0044)  5.0(0.0231) 0.5
SLG_p_01300 ParA-like protein 2.6 (0.0248) 2.2 (0.0531) 1.1
SLG_05320 hypothetical protein 2.6 (0.0053) 0.8 (0.1377) 3.3
SLG_01440 hypothetical protein 2.6 (0.0120) 0.9 (0.2955) 3.0
SLG_07080 delta-1-pyrroline-5-carboxylate dehydrogenase 2.6 (0.0156) 1.1 (0.8727) 24
SLG_04910 acetyltransferase 2.6 (0.0028) 2.1 (0.0365) 1.2
SLG_35940 hydrolase 2.5(0.0490) 3.1(0.0789) 0.8
SLG_35610 30S ribosomal protein S19 2.5(0.0149) 1.2(0.0893) 2.0
SLG_29300 glutamate synthase (NADPH) large chain 2.5(0.0027) 3.1 (0.0057) 0.8
SLG_21320 30S ribosomal protein S18 2.5(0.0815) 3.5(0.1372) 0.7
SLG_15210 hypothetical protein 2.5(0.0034) 1.6 (0.3128) 1.6
SLG_12530 phosphogluconate dehydrogenase 2.5(0.0232) 6.2 (0.0078) 0.4
SLG_12770 hypothetical protein 2.5(0.0191) 2.9(0.0642) 0.9
SLG_02490 biopolymer transport protein TolR/ExbD 2.5(0.0057) 1.9 (0.0547) 13
SLG_23680 multidrug resistance protein A 2.5(0.0175) 2.0 (0.0524) 1.2
SLG_07490 efflux pump periplasmic linker protein 2.5(0.0223) 0.7 (0.2745) 3.4
SLG_12100 hypothetical protein 2.5(0.0313) 2.3 (0.0305) 11
SLG_17980 nitrogen regulation protein 2.4(0.0088) 1.5(0.0024) 1.7
SLG_01690 hypothetical protein 2.4(0.0081) 1.2(0.1240) 2.0
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SLG_19580 peptidase S8 family protein 2.4 (0.0186) 1.2 (0.0452) 2.0
SLG_20510 glycosyltransferase 2.4 (0.0064) 1.1(0.7325) 2.2
SLG_20740 ketol-acid reductoisomerase 2.4 (0.0198) 1.8(0.0158) 13
SLG_09770 hypothetical protein 2.4 (0.0081) 1.3(0.0010) 18
SLG_29390 ribosomal-protein-alanine acetyltransferase 2.4 (0.0113)  1.3(0.0426) 1.8
SLG_33550 hypothetical protein 2.4 (0.0062) 1.8 (0.0447) 14
SLG_13030 hypothetical protein 2.4 (0.0173) 1.8 (0.0303) 14
SLG_p_01290 ParB-like protein 2.4(0.0224)  1.3(0.2911) 1.8
SLG_34610 efflux pump periplasmic linker protein 2.4 (0.0105) 0.7 (0.0802) 34
SLG_16560 30S ribosomal protein S1 2.4(0.0164) 1.8 (0.0068) 1.3
SLG_23040 biotin protein ligase 2.4 (0.0030) 1.8(0.0014) 13
SLG_31010 hypothetical protein 2.3(0.0584) 1.2 (0.6516) 1.9
SLG_37260 transaldolase 2.3(0.0202) 2.2 (0.0340) 1.1
SLG_31900 hypothetical protein 2.3(0.0081) 0.5(0.1105) 4.7
SLG_19920 mating pair stabilization protein 2.3(0.1771) 1.2 (0.0908) 2.0
SLG_28090 glutathione S-transferase 2.3(0.0108) 1.4 (0.1600) 1.6
SLG_15460 ribosome-recycling factor 2.3(0.0087) 1.7 (0.0609) 1.3
SLG_05310 methionine aminopeptidase 2.3(0.0401) 0.9(0.8108) 25
SLG_09480 choline dehydrogenase 2.3(0.0809) 1.2(0.0158) 2.0
SLG_23120 NADH-quinone oxidoreductase subunit G 2.3(0.0274) 2.7 (0.0160) 0.9
SLG_14020 Na(+)/H(+) antiporter subunit E 2.3(0.0244) 1.4(0.0344) 1.7
SLG_12510 (ligA) protocatechuate 4,5-dioxygenase subunit alpha 2.3(0.0046) 4.2 (0.0093) 0.5
SLG_10220 glycosyltransferase 2.3(0.0550) 1.4 (0.0115) 1.7
SLG_01990 outer membrane lipoprotein carrier protein 2.3(0.1066) 1.6 (0.0925) 1.4
SLG_35490 50S ribosomal protein L18 2.3(0.0164) 2.3(0.0043) 1.0
SLG_35110 hypothetical protein 2.3(0.0757) 1.4(0.0731) 1.6
SLG_13700 hypothetical protein 2.2(0.0150) 1.1(0.2388) 21
SLG_09850 hypothetical protein 2.2(0.0915) 2.2 (0.0035) 1.0
SLG_01680 bifunctional purine biosynthesis protein 2.2(0.3404) 2.1(0.1201) 11
SLG_03650 epoxide hydrolase 2.2(0.0694) 1.8(0.0176) 1.2
SLG_28910 hypothetical protein 2.2(0.0003) 1.2(0.0101) 1.9
SLG_05070 hypothetical protein 2.2(0.0069) 1.9(0.1621) 1.2
SLG_01590 hypothetical protein 2.2(0.0805) 1.7 (0.7009) 1.3
SLG_08230 hypothetical protein 2.2(0.0212) 0.9 (0.6918) 24
SLG_33740 GTP-binding protein 2.2(0.0031) 0.8(0.0433) 2.7
SLG_05910 UDP-N-acetylmuramoylalanine-D-glutamate_ligase 2.2 (0.0038) 2.8 (0.0292) 0.8
SLG_08940 phosphate regulon sensor protein 2.2(0.0181) 2.0 (0.0490) 11
SLG_05140 helicase 2.2(0.0285) 1.0(0.7026) 2.2
SLG_12410 hypothetical protein 2.2(0.0209) 1.1(0.3475) 2.0
SLG_09500 choline dehydrogenase 2.2(0.0128) 0.7 (0.0062) 3.3
SLG_18960 pyruvate dehydrogenase E1 component subunit alpha 2.2(0.0189) 2.1 (0.0024) 11
SLG_00360 glutathione S-transferase 2.2(0.1529) 1.8(0.1141) 1.2
SLG_19100 hypothetical protein 2.2 (0.0165) 1.3 (0.0204) 1.7
SLG_09960 hypothetical protein 2.2(0.0455)  2.0(0.0517) 1.1
SLG_31460 3-oxoadipate CoA-transferase subunit alpha 2.2 (0.0093) 0.7 (0.0083) 3.2
SLG_15470 undecaprenyl pyrophosphate synthase 2.2 (0.0037)  1.5(0.0087) 1.4
SLG_35100 hypothetical protein 2.2 (0.0106) 1.5 (0.0555) 15
SLG_05630 alkyl hydroperoxide reductase subunit C 2.2(0.0151) 1.1(0.1904) 1.9
SLG_12810 (ligW2) 5-carboxyvanillate decarboxylase 2.2(0.0129) 1.2(0.1218) 1.8
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