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WE: MREEPSOBARBUITSRATDEDNE NIRRT, EEARTREBELSHFEREY
R . RREEERAX PASOENINEEXEE, THNUIETREZ @BIMENS B HNELLESHAE
HIE RS . RRHES P450 ERAVEE M RIERL P450 BETNREE AW SRR X HER R, tBAEIE S9N
2 P450 BEAVMEMLTNRERNMEIR . RNEIE/RAHES P450 BBRVES SEIFIISZNG P450 BEERIEILTNRE . EMIERFI
WD HREESFINRRRZER . KHFRINLRHEEH RWFRED 71 P450 B8 MycG HIRIR, BUWERE
RSSO BEBAES, RAMRTEERERHES P450EERISEFEEEREINIT P450 BB INEERIFIN . &
RhFRED FE NS TNBEIRAR AT MBI EF FMN A Fe,S,, 5P450E8 MycG =& 2 [@RIBIAREE TIRIGES S
FEEER, BEMIMURIMRATEESH T MycC WRMZEFTKE M-IV EHINEELAR B FEEBIER
T . TEEAY20 PIERAES PAS0RERY “IFRA” EHEST, 16 MEGREEMINERE MycG RIELINEE,
Hr 12 MESH MycG BEREN T E3MEMDZEFTKEM-1 . MIFAIMV LR 1R REFY) dMe-M-IV ; 4
HASNFERWTIM-I MMMV R4 NMEGRQNEEA RN . BIRIBAEL, KRR T
RS 5 PASOBBIIRL A 3 MARIEMN R R (B W, =) LIRBRESTIWNAD RAHAENERALRFER
XF MycG A INREFNIERAISZNG , ERFBARERHEERFANAES/EAR SR BIER-EAHEEFRAESE
S0 PASO AUMEILTNRE . HEASERMIEILIERR
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products, are considered as the most versatile biocatalysts in the nature. Redox partners responsible for electron transfer
are indispensable for most P450 catalytic reactions. During the long evolution process, various P450-redox partner
systems have been constituted by protein fusion and recombination. The protein-protein interaction and recognition
between P450 and redox partner(s) are not only the key factor for functional reconstitution of P450s, but also can affect
and change the catalytic functions and properties of P450 enzymes. To address the issue that how the choice and
recombination of different redox partners affect the catalytic behaviors (reaction type, catalytic efficiency, product
distribution, and electron transport) of the P450 enzyme, a number of fusion and separation P450 systems were
constructed based on the two-domain redox partner protein RhFRED and P450 MycG. Specifically, the two domains of
RhFRED were separated and expressed as stand-alone FMN and Fe,S, proteins. The positions of these two domains
and MycG were shuffled and engineered. /n vitro biochemical reactions were carried out to explore the effect of
different redox partner combinations on the MycG-catalyzed bioconversion of mycinamicin-IV (M-1V) and the electron
transfer efficiency as well. As results, among the 20 tested catalytic systems, the functions of the multifunctional P450
enzyme MycG were successfully reconstituted through 12 combinations, in which three oxidative products including
M-I , M-Il and M-V, and one demethylation product dMe-M-1IV were produced. Besides, 4 combinations only led to
the production of three oxidative products. In addition, no products were detected in the other 4 combinations. By
simulating natural evolutionary strategy, the effects of three different catalytic systems of redox partner(s) and P450
enzymes, together with different protein organization forms on the functional modulating of MycG, were studied
systematically. These results indicate that the P450 catalytic properties are affected and modulated by not only the

identity, but also the position and organization of redox partner (s), probably via alternative protein-protein

interactions.
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Y1 iU 4 2% P450 Bl BE 8 (i1 B 36« o A B ik
PEAAL” TEN 20 R B LRI E AR 5
R, HAEM DR 2 RN G HES YRI5
AR SR G G Y S ME R &
B3 A B A A O e e A 4, LA A 1) B S L AT v B2
SR A= VYIRS 7T =3 S o = R R i R
i FIE R E A (RIS R, redox
partner) {E 4K 22 20 P450 B AL ) B2 A AN AT Bl
1506 K H 5 K F NAD(PYH [ 2 4™ HL AR IR 3
FPERIMA Z (heme) J B H O AR E 7>+ s
P450 fifg AL J5 AR AE K kA # v, Jd e B

AhESaEr T, i 2 MAFE KRS .
HR A PA50 il 15 S5 AF AR 4 B 1) H A% 8 B 1R AN [
AN 3R E R, 1SRN RS, P4SO
fg. BEIEEE (ferredoxin, Fdx) AL HEH
LR (ferredoxin reductase, FAR) LA 85 H
M X4, Ho L EE — & NAD(P)H—
FAD—FeS—heme, # UL T4 & LRi Ak P450 (1L
ARG, WS SRR MR (Pseudomonas putida)
KIEA PAR/Pdx 'y 4+ (Bovine) K& 1 AdR/Adx
3§ 3% (Spinach oleracea) Ry ) FAR/Fdx ™ %5 .
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P4 35 Al R4 B €8 2% P450 I8 R (cytochrome
P450 reductase, CPR)™, # WL T HZ4IME, 5
P450 FE A W 7 R 58 5i4h, ARFAMAETE
P450 il 52810 11 FMN B 205 7% FeS B & 7B R
HIXH > R4, Uk B Methylococcus capsulatus 1)
CYP51FX (N-P450-Fe,S,-C) ™ A1k H Rhodococcus
rhodochrous 11Y [f] XplA (N-FMN-P450-C) "%,
HIRNARAN ARG, HiICFEEE P450 & H
AR — e BEA, REERBINEET
NAD(PH [ 415 T 528l P450 AL ThAE, R H
FRA “MEfb B E8 7 P450RE (B 1. HATRIL
RERm & B H Iy RS, — MK N i P450 fig Al
C i JRAEAR B A S A 2R 3, e BoR 2R
& (Bacillus subtilis) 9 3L P450 BM3, B[
N-BM3-CPR-C (CYP102A 1) "™ F1 3k B F 41 Bk
(Rhodococcus sp. NCIMB 9784) (1] P450 RhF, HJ
N-P450-RhFRED-C(CYP116A1) >4,

FLZH 53 PASO AL R G0 R H AR Ak B 4R AR
R R RE M BN, RIS MY HAE
TWNE R (Streptomyces venezuelae) KR K]
P450 i PikC 5 & A7 21 A2 B 1R ik 2k K AR & 2 ik
(L21) 1 RhFRED # H#FATRl & RIL K T “fi
fb B 35”7 PikC-RhFRED, 7E H#s I NADPH [f) 4%
RN, EARAN Gnovitro) BRINSEEL T XHE 12 78
KA BE YC-17 2 14 70 K ¥F N I narbomycin [ $2
M. Misawa 55 " R “fifh B =807 [ pE
SN —— “2F k&7 5 (Molecular Lego) ,
SEHL T B34 JE 15 RhFRED 5 A [7] P450 g fil 4 5|
—IEK “AERR” Rl H H P450-RhFRED, 8
R UETE FE. coli (AR Gin vivo) N & Th B 2
T 2R PASO B I HEAL TR s H R Z R G Kk
D% 5€ 1 CYPIS3A KL ThRE, A% PR P450

i) =45 25 P450
i) W5y R P450
iii) 419 R4t P450

| FMN

Wi ) Thae 25 2 Rt 7 A BRI K RSt . van
den Berg %5 " il i K ok H Amycolatopsis orientalis
(¥1 CYP105AS1 32 A7 % 5% 1 It Ak A1 e 1) 2 1k BS0d
J5, 5 RhFRED fili & 3£ 1% P450,, -RhFRED, LLi%
il FE AR B T 25 AR AT B — B R A A
AT,

DAk B T M A 4 E R K AL/ B TE
(Micromonospora griseorubida) 2% i K & (mycinamicin)
AW A R AR Y 2 ThRE P450 B MycG DN ik FT XS
%, FE T MycG-RhFRED H 4 704k 258, 1EAL
#& fff NADPH {9 2% £ & £ 3L T MycG X & ¥
mycinamicin IV (M-IV) ) 38 7 #0446, 7= 2
mycinamicin [ (M-I) Flmycinamicin V. (M-V), J5
R MycG 4k 2230 S A0 15 2 244 mycinamicin
I M-ID, fEM-T AR MycGiRAl, 25—
P (B2, DY M MyeG 5if JE 415 RhFRED Ak
TRy RGERSRS, [FRE AT DL AMEAL A M-
V=4 3R &A=, (HEI P24 T “4ERIR” i
W dMe-M-IV (B2, iD "0 1% R I 7RI R A
TATE PASO BEHEAL L R rh, AN RAE N oL AR 36 1)
Bk, A% I )Y 2 G P450 B 1) 1L
Dhee s

i J5 £1:45 RhWFRED 55 P4SO B E Rl & (FLZH 53
Ao 8 S A% T I RE08 52 I P450 Fig 1) )
R, WK P450 Ml 530 IR A5 2 IA) 1 i i B A
—EM S, it B R R AT PASO g 5 ik
JREE R E A sE (B2 H ) HAE
Rilt-E 2 R AR N A7 R PA50 R AL 1 BT IR §E M 2
7 RUF RIS kL. RhFRED (14§ N B 7% 18
A Gi7& tH FMN Al Fe,S, P> S5 44 D BE AL Ry, Py
B AEE S A 9N IR IR ERE AL (L) mh
4 T N-FMN-Fe,S,-C ", AW 50K FMN il Fe,S,

C

FMN FAD

B TR 7 2600 PASO AL R 5t

Fig.1 Classification of P450 systems based on redox partners
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M LY PR AP A ML, 5 MycGHEfTRES SRS (K3, AD. 52, HUBRHS R
MoyE, LHEFuMAs TR, B, WAL 4, A KRR EEIK (L21 5 L9 MycG.
FIEWFMN Al Fe,S,ZEH, S5MycGHABHM =4  FMN HlFe,S, =& AW AH XL B HEATH A5,

i

i [MyeG o FMN -FES]

HO~N=Q O
MeO OMe

dMe-M-IV
B2 ZI)HEPASONE MycG AL I 228K 2 IV I S AN Bt R 2 e 3
Fig.2 Oxidative and demethylative reactions of M-IV catalyzed by MycG
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(0978 Fl1 1499 43 HI4% 2% 3k F 40K T B3R % Synechococcus elongates PCC 7942 Bk EE & (B 18 JE i SelFdR0978 Ml 3L & 1 SelFdx1499;
M linker: L21, HQVAMLRDGDSFGGG PRHGAG; K fflinker: L9, GERREIRVD)
Fig. 3 Constructed P450 systems based on the recombination and reorganization of MycG and different redox partners
(0978 and 1499 represent the ferredoxin reductase Se/FdR0978 and ferredoxin Se/Fdx1499 from Synechococcus elongates PCC 7942, respectively;
Black linker: L21, HQVAMLRDGDSFGGGPRHGAG; Gray linker: L9, GERREIRVD)
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I UL E TR P4SO RS [F E A H A
X (B3, BI~B6); 5=, HHLMHD LR
45, ¥ FMN Hl Fe,S, @ & 17 B B #t 7 4= N-Fe,S,-
FMN-C (3, Cl1. C2); H4h, B 5
fil A 7E MyceG ) C 3 8k N 3, 3K 73 N-MycG-FMN/
Fe,S,-C Al N-FMN/Fe,S,-MycG-C (3, C3~CI10).
B MycG X R M-IV (1) J&E 4 1 4k 2 F0 7= ) 43 A
N, SEHRTHEBRNEERRMANRAEGT
N 38 J5 A A5 X MycG f# 16 % 45 Th 66 F 0 5 1)

AR

1 SRS TR

1.1 sciawi

1.1 EAcfe ik

AW T T T 5> e FE RITE R E. coli DHSa
Wk AT EARIENTE E R E. coli BL21 (DE3)
W RIS AR AEMEAR FR) BROARAA,
SEAZ R S A % A R A R AT BT B
RN R L2 1, AR 5T AT F O 5 % R T A
W2,

R AHE TR B RR AN TURE
Tab. 1 Strains and plasmids used in this study

iR g B
E. coli DH50, FH ¥ AR HF 5 5 20 0 R 5 BEREY A
E. coli BL21(DE3) AT AU A E A RIE R AT
BL21/pACYC-MycG ¥ 2RI R pACYC-MycG ARG =
BL21/pET28b-RhFRED JHF 235 Uk pET28b-RhFRED ARSI =
BL21/pET28b-MycG-RhFRED FH 3838 JfUR pET28b-MycG-RhFRED ARSI =
BL21/pET28b-SelFdR0978 FH T 33K iU ki pET28b-SelFdR0978 ENS !
BL21/pET28b-SelFdx1499 F 334 JFUR pET28b-SelFdx 1499 PN
DH50/BL21/pET28b-FMN F T 5 /305 KL pET28b-FMN AHFFE
DHS5a/BL21/pET28b-Fe,S, FF e B /3235 JiUki pET28b-Fe, S, ES T
DH50/BL21/pET28b-Fe,S,-FMN F T 58 B /34215 0 KL pET28b-Fe, S -FMN AW
DH50/BL21/pET28b-MycG-FMN FHF v /320K JBURE pET28b-MycG-FMN E NG
DH5a/BL21/pET28b-MycG-Fe,S, P SR /R 1B FURL pET28b-MycG-Fe, S, ESTIF
DH50/BL21/pET28b-FMN-MycG FH v /31K JBURE pET28b-FMN-MycG E NG
DH5a/BL21/pET28b-Fe,S,-MycG FF 5E B/ 15 FURL pET28b-Fe,S,-MycG AHF I
DH50/BL21/pET28b-MycG-Fe,S,-FMN T 5 B /3215 i KL pET28b-MycG-Fe,S,-FMN ES T
DH5a/BL21/pET28b-Fe,S,-FMN-MycG JHF 52 B /2215 7KL pET28b-Fe,S,-FMN-MycG ES T
DH50/BL21/pET28b-FMN-Fe,S,-MycG T 5 B /2215 [0 R pET28b-FMN-Fe,S,-MycG ENT
DH5a/BL21/pET28b-Fe,S,-MycG-FMN JHF 52 B /2215 7KL pET28b-Fe,S,-MycG-FMN ESTIF
DH5a/BL21/pET28b-FMN-MycG-Fe,S, JHF 50 /3235 5 KL pET28b-FMN-MycG-Fe,S, AT

R2 ATAFHN Y Z RS RIT 5
Tab. 2 Oligos used in this study

EIEZE

AR 51(5'~3)

arm-FP
arm-RP
Fe,S,-FP
Fe,S,-RP
FMN-FP
FMN-RP
MycG-FMN-FP
MycG-FMN-RP
Fe,S,-arm-FP
Fe,S,-arm-RP
FMN-arm-FP

catatggctgeegegeg
tagctcgagcaccaccacc
gagcacgccttegacctega
tcagagtcgcagggccagece
gtcaccgtegagegectgga
cgaggtgaagtgctcgacgt
ggcagccatatgactte
cgaggtgaagtgctcgacgt
cgegeggeagecatatggageacgecttcgaccte
ggtggtggtgctcgagtcagagtcgecagggecag
cgegeggeagecatatggtecaccgtcgagegectg

FMN-arm-RP
MycG-FMN-arm-FP
MycG-FMN-arm-RP

ggtggtggtgctcgagetacgaggtgaagtgctcgacg
cgegeggeagecatatgacttcagetgaacctaggge
ggtggtggtgctcgagetacgaggtgaagtgctcgacg
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&R

EIRZEAR

HHR T35 (5'~3")

MycG-Fe,S,-WL-FP
MycG-Fe,S,-WL-RP
MycG-L9-FP
MycG-L9-RP
Fe,S,-L9-FP
Fe2S2-L9-RP
FMN-WL-FP
FMN-WL-RP
MycG-FP
MycG-FP2
MycG-RP
MycG-Fe,S,-FMN-WL-FP
MycG-Fe,S -FMN-WL-RP
Fe,S,-FMN-G-WL-FP
Fe,S,-FMN-G-WL-RP
FMN-L9-FP
FMN-L9-RP
FMN-L21-FP
FMN-L21-RP
Fe,S,-L21-FP
Fe,S,-L21-RP
FMN-Fe,S -G-WL-FP
FMN-Fe,S,-G-WL-RP
FMN-G-Fe,S,-WL-FP
FMN-G-Fe,S,-WL-RP
Fe,S,-G-FMN-WL-FP
Fe,S,-G-FMN-WL-RP
FMN-MycG-WL-FP
FMN-MycG-WL-RP
Fe2S2-MycG-WL-FP
Fe2S2-MycG-WL-RP

ttcagctgaagtcatcatatggetgecgeg
geggtgtcecgeaccgageacgecttcgacetcgaa
atgacttcagctgaacctaggge
ggtgegggacaccg

gegetecgacggtgacgacgteccggategagegecgegagggagagtegeagg

acgtcgagcacttcacctcgtgactcgageaccaccacca
catatggctgccgegeggeacce
gtcaccgtegagegectggace
acttcagctgaacctagggce

accatcggagaacccgecgeccgggeggtgtecegeaccacttcagetgaacctaggg

ccacacgaccggeagetcga

aggttcagctgaagtcatatggetgecgegegg
geggtgtcecgeaccgageacgcecttcgace

gggttetcegatggtgaccggttgatggeggtgcageaccgaggtgaagtgetegacg

ctgeeggtegtgtggtgactcgagceaccaccac
gtcaccgtegagegectgga
gacgtccggatcgagegecg
gtcaccgtegagegectgga
taggttcagctgaagtggtac
gagcacgccttegacctega
taggttcagctgaagtggtg
ctcgatccggacgtegageacgecttcgac
gegetecgacggtgaccatatggetgecgegeg
gegetegacggtgaccatatggetgeegege
acttcagctgaacctagggce
aggtcgaaggegtgctccatatggetgecgeg
acttcagctgaacctagggce
ctgecggtegtgtggtagetcgageaccaccac

gggttctccgatggtgaccggttgatggeggtgecageaccgaggtgaagtgetcgacg

ctgeeggtegtgtggtagetcgageaccaccac
tgatggcggtgcageacgagtcgecagggecagee

112 35k A ik Al

AW FE BT B LB BIR A1 LB PR ) 55 77 2 K
TH BEHENBEARARAT; TBR 7R FRE R
WA TEDHEAR 2 A DNA XK &8
PrimerSTAR Max DNA Polymerase PrimerSTAR
Max DNA Polymerase 1 DNA Marker 4 H % H &
W ERA MR A A (Takara H A ) 5 2xTsingKe
Master Mix Il H B R VAR AR A 7] ; DNA 28
k7 & (Gel Extraction Kit D2500) 1 H Omega
(RED; H T [FJEE H K Exnase 1 EEBE I H
U E R AR V)R BB AR A BR W5 R A BUIR B
JlE Ni-NTA Sefinose Resin (G915DA0001) % T
EHEAETAM TREAR AR 4S Red Plus #% 12 4
TR T BBIEYI R ECAH IR~ EIEE (50/
30/10 kDa) 4 H 3£ [® Millipore /A @] ; S0XTAE 45
10xTBE HLIK Z bW B AL s RRE R A | B
A AL ER R T [ 245 46 B4k 7 R IR A m AR

KEHRAT
1.2 BREZEMRERRAGE

AT G O R AN RO 7 BCR PR T
EHEATPCRY G : B 26 L&A H 12 X DNA 1)
MycG-RhFRED Jit KiAF 95k, FHAH R 1) 51 i 47
PCR ¥ 3415 3 H ) gm A5 2L K], ¥ 1% DNA J Bt H
Omega Bio-tek DNA 2 fb, i 71 & 3t 17 24k )5 /E A
PCR 5t , FFH A BB 1 5] 4 B AT PCR
Po3l, F T R U E2E O A [RDR R R B ) 2k
AT P i 2R AT R R 4lifk. . R PCR 343 &6 [
V5 I JSURL 26 PE B, K ) DNA 7 B H v M %
() Exnase Il BgdEAT [RIVR B AR5, FIHEEE
WE E. coli DH50 /&2 45 I A1 25 4 50 mg/L R
HERMLB BRI, T37 CHERFIR.
P i AR K 1 B8 B 9 DA T7-P/T R 51 W4T 1 V&



%£3% www.synbioj.com 593

PCR 35 1IE, SRA5F L6 Fr B BORE B SR A P BoR
A PR 2> 7] BEAT DN Fr BRI

1.3 EAFARNFRXFEN

13.1 FTHEEGWERA

A4 D 562 AIE T 5 JOTRE 43 Sl 7 A0 3 K 1 T 1A U
ZAYMME. coli BL21 (DE3) #E47fA %5,
B0 IS IR AT RS 50 mg/L RABE R LB
PR, 37 CHEFR 16~18 he HEHLBA 70 T 50 mL
%50 mg/L & R M LB WA 7556, 37 C.
220 /min IR FEF LK L 1% EMEEMES
500mLTB (%50 mg/L RABEHER) Krr&n2L =
A, 37 °C. 160 r/min £ 9% & 4,=0.6~1. 1%
HH H N P450 [l , 75 7R85 77 2 R i 500 pmol/L
5-Z4HE £, Tk TR R 25 182 £k (5-aminolevulinic acid, 5-ALA)
A1 mmol/L VB,, i JG I N 100 pmol/L [
SFERFEMACE AR (isopropyl-4-D-thiogalactoside ,
IPTG). HF2MF 16 °C. 100 r/min 1% 3% 20~24 hi%
SFHREAMRIE. KEFET 4 C. 6000 r/min &0
10 min, ¥ BRI J5 B T-80 ‘CUKAR IR H -
132 FTaxaagsiil

Ve EAE AR -80 CUKFRELH, BT
VK R . NN 30~40 mL Lysis buffer (50 mmol/L
g — &%, 300 mmol/L & ALN, 10% H i 10 mmol/L
WK, pH 8.0), WnEIRY HEW A, BIAETIK
TKIR AW B 1, R TY92-TIDN 8 75 5 A AX
(THEHZAEDRIB AT, W2 AR 40 i 2 )
NIERCRES (TAESs, 15105 s, ThE25%, TAERS
[ 30 min) . i J5 183 10 000 t/min, 4 °C &0
60 min, $ FiEHE B0+, I 1~2 mL Ni-
NTA W I§ T 4 ‘CH & 60 min. # A\ Ni-NTA # /7,
F Wash buffer (50 mmol/L B2 — 544, 300 mmol/L
FALEY, 10% H I, 20 mmol/L BkME, pH 8.0) &
¥ 250 mL. F 4 mL Elution buffer (50 mmol/L
B A B, 300 mmol/L & 1k 44, 10% H i,
250 mmol/L WK, pH 8.0) X H i) & H st 47 v i ik
£, SRR A3 1 Millipore B U8 B O K A6 &2
231 mL; H PD-10 i #£ 4% (GE Healthcare) Jii £k
WERHWED, BAESE, @WEARGEET
-80 ‘CIRAF#H o

1.4 BERERNE

1.4.1 P450 & & &AM &

P450 &5 B B 5E R CO 2 Ot 3 3k 47 I
£ U BL100 pL 4l 4k P450 5 [ # £ 1.5 mL B0
&, A 900 uL Desalting buffer; [ 25 (A #E il
A COSAMRL) 1 min, BIEFE NI, FH
PR ACK A 350~500 nm OGS (A1) IIAGE & Ok
SFr (Na,S,0) JaRiiRE), FHEEARACH R
350~500 nm WG (A2) . THEASFROEE T £
B, CAWROGEE AR AR . ZE(E AR . 7E 450 nm
Qb A W WU R PASO B T, AT LA SE N E M P450
iy, HEKRERITEARXA:
c(umol/L)=(A,—A,5,)/91 000 Fi B A5 £ x10° (1D
1.42  SelFdRO978 i Bl &

# SelFdR0O978 M\ -80 ‘CUKAHEL i, B T ok L
filft ;LA Desalting buffer it 2= ([ X HE, ¥ & &
Desalting buffer #if 20 {5 )5, FHBEEFR OO & 456 nm
MEVRGRE o B R P B O

c(umol/L)=A,,/10 400xF B {5 4 x10° (2)
143 A Fe,S, 2 #3804 38 RAEAS B & M 2

¥ Fe,S, 45 1 UK 38 J7 AR 85 3 A -80 °C
UKFEELHY, B TUK LRlft; DL Desalting buffer /E %
X B8, ¥ 25 (1 H Desalting buffer # B 20 5 )5
FHBG AR A 5 420 nm ARG . AR E TR A
0,

c(umol/L)=A4,,/9700xFi B 54 <100 (3)
1.4.4 48 FMN 45 #y3% 69 18 R A48 & & iR ) 2

W5 FMN 25380 1038 JE A AR B 11 =80 “C Uk
FHECH, BT UK Lfifk; DL Desalting buffer £ %%
XHHE, F 2R (A A Desalting buffer #8205 5, AR
B A & 445 nm AR O E . EEIKREE A
ﬁﬁ[zo-m:

cCumol/L)=A,,/12 S00x B 5< 100 (4)

1.5 EAEAWRINRMN

1.5.1 AR AR F A et

SR &R H A 3 pmol/L MycG, 10 pmol/L
Fdx (Fe,S,), 5 umol/L FdAR (FMN), 0.1 mmol/L
JE ¥ M-IV, 2.5 mmol/L NADPH, % N £ i W
(50 mmol/L R —E4H, 10% Hl, pH7.4) %78
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Z 100 uL; M2k N 28 °C, KB 2 he INEEAF
PR 00 Jie i 7 DA 28 1B e
1.5.2 HPLC #m &4

AR R HBEZA LM G, 14 000 r/min &
> 10 min J5 B B3, R HPLC 6 BE 5 HEAT 20 47
Bk FE: YMC-Triart C,,, 4.6 mmx250 mm, 5 pm.
WEhA: A, K+0.1 %= 28; BM, L+
0.1% = % & 1R - HPLC ¥ Wt /7 : 0~12 min,
40% B; 12~13 min, 40%~100% B; 13~16 min,
100% B; 16~17 min, 100~40 % B; 17~20 min,
40% B; ¥iti# 1 mL/min.

1.6 MERFEBHRE

1.6.1 5 gk FALAT 6938 R ik &

SNAR R A 0.7 mmol/L 2R FALAT . 500 pmol/L
NADPH. 0.01 umol/L FAR/FMN/fl & & H, MMA KR
RLZZ AN TR 2 1 mLs B bR AOIE R 5 7E 420 nm
SR FEIARA, TH R EAL R I R A [e,,=
1000 L/(mol-cm) | %7,

1.6.2 M E & & C it ik &

& RR R 50 umol/L 41 i 1 & C,
500 pmol/L NADPH, 0.1 pmol/L FdR (FMN)/Fdx
(Fe,SOMA I, MMANRMZMHFEAA7EE 1 mL; F
FA BB A E A, Fh7E 550 nm ARG AR AL, 5
Yiff e 2% C A% [e,,=19 100 L/(mol-cm) ™22,

2 #@iR5Hr

21 MycG5ZRE#HEFRREAEX M-V &5t R K
sEA ]

2.1.1 MycG . FMN F= Fe,S, 4L % 09 =204 R %
fEAE 1 2 P4s0 R G, P450 M. FdR AN
Fdx ¥ UM B EAE. N T E R+
AR = L RS, ¥4 RhFRED B /> 25 14
B, (FMN flFe,S,) 7ELYHEATIRM G, MW
ANJST R A RIE iR, £ FMN. Fe,S, 5 MycG
WM =Hn 2%+ (F3, AD, LM-IV R
FTARAN N 2 h )i, HPLC AT LC-MS il 43 #r & 3L
2R LA 7 AEAT AR S A BB R, R A M-IV

KILHEHFE [E4vvi; ES5, Al

N T E SE R iR 2 5 kST 3R 0K 3R 45 1 FMN A
Fe,S, # 2 75 B A L MycG AL IhAEIRE /1, 4
A IEFEM K R EREE S. elongates PCC 7942 18k &8
B L JiR [ SelFAR0978 £k 46148 25 [ SelFdx 1499
439 & AL FMN fl Fe,S, ", 3k18 MycG+FMN+1499
(K3, A2) FlMycG+0978+Fe,S, (K3, A3) 41
4, LA MycG+0978+1499 (&3, A4) HAEMEN
KEREF e

£ HPLC /03, MycG+0978+1499 BH 4 Xif & 4H
A M-IV iz K Wi 4 280 nm) 1) ik % 16 A
M-V (280 nm) . M- II (240 nm) F1 M-I (240 nm)
LE 4 viiviii], 3F=PH I M-T 2 M-I .
MV=1.0:12:02 (K5, A2). X—45FUilY
SelFAR0978 Al SelFdx 1499 {7 {ER, MycG fiil ] T f
1 C-14 fr 2 B A B, FF LA M- 11 A EEZ =)
B

MycG+FMN+1499 2H & f# 44, () )< M. 7E 280 nm
Rl 21, e Mg M- 11 17~ 4 (4.95 min)
[ 4Caix]. BT M-V A M-I 4% 8 i E) =E % A4
i, £ LC-HRMS(ESI) 4T KB &= g & T
PN T BT, 439008 728.4225 F11712.4270, 5
M-I Ccald. 728.4221) FIM-V(cald. 712.4272) 5T
Brigvs (B4 ], %R “YITE 240 nm A
g L 2145 B 1) 18] 9 7.97 min 972008 [ 4(adx],
LC-HRMS 73 T il 55 % W 73 - 55 1 U§ Ry 712.4277,
E5M-1 (cald. 712.4272) —5 [E 4], PL L4,
W] MycG+FMN+1499 21 4 RE W5 1L M-IV (1) 4
RN, FAEIANEMIM-T . M-T5M-V, H
P AR R AN A MyeG+0978+1499 2H 4 11 £ 50%,
PP E T AL (M-T P M-1T 2 M-V =1.0:
0.9:2.1) (E5, A3, HEARFEMR T C-14 1
HATEREEA, HULRE =Y M-V o FEZ Y8

% F MycG+0978+Fe,S, 4 &, & 1 3 Fhé fb 7=
PIM-1. M-TLFIM-V, [FIEF7E 280 nm A& I3 K
A B R B ) Y 7.22 min ()PS0, 4 LC-
HRMS 73t K LI 73 1 B 682.4168, 5 dMe-
M-IV (cald. 682.4160) —%t [El4(adix. (b)]. 4%
FEHEIAM-1 @ M-T : M-V : dMe-M-IV=1.0:
36:62:03 (F5, A4), UUFHEZYM-V NE
BT %45 RULH Fe S, 7 7ERT, AT fgdE T
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MVM-l  dMe-M-IV M-1 M-IV M-I (Rt=7.97 min) ~ M-Il (Rt=4.95 min) M-V (Rt=4.84 min) dMe-M-IV (Rt=7.22 min)
0 0 0 600(%
/\_i M-IV(280 nm) 600(% 600(% 6001% 550 85 282.59
- 241.45
Bl J\__ii M-1(240 nm) 227.74
. 0
J fii M-11 (240 nm) 020 "G0onm 206" 600nm %200 Goonm 200 600nm
Int
i iv. M-V (280 nm) It 7124277 Intens 7384225 ‘TTSE 724270 | ol 682.4168
_ i J \_Y_ MycG+FMN+Fe,S, (280 nm)
J\_vi MycG+FMN+Fe,S, (240 nm) Ludod
Y : 0 1000 mz © 1000 m/z © go0mz ° 1000 m/z

vii MycG+0978+1499 (280 nm)

A ~_ vili MycG+0978+1499 (240 nm)

(b) MV, M-I, M-T FildMe-M-1V (958 SME SO % B HRR R 7 T 25 T I (ESTY)
(b) UV absorption spectra of the products M-V, M-Il , M-I and dMe-M-IV and
their corresponding molecular ion peaks (ESI+)

A ) \iX  MycG+FMN+1499 (280 nm)
S S W AN

MycG+FMN+1499 (240 nm)

i MycG+0978+ Fe,S, (280 nm)

B . Xii MycG+0978+ Fe,S, (240 nm)

50 60 70 80 9.0
¢ /min

(a) =45 R0 N HPLC S Bt

(a) HPLC analysis of the three-component system

M-VM-I  dMe-M-IV M-T M-IV

_ S\ xii

MycG-FMN-Fe,S, (280 nm)
MycG-FMN-Fe,S, (240 nm)
MycG-Fe,S,-FMN (280 nm)
MycG-Fe,S,-FMN (240 nm)
FMN-Fe,S,-MycG (280 nm)
FMN-Fe,S,-MycG (240 nm)
Fe,S,-FMN-MycG (280 nm)
Fe,S,-FMN-MycG (240 nm)
FMN-MycG-Fe,S, (280 nm)
FMN-MycG-Fe,S, (240 nm)
Fe,S,-MycG-FMN (280 nm)

Fe,S,-MycG-FMN (240 nm)

MVMI dMe-M-IV M-I M-IV
B /N_i  FMN-MycG+Fe,S, (280 nm)
. N FMN-MycG+Fe,S, (240 nm)
il Fe,S,-MycG+FMN (280 nm)
44/tv Fe,S,-MycG-+EMN (240 nm)
v

MycG-FMN+Fe,S, (280 nm)
MycG-FMN+Fe,S, (240 nm)
MycG-Fe,S,+FMN (280 nm)
MycG-Fe,S,+FMN (240 nm)

— X FMN-MycG+1499 (280 nm)
5 U B N FMN-MycG+1499 (240 nm)
— /u" MycG-FMN+1499 (280 nm)
N« MycG-FMN+1499 (240 nm)
o N MyeG-Fe,S, 10978 (280 nm)
o INCXIV MyeGoFe,S,+0978 (240 nm)
‘/QV Fe,S,-MycG+0978 (280 nm)
7‘,—_/@“'

/_XIX

Fe,S,-MycG+0978 (240 nm)
MycG+FMN-Fe,S, (280 nm)
MycG+FMN-Fe,S, (240 nm)
MycG+Fe,S,-FMN (280 nm)
MycG+Fe,S,-FMN (240 nm)

5.0 60 70 80 9.0
t/min

(c) FRAL 7> A 58 S ITHPLC 73T

(c) HPLC analysis of the one-component system

4

50 60 7.0 80 9.0
t/min
(d) AALSY RG0S FTHPLC A3
(d) HPLC analysis of the dual-component system

MycG AL ZE K 2 M-IV 7 A5 S AR Bt FF 22 77 490 i S VAR €0l M v 2 9 23 38 2 W

Fig. 4 HPLC and LC-HRMS analysis of the oxidative and demethylative products produced from M-IV under the catalysis of P450 MycG

| A-E A M EAEH 0 MycG RIS, 74
JERIRMI LR B = ), 52 A g RARTE 1T
FMN Ml FeS, UL #t vz &2 A X 70 7l 5
SelFdx1499 F SelFdR0978 141, MycG RE5 S I
XA M-IV 15 4%, 156 B FMN Al Fe,S, 35 i 14
HE, A ) 2 7T RE S T SelFdR0978
5 FMN 1) B AR B R G ) . 534, Fe,S, 147
FE ] BE 18 B MycG A R E3E, AT =4 1 it
I =4 dMe-M-IV . {H72, MycG+FMN+Fe,S, 41
A R BRI BT AR P24, I S PR S 4 R 3 e il
GEATAMTEAZE, EENHRATEYK

AT, HAEEWE Z A TGIE A A ORI
T B A, DR 61 SR MyeG I T)
ft. IXEbst KB FMN il Fe,S, il &R 25 X T 4
FF RhFRED & H G V5 RN G B A EEAEH
2.1.2  MycG.FMN #= Fe,S, 20 &%, 49 20 5 % %

— 46 P450 fif FIL SR AR L I R e, RS
s —A sy, “HE B ER” K P45S0RE, REW
£ L NAD(POH 414 N SehE i b Thag, wlae

LT L —FILBAHE. “HibHFE”
P450 fig [¥) B £ X %K P450 BM3 (CYP102A1) MY
1 P450-RhFRED (CYP116A1) P9, 7EiX Wi Fh iR



596 BRENE $£35

M-l e M-I M-V de-M-IV
= | Al MycG+FMN+Fe,S, 0: 0: 0: 0
7 | A2 MycG+0978+1499 ] 1: 1.4: 0.1: 0
i; A3 MycG+FMN+1499 L] 1: 0.8:2.1: 0
4i | A4 MycG+0978+Fe,S, ) 1: 360 62: 03
Bl MycG-FMN-Fe,S, ] 1: 3.1: 52: 0.7
;'E— B2 MycG-Fe,S,-FMN | 1: 43: 5.9: 3211
7 | B3 FMN-Fe;S:-MycG I I} 3558381
% | B4 FeS,-FMN-MycG 0:0:0:0
4 | B4 FMN-MycG-Fe,S, 0:0: 0: 0
B4 Fe,S,-MycG-FMN 0: 0: 0: 0
Cl FMN-MycG+Fe,S, 1: 3.7: 64: 0.8
C2 Fe,S,-MycG+FMN I; 475179
C3 MycG-FMN+Fe,S, 1: 4.1: 4.5: 82
g C4 MycG-Fe,S,+FMN 1: 4.8: 4.5: 23
7y | €5 FMN-MycG+1499 1: 3.8: 58: 0
% | C6 MycG-FMN+1499 1: 3555700
4 | C7T MycG-Fe,S,+0978 1: 3.6 5.1: 0.7
C8 Fe,S,-MycG+0978 1: 4.6: 5.0: 2.1
C9 MycG+FMN-Fe,S, I 392625155
C10 MycG+Fe,S,-FMN e o s oo ca oo v wn g g 5B SB94 125

10 15
AFe = ) P SR A L%

20 25

Bl5 AFEREAR RS MyceG AL M-IV SUBL 74 7341 R AL R
Fig. 5 Product distribution and catalytic efficiencies of MycG toward M-IV with different redox partner systems

H, PASO FIX 45 R 3k 1) 348 Ji7 A A8 B 7R 45 1 4 21
77 &%) 9 N-P450-CPR/RhFRED-C, 124 1k FH %R
F e AR R BT PASO il N Sty 0 00 &5 1 45008 i A
(EE SR

TEARM 5 H, L MycG 55 RhFRED X 45 #) 43k
FMN il Fe,S, 50 5, @it A A 1 20 2307 Xk
e NT “HAHN” BiaEA (B3, Bl~
B6) . N-MycG-FMN-Fe,S,-C (Bl MycG-RhFRED)
(3, Bl). N-MycG-Fe,S,-FMN-C (& 3, B2)
I N-FMN-Fe,S,-MycG-C (&3, B3) fgfs /LA
HINADPH (26 F, A6 M-1V R 7= A2 48 Ak
PM-1. M- . M-V Flfii B 3 7= 4 dMe-M- IV 3
HaMY), (AR EREE (K40 Vi, i/
iv, v/ivi; E5, B1~B31. #lln: 4k 5N T
MycG 1) C o, AR B35 A%,  H=W oA
KA T Y ERA, PUBH 7Y dMe-M-IV 5 &
(5, B3). L ESERULH, fE#4H £ 8 P450
ARG, PASO BRI IE 7 AE AR AR XS A7 B 2, fg
B X P45 B 1A A4 A5 0 =40 0 A 3 R 3 5T

Fe,S,-FMN-MycG. FMN-MycG-Fe,S, il Fe,S,-
MycG-FMN 3 il & 8 [ 78 LA M-1V 4 JiR A 1) 44 41
SSEMAR T, A RS I AR B P g [ 4 (e

viifviii, ix/x fll xi/xii; ElS, B4~B6]. CO % it
W R, 1Z3F “HH 57 mhb AR AR 2]
P450 i A 0% e 0 . % 45 B S R FMNL Fe,S, fll
MycG FEX A7 B 1 5503 o] Rt i 17N LR A 1 57
#1Z, 19 MycG &k | P450 F AL DI RE .
2.1.3  MycG .FMN #e Fe,S, 28 %, 69 4L 5 & %t

H AR FL b 77 75 1 P4S0 XU 4y i1k R G,
P450 fifg 5 3% J5 AR & B DA 7 1T AR
W AZAE W w DLE P45S0 il 5 CPR 414 ™). P450
MY 5 Fdx B FdR & AE & G SLECH WL, H Al
XA W PASO i 5 Fdx & il & 8 (A i HE, 4
9 A&k B T M. capsulatus f) CYPSIFX (N-P450-
Fe,S,-C) " F1 kK H T R. rhodochrous 11Y ff] XplA
(N-FMN-P450-C) ", ixfffb& 77 AT ek 7 —
Tl 1 U2 23 i A 8 1 ) B2 4y i B B kAR g
EPRAS . EAEEIZ, CYPSIFX I XplA 535 5
£ [5] IHHR A FAR AT NADPH ) 2% 18 T A R S B He i
L Zh &g © . K RhFRED & [ 1% > 45 K 33 FMN
F1Fe,S, 7l i & 2| MycG HI N 5t 57 C i, #4822 315
N-Fe,S,/FMN-MycG-C 5 N-MycG-Fe,S,/FMN-C 4 fh
G TG RIAANIRF HEH, COEN
2 AT UE SE Al AL SRR 1 A R B3 B P4S0 B
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WS U o 7E DL M-IV A JE A0 () A4 b S JRE AR 8 e Ji
PEAR R AR A B B R 419 (FMN 2K Fe,S) i »
HPLC 43 #7 & B 4 B 41 & 38 ] LLAS [ F2 5 3 2
MycG I3 PE, AL AE 3 RS AL =P A 1 Fl it H 3
P LB 4D il iifiv, vvi M viiviid], (BP9
A 72 7% K. N-FMN-MycG-C. N-Fe,S,-MycG-C.
N-MycG-FMN-C #1 N-MycG-Fe,S,-C [¥] 7= ¥ b 4
(M-I : M-Il : M-V : dMe-M-IV) 4351°41.0 & 3.7:
64:08. 1.0:47:51:79, 1.0:41:45:82
F1.0:4.8:45:23, HEMWWAIRMFE, 75510
M-V. dMe-M-IV. dMe-M-VFIM-TI (5, Cl~
C4), HHA N-FMN-MycG-C (LR B BT 5
Sh3 M A EA [E4W i, xikxii; B5, Cl,
C5]. fHf3 ¥ M2, 4 FMN B¢ Fe,S, il & 76
MycG [ N 5 5# C i B, e H 25 7= 4 dMe-M- IV
7= &3k AR E S . R Fe,S, B
SelFdx1499 B4 J5, S NAR Z AN P 7= A2 it F 2 7= 1)
dMe-M-1V; M 24 SelFdR0978 ¥ iifF &5 ] FMN # $:
Ja, BiH YR Bl E IR, DL g R R
RhFRED 5 [ [1) 45 #4380 75 B R 25 72 ) dMe-M- IV
A R S R EEAE R, Hoh Fe,S, 45 14 15
ORI KT FMN 45 #458

XT-F RhFRED % [ A& £, i#iid FMN #l Fe,S, 45
oy S5 A 0 A7 B H 444 i T N-Fe,S,-FMN-C (43,
C2) “eRR” BB EA. KNSR E IR MycG+
N-Fe,S,-FMN-C 41 & 588 G 8 7= AL SE AL = M- 1
M-I« M-V FIJii 2L =4 dMe-M-IV [ 4(d) xvii/
xviii, xix/xx], H 5 MycG+N-FMN-Fe,S,-C ( RJ]
RhFRED) AHLL, 7= A E, 758
1.0:58:94:121A/11.0:39:62:15.1, {HZ
FEPIE R R BEZ) 50% (5, €9, Cl10). %4
BRI XA 5 R i Fe,S, F FMN A X7 B o 48 2>
SR P TR LT AR I A A, BN P40 B AL
B R B PR AT R RN

2.2 MycG5ZEEM#EMEFRIBLARAEBF
(St ESNEA D)

TEPASOE R G, KEH T NADPYH KA
HL 74K Ik 423 FAR (FMN)—Fdx (Fe,S,)—heme f{]
FEIBITFE o F A 33 B 5 2 3 2 R () R AR 3 R
JE RSN PASO ALV PE R B R . Rk, 4y A BA

BRI R RO Bt 3R CAE N B AR AL 7 2 4 I
I AS R i 7 ORI 20 2% 5On) oL 7% 38 80 1 5
. 4133 frn, 5 B REETE B R ARG B E
N-FMN-Fe,S,-C (RhFRED) #H L, #5445 4 15 B e
2 JE 3 F[f) N-Fe,S,-FMN-C & 1, T8k 5 AL 80 F141
il .38 C 138 I 22 #5G Fr ~ B, K W] RhFRED £
1 ) A A 4 A R 0 7 B T e, R (]
[FMN—Fe,S,, 34.38 umol/(L-min)+0.05 pmol/(L-
min)vs 24.37 umol/(L-min)+0.02 umol/(L-min) ] PA f&
5 P450 % H 2 [8] (Fe,S,—~heme, 13.57 umol/(L-
min) +£0.01 pmol/(L'min) vs 10.21 pmol/(L-min) +
0.01 pmol/(L-min)) FHL-F &M N %, 3k
i) 21| P450 B [F]HE 46 R A=) 7= 26 . /E N-Fe,S,-
FMN-C 21 5 ¥ WU 73 [ AR R 1, MyceG {6 M-
IV 7= A2 K R 7= ) 1 350 2% 29 9 & N-FMN-Fe,S,-C
(RhFRED) XUH A F 1 60% (K5, C9. C10).

TE 6 AR R A 2GS H SRR “ B 2H "Rl 2R
H # ,N-FMN-Fe,S,-MycG-C.N-Fe,S,-FMN-MycG-C 5
N-MycG-FMN-Fe,S,-C(MycG-RhFRED) X 2k G Ak £ )
B 5 3 R M 24 [FMN—Fe,S,, 26.07 umol/(L-min) +
0.03 umol/(L-min) vs 25.36 umol/(L-min)= 0.02 umol/
(L-min) vs 21.82 pmol/(L-min)= 0.02 umol/(L-min) ],
Ut B I8 5 A8 AL T P450 i MycG [ N o5, B0
FMN # Fe,S, #H J iz & 2 2 % FMN 5 Fe,S, 2 [A] ]
L L 8 R R B/ o {H A&, N-FMN-Fe,S,-
MycG-C. N-Fe,S,-FMN-MycG-C X} 48 fiti {4 % C
F) 38 JE 3 R H A T N-MycG-FMN-Fe,S,-C [Fe,S,—
10.22 pmol/(L'min) £ 0.01 pmol/(L-min) vs
6.0 umol/(L-min)+ 0.01 umol/(L-min)vs 10.45 umol/
(L-min)= 0.01 pmol/(L-min) ] (£ 3) , FIHXHiL
JEAEAR B AL T MycG N 3 i, Fe,S, K HL 4% 1%
25 P4S0 i 1) AE 198 59 (N-FMN-Fe,S,-MycG-C fll
N-Fe,S,-FMN-MycG-C ] 7= 2 73 7] ) 4 N-MycG-
FMN-Fe,S,-C ] 10% F125%) , 1 G /2 iff ik MycG
R PR R R 2 — (BI5B3. B4).

¥ MycG & T FMN # Fe,S, 2 [8] 3k 15 ) 7 Fil
A T ft & 8 1 N-FMN-MycG-Fe,S,-C fil N-Fe,S,-
MycG-FMN-C, DL B i ik 25 ¥4 35k B 4 38 43 i i &
% 1 N-MycG-Fe,S,-FMN-C & [, X} 2k 51k 80 1) ik
J5 33 2R £y N-MycG-FMN-Fe,S,-C (MycG-RhFRED)
] 30%[ FMN—Fe,S,, 6.92 umol/(L-min)+ 0.01 pmol/

heme,
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R3 AFEEAEANBETALIERE

Tab.3 Electron transfer efficiencies of different recombinant proteins

HE R AL A /[umol/(L-min)) A i {4 2 C/[umol/(L-min))
FMN-Fe,S, 34.38+0.05 13.57+0.01
Fe,S,-FMN 24.37+0.02 10.21+0.01
MycG-FMN-Fe,S, 21.82+0.02 10.45+0.01
FMN-MycG-Fe,S, 6.92:0.003 8.420.01
Fe,S,-MycG-FMN 6.64+0.02 3.2320.01
FMN-Fe,S,-MycG 26.07+0.03 10.22+0.01
MycG-Fe,S, FMN 5.85+0.006 5.04+0.009
Fe,S,-FMN-MycG 25.36+0.02 6.0+0.01
MycG-FMN 33.97+0.03 Fe,S,:3.94+0.06 SelFdx1499:7.04+0.03
FMN-MycG 19.81+0.03 Fe,S,:10.37+0.02 SelFdx1499:9.56+0.02
SelFAR0978 24.23+0.04 Fe,S,:1.63+0.02 SelFdx1499:3.75+0.01
FMN 5.04+0.07 Fe,S,:0.46+0.03 SelFdx1499:1.86+0.02

W RN ER CIJF ARSI, 2 MNGE T FMN 25 M85 Bk B (A Fe S, 5 M3k, DA K FMIN 25 8015 SelFdx 1499 2 [A] [ HL 1~

AR

(L'min)vs 6.64 umol/(L-min)+ 0.02 pmol/(L-min)
vs 5.58 umol/(L-min) = 0.01 pmol/(L-min) vs
21.82 pmol/(L-min)= 0.02 pmol/(L-min) ], X34
Rl G B O A L R C I I T 2 A [ R
[Fe,S,—~heme, 8.42 umol/(L-min)+ 0.003 umol/(L-min)
vs 3.23umol/ (L -min) +0.009 umol/ (L -min) vs 5.04 umol/
(L'min)£0.009 pmol/(L-min) vs 10.45 umol/(L-min) £
0.009 pmol/(L-min)] (£ 3), F B FMN flFe,S, 45
K 3555 My cG AH X 7 B A oo A8t 4 3t il HL -1 388 A
REPEAR. HONEZERR, R % INE BT
i, X 3N INIAR ZR 35 TC RS 2 S B )
A, G CO WIE To kA5 B PASO Flg 1 4 ik R USc 0
I 7~ 3 ANl £ 1 H Y P450 D g ek (8] 3 26 oK i J
Rk T AL T BE .

H1 %% 3 A H1, SelFdR0978 i £k 4k # ) it
J5 38 2 29 9 Ui 85 IR &S FMN 19 5 5 [FMN—FeS,,
24.23 umol/(L-min) + 0.04 umol/(L-min) vs 5.04 umol/
(L-min) £ 0.07 pmol/(L-min) ], {EA[A] ¥4 &
24 FMN £ 4 SelFARO978 I, =) f) 7= e #5 4R
3T AFERERSE (BI5. Flin: MycG+Fe,S,+
FMN 2 & 4 P AN 2 S B2 7= 4, 10 24 FMN 8 4y
SelFdR0978 &, MycG+Fe,S,+0978 )41 & h T 52 L
TXM-IV I )N (5 Al. A3); N-MycG-
Fe,S,-C+0978 41 & 1) 7= Z& 1 B 155 T N-MycG-Fe,S, -
C+FMN (& 5B7. B8), FH| FAR/FMN—Fe,S, ]

FHL % 33 0K 2 T PASO B (AL R I B N &K

AR T 0% B IR & Y Fe,S,,  SelFdx 1499 Xt 4 fiil
TR CHIE R HE W (Fdx/Fe,S,—~heme), 57
H SelFdx1499 ] MycG i 1k 5 %t b & A Ui & Fe,S,
ARG =R E R 5RARMEE
1 N-MycG-FMN-Fe,S,-C (MycG-RhFRED) # L,
o 2 B S A I A R A T SR, KD
I3 A AT I 5 2 DL R 40 i B 3% C B S IR
R BLREAL, R EHE ARG 7 UM A
FERH 7 B 1) e 78 2 5 ) B - A% 3 Ak e, T s
P450 Jf§ (1) {110 38R R0 =4 53 A

3 Wit

AL H AR T P4SO i 5 38 IR AR AR 20 ik Ak
TR, R IIE R AER S P450 B 1)
Rl B A B RS DL AR A R D Re s I AL R
X P450 B fE AL Th e 20, DL P450 i MycG 5
& JF A5 RAFRED A WF TS0 %, #1713 FhE 4l
BA (F3), PAFEHCKEM-VER RN E 1T
A MycG LI 2EAL B, RG R T A F Ik
JE AR 2H A MycG 5t M-IV I8 46 20 A s ) 4y
i, UEAFHAERR B TFHAIERE, WAL
P AR 5 mi A E 9 MycG i 1L 3 RE 14 7 75 2 e A
ML o
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TEIR AR S MyeG 4L “AE R 1L &
girh, PrH&EBAXRERAAEERL, 16 MG
% B Tl B 2 MyeG UL ThRE, o 1244 &
MycG REW i A 7 4 3 AN E AL = M-1 . M-I Al
M-V PLE AN 272 dMe-M-IV . 4 N H AU
AENTEM-T . MTAIMYV, B4 4 NG5 KK
W2 R A (B4, B5) . [ERERR
&, ARTIE R BRI 16 M LA, A 1244
AT R E Y dMe-M-IV, HAEL IR R 1y
B U B EOIRAS Y Fe, S, & F 2k .

TE AN AR BEAT S S H & b, AR
AU BCE LA Fe,S, 45 Bk, o MycG+
FMN-+Fe,S, 41 & 7] B8 /2t T-K5 R IR Rl HO XU 45 44 355
FMN Ml Fe,S, 57 J5 , 18 RUER I H) R AR AL 520 )
TR AR, BEmk T AEAEE . BERDIRA T
FMN FJi BARAS (1) Fe,S, Z 8] (1) FEL 15 386 3 R I A
XA €0 2 C I8 JR AR A A 0.46 pmol/(L-min) +
0.03 pmol/(L-min) , 1% & RAFRED (N-FMN-Fe,S,-C)
170.03%: ¥ & ¥) FMN A\ NADPH 3k B H, 1) 3
R ALK [5.04 pmol/(L-min) + 0.07 pmol/
(L'min) ] (£3). & H Fe,S, 4t il & & B
N-MycG-Fe,S,-FMN-C. N-FMN-MycG-Fe,S,-C
N-Fe,S,-MycG-FMN-C, B %R il I 35 15 7] 3% 7 &
H, (EIAR AN 2] 420 nm 5851 IS FIT 450 nm
TR, AIREIE K AL JE A B A MycG A X A7 & 1)
B, 3 “dERART FEEAAERERE RSP
W RRE T B, REEFRMTE I X P450 B
3fhFEEE AN RO R CHYAAE
JRfE 71 (£3): FMN—Fe,S,, 5.58 umol/(L-min) +
0.01 umol/(L-min) vs 6.92 pmol/(L-min) + 0.01 umol/
(L-min) vs 6.64 pmol/(L-min) £ 0.02 pmol/(L-min) ;
Fe,S,—heme, 5.04 pmol/(L-min) + 0.009 pmol/
(L'min) vs 8.42 umol/(L-min) + 0.003 umol/(L-
min) vs 3.23 umol/(L-min) £ 0.009 pmol/(L-min) ,
I 7 il 5 2 A [F) 24 23 2 TR) AT R R A% 3t ST F 1 A%
.

FEIE JRAEAR I WL AR B, BRSO T H Fdx
5 P450 HEAEMEARM, Fdx 5k H T FdR K
L 1 % 3% 21 P450 ¥ ) heme k4L F 0 o AHEE T
FdR, Fdx 15 P450 [ AL 1 /& P450 i1k R 48
NEEMRFE . F a0 Paso,, xF HRRA A IS

T Pdx B & T E B, 7EX P450,,, 5
Pdx EE W =4GR kI, Pdx MY EA
fEi I DhfRe, & RA S P4AS0,, K E G
PR T 2 gkl 22 45 B R XOOR 2R o A S
R, HIIfENT 7 “H4% B L PASORE” CYP116B46
R R R A S N BOEERARIE 3451
1, M NG E| C i fk X N P450. FMN flFe,S,, H
T B 4% # J7 11 4 FMN—Fe,S,—~heme, FMN Fl
Fe,S, 2 [A] ) HL £k BE 25 5 0.79 nm, 1{H Fe,S, Al heme
) E 26 8E B 0N 2.53 nm, @Ik H AT E A T
A B AL BB, R A ) & R T REAE H
FARBIRE A EEME, ZERWIEHT
Fe,S, &t AN B A 16 B 1 1 IR .

AW 5T SE G 45 BRI, ik JE 48 RhFRED 8¢
HH M E A (FMN 5 Fe,S,) fAER, MycG
AL M- VA = 2 B &, BES A A=)
M-I« M-I FIM-V, =4 Jlii B &7 4] dMe-M- 1V,
I 73~ AN 7] 8 Y 3 J5 A4 A BB 4% 52 i) R 2522 P450 1R 4L
RMERMP=YHR " ER—1RNE, RH A
# H N-MycG-Fe,S,-FMN. N-FMN-Fe,S,-MycG-C
AW 43 % 48 MycG+N-FMN-Fe,S,-C (RhFRED)
3P G, B Y dMe-M-IV N E = (A
5B2. B3MIC9; T1fifE H2H r & 8t N-MycG-FMN-
Fe,S,-C, X414 & 4t N-FMN-MycG-C+Fe,S, fl =
H 7 % 4 MycGH+0978+Fe,S, 2 &, I W)
M-V /=% (B 5B1. CIMA2). kg Rl
B, BRiCJFEAE B REEZ Y, BEMAEES
P450 il (1 fil & 75 =R Ak 3R G B 1 4 R 1 2R 3
SN PR G AT I P o

ANE T AL 5 PASO B 1 B & 0, AR 5T
I AR P450 B 538 IR AR AR AN R A R L, A
W JE AR TAE SRR “IERIN” PASOEML RS,
3 i P4 AR I B AR AR RN P45 B IR F A 5 2RI AR 67
B, IR AE T MycG I N RS 43 A A
VKT, & —FA SN TR, A BT IT
R AE A0 5 K P450 g K LR TR AR AL R 58
SRR E I H AR RN . [EF R R, 5
FEAR B2 i A U3 P4S0 Bl A0 PR 50 Bk L, DA
e PA50 A A SN 1) i f- 18 1) 36 % MR AL 1) 475 75
SR ORI SRR R
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