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Supplementary Fig 1. SDS-PAGE analysis of purified cytochrome P450s (a) and redox partners (b).
Lane 1, CYP-sb21; 2, P450sca-2; 3, PikC; 4, SelFdx1499; 5, Sel[FdR0978; 6, AdR; 7, Adx; 8, PdR; 9,

Pdx. Proteins were stained with Coomassie blue in 12.5% gel.
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Supplementary Fig 2. CO-bound reduced difference spectra of purified P450s. (a) PikC, (b) P450sca-
2, (c) CYP-sb21. Dotted line, P450 absorbance spectra in ferrous CO-complexed state; Solid line, ferric
state. This assay was also employed to determine the concentration of functional cytochrome P450

enzyme using the extinction of 91,000 Mlem™! 12,
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Supplementary Fig 3. UV/Vis absorption spectra of the selected redox partner proteins. (a)

SelFdR0978, (b) SelFdx1499, (c) AdR, (d) Adx, (e) PdR, and (f) Pdx.
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Supplementary Fig 4. HPLC analysis of three P450 enzymatic reactions. (a) PikC hydroxylates YC-
17 (1) at either C10 or CI12 position, giving rise to methymycin (3), neomethymycin (4),
novamethymycin (2), and ketomethymycin (5). (b) P450sca-2 converts mevastatin (6) into pravastatin
(7). (c) CYP-sb21 hydroxylates CsA (9) into CsA-9-OH (10) and/or CsA-4-OH (11) to different extents.
A, SelFdx1499/SelFdR0978; B, SelFdx1499/AdR; C, SelFdx1499/PdR; D, Adx/SelFdR0978; E,
Adx/AdR; F, Adx/PdR; G, Pdx/Se/FdR0978; H, Pdx/AdR; I, Pdx/PdR.
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42
43 Supplementary Fig 5. Products distribution of PikC when coupled with 9 different combinations of

44  RPs. The diagram shows the relative percentage of products distribution (%) obtained from the in vitro

45  conversions of YC-17 by PikC in the presence of NAD(P)H recycling system.
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Supplementary Fig 6. High resolution mass spectra of the substrates and products associated with the

three P450-mediated reactions.
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Supplementary Fig 7. The steady-state kinetic curves of cytochrome ¢ (cyt ¢) toward 9 pairs of RPs.
Identification of electron transfer using cyt c as the final electron acceptor. The assays were carried out

on a SpectraMax M2 plate reader (USA) at 30°C by varying the concentrations of Fdxs in 50 mM
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Supplementary Fig 8. The conservative basic amino acids on the proximal surface of the three P450
enzymes. Basic amino acids R, H or K in different P450s were mapped onto the proximal surface of

PikC, which form a conservative positively charged surface.



61

a

PikC

PikC
P450sca-2
CYP-sb21
consensus>70
PikC

PikC
P450sca-2
CYP-sb21
consensus>70
PikC

PikC
P450sca-2
CYP-sb21
consensus>70
PikC

PikC
P450sca-2
CYP-sb21
consensus>70
PikC

PikC
P450sca-2

CYP-sb21
consensus>70

PdR

PdR
SelFdR0978
AdR

consensus>70

PdR

PdR
SelFdR0978
AdR

consensus>70

PdR

PdR
SelFdR0978
AdR

consensus>70

PdR

PAR
SelFdR0978
A

consensus>70

PdR

PdR
SelFdR0978
AdR

consensus>70

PdR

PAR
SelFdR0978
AdR

consensus>70

PdR

PdR
SelFdR0978
AdR

consensus>70

PdR

PAR
SelFdR0978
AdR

consensus>70

Pdx

Pdx
SelFdx1499
Adx

consensus>70

Pdx

Pdx
SelFdx1499
Adx

consensus>70

El»r)"ll‘"o”-oal"o" 00 032 OO 2 Jl -—LP —L’ M & Dllfﬁ

1 19 29
MRRTQQGTTASPPVLDLGA;GQDFAADPYPT A . EGP HRVRTPBGDE HLV " W FSKDWRNST
A DEPDA RPVTLYDGRR VTKH W ILSSDRLHAD

EEAPI RACFPGQDTP HLVTRY"DV T FVNNPASIPGGDIPD R

NTEMTEKATTFLTSQIAPA FPADRTCPYQLPTA]
MDTVNLMDPALMTDPFRGE|S|

."Eﬁa

«d ¢ 3 ab
£20000..... ﬁ. TT .D_G_O_S_Q_D,G_D_LDE_O. 002000 002000001 Q_C‘ 2000020

80 100 110 120 130
— .TPLTEAEAA.... .x.m-mn' :E TRLE %AREMRE h:u.RggiﬁvncnngLAprckEﬁsnsLE«EVE I

.FPATSPRFKAFRQGSP .AF| [P PELIGTR| 'TISE}RIVK GM):84D [VHGF I LA .AGPT SQF
EKLMKARGIPDDYVVY. .. ..LTDGILDLMGDDEILRL] sRARNARIVMEMSIRIEENSGRLL P.GDRYV| EEY
A A CSRP.V#.I.....D.$........

A
e nd o0 = o o O e - “(All P ©l3 _—
Qo080 220 92005020000 Q50 00 Q2020202000020 QCO00080 90C02000080 2
160 179 180 200 230 240

I E GVPEP R RVWTDAFVFPDDPAQBQTA EHSGYLSRLIDS1RGQDGEDLL5AL TSDEDGSRLTHEE
PYA FQDASKRL)YQ . AVDADSAVAARDDFERYLDGL LESEPGTG LGK THQLADGEIDRA)
ICE L

GK HIL JAGHE
LLL (AGHE
LTS GHE

S| R! REWGAKMVS LSPGAMAEP] ISHVDYIHDLIPR‘RAAPADDLLTGL AHDDDGDRFTDTE
eDiciceriiee Vi ieiieieiasisiscensasasann «eeoBL.. . L. .AGHE
Lald als g N p6 |'. B8 B9 «l7
0£0000000000000 £O2000000 00200000 LULD - —>Trr—" TT — 0000
259 269 279 280 290 300 a1g 229 EET
ERIVNLIANGMYAISAS| I VADMTIALID GENYEPIMLIAYEGPVESATYRIFPVEPVDLD[g I|P LADEVHRTPER[3 P HEIF
TTASMTSLSVITLL IRPADP S)AVIP GESYEILLIAVLAIAD IAGGUITATADIE ID[E LI TNSI RDSSV)Y IL|
TTAHLIGNGTAA IMP:PIR P EVAMP REQYHPILMIGWCGPVIQG TRV YAAED ZLG V LVS YDPRRF R4
S A LRA...L...AV.E$SR..... '.A.. ....................... F. p R.D
A
als 10 6 11
e asaacaaaBasessas E. 25 . B

° 410

40
D . . TAG| G C G, PLARL DLA ISPGE WYPNPMIRG] LP RWRRGREAGRRTG
S . . ARH Gl LAR)E) 8] L PVEQIATLRPGTTIQG LP e
T EEDGRREV LHYC LAR GB F AG| LS P KLR PEE RQLMPASWR| LP LLR - %

-]

CMNANDN . . . ...
.. .MLNASVAGGAATTTYGNRLFIYEVIGLRQAEGEPSDSSIRRSGSTFFKVPYSRMNQEMQRILRLGGKIVSIRPAEEAAANNGAAPLQ
MSTQEQTPQ

n2

al 1 2
N NS . ;mu@a. —_— "g 200 200000

RPNKPFVGKVLSNEPLVQEGGIGVVQHMTFDISEGDLRYIEGQSIGIIPDGTDDK
GSGPAGFYTAQHLLKHHSRAHVDIYEKQVPFGLVRFGVAPDHPEVKNVINTFTQT

_L. &, By B B, By, o S i 2000% 0000 wr B

70
ViKGTGLAGVEVAjGLRASGNEGNIRLVGDATVIPHKEiPLSKAYLAGKATAES&KLRTPDAYAA
NI & g 2

s9 100 110 129 130 149 1s9

QNIKLLGGTQVTAINRDRQQVILSDGRALDYDRLV TGGR.PRPLPVASGAVGKANNFRYLR. ... .. TLEDAE.CIRRQLIADNRLVV
GKPHKLRLYSIASTRHGDHV....DDKTVSLCVRQMOYQN.EAGETING. . .VCSTFLCGLKPG.DDVKITGPVGKEMLLPADTDAN|
ARSDRCAFYGNVEVGRDVTV. .. .QELQDAYHAVV|SYGAEDHQALDIP. . . GEELPGVFSARAFVGWYNGLPEN.RELAPDLSCDTAVI

T T R T T T S Cer et e e e P I

s B
> 200000000020 —_—
160 170 180

GGYIGLE IKA NMHVTLLDTAARVLER

TGTGIAPFRAY|LWR| .KDNERAINSEYQFNGKAWLIFGIPTTA

Lld. . .QGNVALDVARI|L L'H’PDHLBKTDITEAALG. ALRQSRVKTVWIVGRRGPLQVAFTIKELREMIQLPGTRPMLDPADFLGLQD
.G

199 209 219 220 239
VTAPPVSAFYE:EHREAGVDERTGT CGFEMSTD........... QQKVTAVLCED.

NILYKEELEALQAQYPDNFR[LTYAISREQKNEAG. .. «....GRMYIQDRVAEHAD
RIKEAARPRKRLHELLLRTATEKPGVEEAAR SASRAWG[LRFFR| PQQVLPSPDGRRAAGIRLAVTRLEGIGBATRAVPTGDVEDLPCG

B16 BI7 a? pis [uo Ly 20 21 o8 22
Sl — 00000 = TT —_— 00 g el £200000000002000 s
259 269 279 zeo 290 300 319 329 330
LiYIAGIGLIPNCELASAAGLQVDNGIVINEHMQTSDPLIMAVGDCARFHSQLYDRWVRIESVPNALEQARKIAAILCGKVPRDEAAPWFW
HYYICGLRGMEDGIDO. TVAAAKEDVVWSDYQRTLKKAGRWHVETY
LMLSSIGYKSRPIDPSVIPFDPKLGVVPNMEGRVVDVPGLIYCSGWVKR
eVt eetrieearseecnscscnssssssssscsscsssssasssnnss
3 24 25 26 a9 alo all
BB, _B ps5_, . B 20e @0z A9 o ssvsasilanune
340 359 360 370 380 330 4009 4190 429

SDQYEIGLKMVGLSEGYDRIIVRGSLAQPDFSVFYLQGDRVLAVDTVNRPVEFNQSKQIITDRLPVEPNLLGDESVPLKEIIAAAKAELS

31 B2 al B3 o2 g 34
—_— —> TT 0002000 TT T .D.«.Q_;ULDJ 2 TT—>
1 20 EX) ag 59 eoq
.. .MSK| S GTRRBLDVADGVSLHQA VSNG[I|. YDIVGDCGGSAS[SA] HVYVNEAFTDKVPIAN REIGHLECVTAZLKFNSRL
- MATYK| T LNTTIDVADDTYILDAAEE GI D..LPYSCRAG S GKVVSGTV .QSDQOSFLDDDQIAAGFV)H
MEDKIT HFI ETLTTKGKIGDS[LLDV VQ DIDGFGACEGTLA HLIFBQHIFZKLE EENDMLDLAYGLTDRSRL
...... Wi i AG Ry e . ' SRR e & e 8 Sveba | B T R
n2
oY
20 0
CSOT|T M| ELDG| DVPDRQW. .
T YPW. . .SDVITIETHKEEDLY
G{&o[TiC L] AMDNMTVRVP . . .. ..
.C.




62

63

64

65

66

Supplementary Fig 9. Protein sequence alignment of the studied P450s (a), Fdxs (b) and FdRs (c).
The secondary structure alignments are based on the models of PikC (PDB ID: 2BVJ), PdR (PDB ID:
1Q1R), and Pdx (PDB ID: 1VIJI). The conservative basic amino acids R, H and K on the proximal
surface of P450s are stamped by green triangles. Sequence alignment based on their tertiary structures

was prepared using T-COFFEE online service ** and the figure was output by ESPript 3.0 5.
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Supplementary Table 1. Strains and plasmids used in this study

E. coli strain or plasmid Relevant characteristics Reference/Source
Strains

DH5a Cloning host Life Technologies
BL21(DE3) Expression host Life Technologies
Plasmids

pET28b-pikC Plasmid pET28b harboring pikC gene Wei Zhang et al. Z

pET28b-P450sca-2
pET28b-cyp-sb21

pET28b-selfdR0978
pET28b-selfdx1499

pCwori*-adR

pET30a-adx

pET28b-pdx

pET19b-pdR

Plasmid pET28b harboring P450sca-2 gene
Plasmid pET28b harboring cyp-sb21 gene
Plasmid pET28b harboring selfdR0978 gene
Plasmid pET28b harboring selfdx1499 gene
Plasmid pCwori" harboring adR (44-108) gene,
added His-tag

Plasmid pET30a harboring adx gene, added His-
tag

Plasmid pET28b harboring pdx gene

Plasmid pET19b harboring pdR gene

Wei Zhang et al. ©
LiMaetal.’
LiMaetal.’
LiMaetal.’

This work

This work

Wei Zhang et al. ¢

Wei Zhang et al.®
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Supplementary Table 2. Primers used in this study

Oligonucleotide

Primer sequence (5’-3’)

Function of underlined bases

Adx-F

Adx-R

AdR-F

AdR-R

CGGGGTACCATGGAAGATAAAATAACAGTCC
CCCTCGAGTTAAGGTACTCGAACAGTC
GGAATTCCATATGAGCACTCAAGAACAAACTC

CCCTCGAGGTGCCCCAGCAGCCGCAGCA

Kpn 1
Xho1
Nde 1

Xho1
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