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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, Se/[FAR0978; 5, SelFdx1499; 6, AdR; 7, Adx; 8, PdR; 9,

Pdx. Proteins were stained with Coomassie blue in 12.5% polyacrylamide 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 concentrations of functional cytochrome P450

enzymes using the extinction of 91,000 M'cm™ !,
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Supplementary Fig 4. The effects of different P450/Fdx/FdR ratios on P450-mediated catalysis. The

catalytic activities of PikC (a), P450sca-2 (b), and CYP-sb21 (c) when supported by an equal molar

ratio of P450, Fdx and FdR. The catalytic activities of PikC when supported by different ratios of

SelFdx1499/SelFdR0978 (d) and SelFdx1499/PdR (e). All the experiments were carried out in

triplicate. The error line represents the standard deviation. P values in each groups were calculated

with single factor ANOVA analysis, and all P values were less than 0.01.
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Supplementary Fig 5. HPLC analysis of three P450 enzymatic reactions. (a) PikC hydroxylates YC-
17 (1) at either C10 or CI12 position, giving rise to neomethymycin (3), methymycin (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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Supplementary Fig 6. Products distribution of PikC when coupled with 9 different combinations of
redox partners. The diagram shows the relative percentage of products (%) obtained from the in vitro
conversions of YC-17 by PikC in the presence of GDH/glucose as NAD(P)H recycling system. The
error line represents the standard deviation. P values in each groups were calculated with single factor

ANOVA analysis, and all P values were less than 0.01.
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Supplementary Fig 8. The steady-state kinetic curves of cytochrome c (cyt ¢) reduction by 9 pairs of

redox partners. In the electron transfer assays, cyt ¢ was used 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 sodium phosphate buffer (pH 7.4).
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Supplementary Fig 9. 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
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R102

10



67
68

69

70

71

72

EI-!l al w 2 p2 . B3 a3 E‘. R

Pikc
13

PikC Inn:uw;'rz‘i\srr LDLGALGQDFAADP YP TYARLE lsrﬁlnvnrrauns FSKDWRNST .
P450sca-2 I(!‘IIITIKA‘IITLTSQ! PA.FPADRTCPYQLPT aannu.v.rvn.xnann LSSDRLHAD.
CYP-sb21 DTVN muu.-znrrz: nm llPIA__R,ICFP:QD‘!EI l. vunrnsuc;nxrnaa
consensus>70 I L R R I T I R I I e I T N B

ad 2 B %8 a9
PikC 20000, . ... 2 T SLQJ_D_.L Llﬂ_ﬂ_ﬂ_ﬁlﬂ.ﬂ_mﬂ_lﬂ ‘I‘T _J_D_J_Il JLQ_QJLDJZ

1Y) ,q 10
Pikc «ee«.. . TPLTEAEAA iE S| PP ll. kPl Vis] DGL Lll?UG (SI. PP
P450sca-2 rrrrsrnrzu'lucsr ar:cu P PE| T:s: K| Il: nP vy MLA.AGPT F P
CYP-sb21 EKLMKARGIPDDYVVY. LG D} ncm. .P.GDR’ lly t'l
CONSONSUSHTO . ... ....ceerenanainaanaannaan D.. JI.E Ve.I.....D.§........
Ta
~l ald all al2 all
PikC £2000000000000000000000 Q_D_{LD_ZLLZLD_L’_Q_Q 0000000000000
nq 180 190 200

PikC szu [RAAFRVWTDAF) rpnnrnnAn-nPuluscusxu.msx ISAL nv-rsg w
P450sca-2 DA!KR Q. AVDADSAVAARDDFERYLDG x‘rlu.ls:rc'r: ch ':squ\ncnnl 'r I.L I.V

REWGA L!PGANIIPLISMVB\’1Ill!I.Il‘ul!AllPant. xn(nnncnu'm'r
consensus>70 5 G'F I L I S PR TR U

ald als 5. alé al?

PikC 2 H_MR_D_RJL{UI ﬂwﬂm k L!T—a T 19’

Pikc
P450sca-2
CYP-sb21
consensus>70

PikC
PikC
P450sca-2

CYP-sb21
consensus>70

Pdr

PdR
SelFdR0978
AdR

consensus>70
PdR

PdR
SelFdR0978

consensus>70

PdR

PdR
SelFdR0978
AdR

consensus>70

PdR

PdR
SelFdR0978
AdR

consensus>70
PdR

PdR
SelFdR0978
RAdR

consensus>70
PdR

PdR
SelFdR0978

consensus>70

Pdr

PdR
SelFdR0978
AdR

consensus>T70
PdR

PdR
SelFdR0978
RAdR

consensus>70

Pdx

Pdx
SelFdx1499
Adx

consensus>70

Pdx

Pdx
SelFdx1499
Adx

consensus>70

[munﬂ ARYLRAREEY IGP SATY| rrvlw r l.vv:l.nb HRTPI JRD]
ITSLSVIT x LRAREE] LL LAIADIAGGLIIATADT TvTNS IEINRDS S RAD)
m JIGNGTA. D Pieie 1Y BLulnccrvgcTRVErAREDY xL AVLVSENTDPR b
F.R.D

T -
"

as
cgn G! !LARL AVI L svc: -errutuc nuuaca:askn?s
nns !GHH-C on Byl thr 1) Ry VEQETLRPGTTIQGVNEMIVTW. . ... ......
Ll? EDGRRE LAR- IA!AG RLE Pl! RQLMPASW! LLR . .
P.L

10 29 30 a9
vvvat:'rc:.ncvlvlr LRASGWEGNIRLVGDATVIPHHEPPLSKAYLAGKATAESLYLRTPDAYAR
Al.ll!rlAlP!EAPAAKKI!AIDVDV L YRP FVGKVLSNEPLVQEGGIGVVQRITFDISEGDLRY IEGQSIGIIPDGTDDK
FYTAQHLLKHHSRAHVDIYEK FGLVRFGVAPDHPEVKNVINTFTQT

3 7 3 a3 ad 10
B B OB, B OB, B, B 2% 2000% 0000 pr B
5o 0 100 110 129 139 140 1se
ﬂﬂ[KLLEGTOVTIINiDREQVIL!DGlALD!DIL TGGR.PRPLPVASGAVGKANNFRYLR. . . ... TLIUIZ.C[REQLIID'RW
GKPHKLRLYSIASTRHGDHYV. DOKTVSLCVROMOYON . EAGETING. . . VCSTFLCGLKPG. DDVKITGPVGKEMLLPADTDANVI
ARSDRCAFYGNVEVGRDVTV QELQDAYHAVVIASYGAEDHQALDIP . . .GEELPGVFSARAFVGWYNGLPEN RELAPDLSCDTAVI
Boceovosaneliooscennvacnssssnesnsssssmnonmsmennsosmnsnesannesnaneshs

2 - B
R e
I .GGYIGLE . . NMAVTLLDTAARVLER.
ITGTGIAPFRAY IDI‘IRAII'!IYQ!"GIA" IFGIPTTA

. +QGNVALD ALRQIn\!K!‘VIZVGnl\GDLQ

ab 12 13

L20000000000000 L’ —L. T
139 209 219 229 239 249
.VTAPPVSAFYEHLHREAGVDRTGTQVCGFEMSTD .QQKVTAVLCED . .GTRLPAD
.NILYKEELEALQAQYPDNF YAISREQKNEAG. GRNVIDDR\'AII LLEDEKT

RIKEAARPRKRLMELLLRTATEKPGVEEAARRASASRANGLRFFRSPQQVLPSPDGRRAAGIRLAVTRLEGIGEATRAVPTGDVEDLPCG

16, 17 P/ B - "u j_‘E; 20 p22
250 260 270 280 230 azg T

LIAGIGLIPNCELAS CLEVDHGIVIllllﬂTSDPLEPIVEIICII!HSﬂLIDRIVEXISVPHALIQIEH IARILCGKVPRDEAARWFW
HYJY ICGLRGMEDGIDQ. rvnlnﬁxnvvvsn!anﬂ.xlh\ﬁnwlv:!r
LL!SIGYISIPKBP FDPKLGVVPNMEGRVVDVPGLYCSGWVKR

23 24 25 2
—retBay gy =l -
340 359 360 370

sA
1 2 ul J a 1
—L. —L. TT i_llﬂ_u_i‘_ll
19 20 79
N!l ‘IV‘HB RRELDVADGVS !FG'I !DIV DCGEB! EVYVHIAFTIIKVPAIN REIGMLECVTAE|
. MATYK| AEQLNTTIDVADDTY|X ulqcl: D. YSCRAG. GKVVSGTY QSDQSFLDDDQ
M| nn-r . mm'y,.nrncr CEGTL nurlqnlr:x ENDMLDLAYG:

TLTTKGKIGDS
]

e e

PELOGTVIDVEDRAN
YP o !xx::nzr
. nnnhr
. !

€

Supplementary Fig 10. 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: 2BV]J), PdR (PDB ID:

1Q1R), and Pdx (PDB ID: 1VII). 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 °.
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Supplementary Fig 11. The electrostatic surface and interface analysis of AdR-Se/Fdx1499, and PdR-
SelFdx1499 before and after mutagenesis. The electrostatic surface analysis of Se/Fdx1499 (a),
SelFdx1499-M2 (b), and Se/Fdx1499-M3 (c). Positively and negatively charged surfaces are colored
in blue and red, respectively. Docking models of Se/Fdx1499 mutants in complex with AdR (d) and
PdR (e). The wild-type SelFdx1499 is shown in green and the key interacting residues on AdR/PdR-
SelFdx1499 interfaces are shown as sticks. When replaced by alanine, the mutant Se/Fdx1499 coupled
with AdR or PdR is shown in cyan (d) and pink (e). FAD is shown as sticks in cyan. The Fe2Sz cluster
is shown as spheres. The shortest FAD-Fe2S: distances (A) of wide-type and mutant-type are indicated

by black and red dashed lines, respectively.
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Supplementary Fig 12. Conversions of YC-17 by PikC/Se/Fdx1499/Se/FdR0978 (a), PikC/Adx/AdR
(b), and PikC/Pdx/PdR (c) under different NaCl concentrations. All the experiments were carried out
in triplicate. P<0.01, P-value was calculated with single factor ANOVA analysis. The error line

represents the standard deviation. P values in each groups were calculated with single factor ANOVA

analysis, and all P values were less than 0.01.
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Supplementary Fig 13. Conversion of epothilone D to B catalyzed by EpoK. (a) The EpoK-catalyzed
reaction. (b) The CO-bound reduced difference spectrum of purified EpoK. (c) The catalytic activities

of EpoK when supported by nine different combinations of redox partners. (d) High resolution mass

spectra of the substrate and product associated with the EpoK-mediated reaction.
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Supplementary Table 1. Coupling efficiency for 9 redox partner pairs measured with PikC, P450sca-

2 and CYP-sb21. “-” means no product was detected.

PikC

Coupling efficiency (%)

P450sca-2

Coupling efficiency (%)

CYP-sb21

Coupling efficiency (%)

SelFdx1499/SelFdR0978

SelFdx1499/AdR
SelFdx1499/PdR
Adx/SelFdR0978
Adx/AdR
Adx/PdR
Pdx/SelFdR0978
Pdx/AdR
Pdx/PdR

85.6+2.1
76.1 £1.8
94+1.7
164+0.2
83.1+3.2
9.4+6.7

72.4+£4.0

86.4+53
4.8+0.9
149+2.2

20.1+1.3

126£1.8
32+0.5
1.2+0.5

50+£23

33+04
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Supplementary Table 2. 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. ¢

pET28b-P450sca-2
pET28b-cyp-sb21

pET28b-selfdR0978
pET28b-selfdx1499

pCwori*-adR

pET30a-adx

pET28b-pdx

pET19b-pdR
pET28b-selfdx1499-M1-M4
pET30a-adx-M1-M4

pET28b-pdx-M1-M4

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 (4-108) gene, added
His-tag

Plasmid pET30a harboring adx gene, added His-tag
Plasmid pET28b harboring pdx gene

Plasmid pET19b harboring pdR gene

Plasmid pET28b harboring selfdx1499-M1-M4 gene
Plasmid pET30a harboring adx-M1-M4 gene

Plasmid pET28b harboring pdx-M1-M4 gene

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

This work

This work
Wei Zhang et al. ©
Wei Zhang et al. ®
This work
This work

This work
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Supplementary Table 3. Primers used in this study

Oligonucleotide Primer sequence (5°-3°) Function of underlined bases
Adx-F CGGGGTACCATGGAAGATAAAATAACAGTCC Kpn 1 restriction site
Adx-R CCCTCGAGTTAAGGTACTCGAACAGTC Xho 1 restriction site
AdR-F GGAATTCCATATGAGCACTCAAGAACAAACTC  Nde I restriction site
AdR-R CCCTCGAGGTGCCCCAGCAGCCGCAGCA Xho 1 restriction site
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