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1. Experimental procedures
1.1 Materials and general methods.

DNA isolation and manipulation in E.coli were performed according to standard methods." PCR
amplifications were carried out on an authorized thermal cycler (Eppendorf AG 22331, Hamburg,
Germany) using PrimeSTAR HS DNA polymerase (TaKaRa). Primer synthesis and DNA sequencing
were performed at Shanghai Invitrogen Biotech Co., Ltd. (China). Competent E.coli cells were
purchased from Invitrogen (Carlsbad, CA) and Novagen (Madison, USA).Restriction enzymes were
purchased from TaKaRa Biotechnology (Dalian) Co., Ltd. (Dalian, China). All chemicals and
reagents were purchased from Sigma-Aldrich. Analytical HPLC was carried out on a Shimazu
Prominence LC-20A HPLC system with DAD detector. LC-MS analysis of small molecular
compounds was carried out on an Agilent 1200 HPLC instrument connected to LCQ Fleet
electrospray ionization (ESI) mass spectrometer (Thermo Fisher Scientific Inc.). GC-MS analysis
was carried out on an Agilent 7890A/5973N GC/MS instrument with a DB-5 MS column (60 m X
250 um x 0.25 pm). NMR spectra were obtained on a Bruker Avance AV400 NMR spectrometer
operating at 400 MHz 'H frequency or 100 MHz "C frequency. Chemical shifts are referenced to

CDCl; at room temperature.
1.2 Cloning of fr9H-Ox and fr91-ACP;.

The genes encoding Ox domain of FR9H and ACP; domain of FR9I were amplified by PCR from
fosmid pTG1003® with primer set FROH-Ox-For and FR9H-Ox-Rev, and FR9I-ACP,-For and
FRII-ACP;-Rev, respectively (Table S1). PCR products were purified, cloned and confirmed by
sequencing, then a Nde I/Hind III fragment for FROH-Ox and a Nde I/Xho I fragment for FR9I-ACP;
were cloned into the same sites of pET28a and pET37b respectively, to make the expression plasmid
pTG1008 (for frOH-Ox) and pTG1009 (for frOI-ACP;). The resulting plasmids were transformed

separately into E. coli BL21 (DE3) for protein expression.
1.3 Protein Expression and Purification.

For overproduction of proteins, cells harboring the desired plasmid were grown in LB medium
supplemented with 50 pg/mL of kanamycin. Cultures (1 L) were grown to an ODgyy of 0.4-0.6 at
37 °C and then cooled to 16 °C for 30 min, and protein expression was induced by the addition of
100 uM IPTG (final concentration). Cultures were grown for an additional 24 h. Purification of the

His-tagged fusion protein with Ni-NTA affinity resin was performed according to manufacturer’s
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manual (Qiagen, Valencia, CA), and the resultant proteins were dialyzed against S0mM Na,HPO4
(pH 9.0), 100mM NacCl, and 10% glycerol for FROH-Ox or 25 mM HEPES (pH 7.0), 50 mM NaCl,
and 10% glycerol for FRII-ACP;, and stored at -80 °C. The final concentration of protein was

determined by a Bradford assay’.

1.4 HPLC Analysis of FR9H-Ox Flavin Cofactor.

A 50 pL sample of purified FROH-Ox (80 uM) was boiled for 10 min, and denatured protein was
removed by centrifugation. The flavin present in the supernatant was analyzed by HPLC on an
analytic Inertsil ODS-EP column (5 pm, 4.6 x 250 mm, GL Sciences). The LC conditions were as
follows. Solvent A was H,O, and Solvent B was CH3CN; both solvent contained 0.1% TFA (v/v).
The column was equilibrated with 100% solvent A and followed by the following linear gradient
program: 100% A/0%B, 0—-3 min; ramp to 30% B, 3—18 min; ramp to 80% B, 18-20 min; and return
to 100% A/0% B, 20-24 min. The flow rate was 1 mL/min, and elution was monitored at 450 nm.

Additionally, the identity of the cofactor was proven by mass spectroscopy (data not shown).
1.5 Biochemical Assays of FR9H-Ox in vitro.

Generation of acyl-FR9I-ACP;. A typical reaction mixture (50 pL) for the generation of
acyl-FROI-ACP; was prepared using 100 uM apo-FROI-ACP;, 4 uM Sfp (a phosphopantetheinyl
transferase from Bacillus subtilis*), 1 mM TCEP, and 10 mM MgCl, in 100 mM HEPES buffer (pH
7.0). To the reaction mixtures were added 400 uM acyl-CoA derivatives (1-CoA, 2-CoA, 3-CoA, or
4-CoA) individually followed by incubation for 1 h at 30 °C. The reaction mixtures were used

directly in the assays of FROH-Ox or were subjected to HPLC or MS analysis as described bellow.

Assay of the FROH-Ox reaction. The assay solution (50 pL total volume) consisted of 150 mM
HEPES (pH 7.0), 50 uM acyl-FR9I-ACP;, 10 uM FR9H-Ox, 50 uM FAD and 2 mM NADPH.
Reactions were incubated at room temperature and 10 pL aliquots were taken at 30 and 60 min after
addition of NADPH and quenched by adding SpuL. 10% HCOOH. Control reactions were performed
in the absence of NADPH. HPLC analysis of the samples was carried out on a Grace Vydac protein
and peptide C8 column. The column was equilibrated with 80% solvent A (H,O, 0.1% TFA) and
20% solvent B (CH3CN, 0.1% TFA) and developed with the following program: 0 to 3 min, a linear
gradient to 70% A/30% B; 3 to 22 min, a linear gradient to 42% A/58% B; 22 to 25 min, a linear
gradient to 5% A/95% B; 25 to 28 min, a linear gradient to 80% A/20% B, and 28 to 30 min,

constant 80% A/20% B. It was carried out at a flow rate of 1 mL/min with UV detection at 220 nm,
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using a Shimazu Prominence LH-20A HPLC system. MS analysis of protein samples was carried out

with an Agilent 6530 Accurate-Mass Quadropole Time-of-Flight (Q-TOF) LC/MS.

To further analysis the product of reactions catalyzed by FROH-Ox, the reaction (after incubated at
room temperature for 2 h in the presence of NADPH) was terminated by the addition of 70%
trichloroacetic acid (TCA) to a final concentration of 10% to precipitate all proteins. After
incubation on ice for 15 min, the precipitate was separated by centrifugation (4 °C, 12500 rpm for 10
min). The resulting pellet was washed twice with 200 uL of 5% TCA and once with 200 pL of
ethanol. After drying by speed-vac, the protein pellet was redissolved in 150 pL of 0.1 M KOH and
incubated at 65 °C for 15 min to hydrolyze all FROI-ACP;-tethered compounds. Then the released
compounds were extracted with ethyl acetate and analyzed by using an Agilent Technologies
GC-MS instrument with the following conditions. Helium was used as the carrier gas. The injector
temperature was 250 °C. The gradient program used for analysis was constant at 50 °C for 2 min,

then 50 to 100 °C at 20 °C/min.

Assay of FR9H-Ox with SNAC substrates. The assay solution (50 uL total volume) consisted of
100 mM HEPES (pH 7.0), 500 uM acyl-SNAC (1-SNAC, or 3-SNAC or 4-SNAC), 10 uM
FR9H-Ox, 50 uM FAD, 2 mM NADPH and 5% DMSO. Reactions were incubated at room
temperature for 4 h and quenched by adding 1 uL trichloroacetic acid. And NADPH was not added
into the reaction mixtures in the negative controls. Following centrifugation to remove protein, the
reactions were analyzed by HPLC or LC-MS using an analytic Inertsil ODS-EP column (5 pm, 4.6
x250 mm, GL Sciences). The LC conditions were as follows. Solvent A was H,O, and Solvent B was
CH3CN; both solvent contained 0.1% TFA (v/v) in the HPLC analysis or 0.1% HCO,H (v/v) in the
LC-MS analysis. The column was equilibrated with 90% A/10% B and followed by the following
linear gradient program: 90% A/10% B, 0 min; ramp to 60% B, 0—15 min; ramp to 95% B, 15-17
min; constant 95% B, 17-22 min; and return to 90% A/10% B, 22-24 min. The flow rate was 1 mL

min'l, and elution as monitored at 220 nm.
1.6 Whole-cell Biotransformations.

All of the whole-cell biotransformation tests were carried out with growing cells according to the
overexpression protocol above. The substrates were dissolved in neat ethanol and added to cell
culture (50 mL) 3 h after induction to give a final concentration of 1% (v/v) ethanol in the medium.
The final substrate concentrations were 15 mM for each substrate, cyclobutanone, cyclopentanone,

and cyclohexanone. Reaction mixtures were extracted from the LB medium with ethyl acetate and
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analyzed by using an Agilent Technologies GC-MS instrument’.
1.7 Chemical synthesis of compounds used in this work.
1.7.1 Synthesis of CoA derivatives (1-CoA, 2-CoA, and 3-CoA)

OH O OH O

WOH /\}\)J\SCOA l-COA
or PyBOP, K,COg3 or
(@] (@)
OH > SCoA 3-CoA
THF/H,O
or or
(0] (0]

/\/\)J\ w -
OH N"Ngoon  4COA

Free acid (16 pumol, 1.6 equiv), PyBOP (16 pumol, 1.6 equiv) and K,CO; (40 umol, 4.0 equiv)
were dissolved in 3 mL of freshly distilled THF under argon. Coenzyme A (10 umol, 1.0 equiv) was
dissolved in 1 mL of H,O (O, was removed by sonication), and added dropwise to the THF solution.
After stirring at room temperature for 2 h, the reaction mixture was directly subjected to a Venusil
XBP-C18 semi-preparative reversed-phase column (10.0 x 250 mm, 5 pm, 100 A) by HPLC with
the following gradient at a flow rate of 3 mL/min at room temperature: 0-20 min, 20%-80% B; 20-25
min, 80%-20% B (buffer A, 10 mM NH4OAc in H,O; and buffer B, CH;CN). UV absorbance was
monitored at 260 nm, and fractions containing product were pooled. Acetonitrile was removed by
evaporation, and water and NH4OAc were removed by lyophilization. More than 90% CoA was
converted to its derivatives. The mass of the products were confirmed by ESI-MS [M+H]": 1-CoA,
calcd 892.2, and found 892.3; 3-CoA, calcd 876.2, and found 876.2; 4-CoA, calcd 874.2, and found
874.3.

1.7.2 Synthesis of 2-CoA
ethylene glycol
O O Y » O/ \Oo LiOH /" \ o

OEt OEt  THF/H,O OH

cyclohexane
S1 S2

PYBOP, K,CO
Y ares [\ o TSOH o o0

SCoA

THF/H,0 SCoA HCI
S3 2-CoA

\

To a solution of ethyl 3-oxohexanote (3 mmol, 1.0 equiv) in cyclohexane was added ethylene
glycol (6 mmol, 2.0 equiv) followed by TsOH (60 pmol, 0.02 equiv). The mixture was aged for 8§ h

at reflux. After cooled to room temperature the organic solvent was removed in vacuo, and the
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residue was purified by column chromatography (silica gel, hexane: ethyl acetate = 20:1) to give S1
(489 mg, 81%) as a colorless oil. 'H NMR (400MHz, CDCl5): & 0.92(t, 3H, J=6.0 Hz), 1.25(t, 3H,
J=8.0 Hz), 1.41(m, 2H), 1.77(m, 2H), 2.63(s, 2H), 3.92~4.01(m, 4H), 4.14(q, 2H, J=8.0 Hz).

To a solution of S1 (1 mmol, 1.0 equiv) in THF (3 mL)-H,O (1 mL) was added lithium hydroxide
mono hydrate (4 mmol, 4.0 equiv). The reaction mixture was stirred at room temperature for 8 h, and
removed the organic solvent. Then the solution was acidified with 1 M HCI and extracted three times
with EtOAc. The combined organic layers were washed with brine, dried over NaSQy, filtered and
concentrated in vacuo to provide S2 (164 mg, 95%) as a colorless oil. "H NMR (400 MHz, CDCls):
8 0.93(t, 3H, J=8.0 Hz), 1.42(m, 2H), 1.79(m, 2H), 2.70(s, 2H), 3.97~4.05(m, 4H), 9.22(brs, 1H); *C
NMR (100 MHz, CDCls): 6 14.24, 16.95, 39.88, 42.50, 65.23, 65.23, 109.36, 174.84.

The synthesis of S3 from S2 (3.6 mg, 1.6 equiv) was carried out as the procedure described above
for the synthesis of 1-CoA. The product S3 (9 mg) was obtained as a white solid. ESI-MS [M+H]":
calcd 934.2, and found 934.5.

To a solution of S3 (3 mg) in THF (100 pL)-Acetone (100 uL) was added TsOH (1 mg) followed
by 1 M HCI (50 puL). The reaction mixture was static at room temperature for 48 h. Then the desired
product was purified by HPLC using the same procedure described for the purification of 1-CoA.
Finally, 2-CoA (1.5 mg) was obtained. ESI-MS [M+H]": calcd 890.2, and found 890.4.

1.7.3 Synthesis of compound 5°

OH NaBrOs, NaHSO; O
OH > OH
AAC H,O/CH5CN A~
5

To a solution of NaBrO; (12 mmol) in water (6 mL) was added the diols (5 mmol) in acetonitrile
(10 mL) followed by the dropwise addition of a solution of NaHSOs (12 mmol) in water (12 mL)
over a period of about 25 min. The mixture was then stirred at room temperature for 4 h. The
reaction mixture was poured into 50 mL of ether. After separation of the organic phase, the aqueous
layer was extracted twice with ether. The combined organic layer was washed with anhydrous
Na»S,03 solution and dried over Na,SOy4. After filtration, the ether was removed in vacuum, and the
residue was purified by column chromatography (silica gel, hexane: ethyl acetate = 10:1) to give 5
(420 mg, 82%) as a colorless oil. '"H NMR (400MHz, CDCls): & 0.92(t, 3H, J=6.0 Hz), 1.59~1.69(m,
2H), 2.36(t, 2H, J=6.0Hz), 3.24(brs, 1H), 4.21(s, 2H).

1.7.4 Synthesis of SNAC derivatives.
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OH O OH O H
WOH /\/é\)J\S/\/N\H/ 1-SNAC
0O

or o

O EDCI, DMAP H
/\/\)J\OH HSNAC S/\/NW/ 3-SNAC
CHQC'z, r.t. (@]

or

0]

4-dimethylaminopyridine (0.3 mmol, 0.3 equiv) was added into the mixture of free acid (1.0 mmol,
1.0 equiv), N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (1.2 mmol, 1.2 equiv)
and N-acetylcysteamine (1.2 mmol, 1.2 equiv) in CH,Cl, (15 mL), followed by stirring at room
temperature for 24 h, washing with 1 N HCI (1 x 10 mL), brine (2 x 10 mL), and dried (Na,SO,).
After filtered, the solvent was removed at reduced pressure, and the residue was purified by flash
column chromatography over silica gel (chloroform/methanol: 80/1) to afford the desired SNAC
derivatives. The corresponding products were confirmed by ESI-MS and 'H NMR analysis.
1-SNAC: ESI-MS [M+Na]" 256.2; '"H NMR (400MHz, CDCl5): & 0.89 (t, 3H, J=6.4 Hz), 1.29~1.50
(m, 4H), 1.92 (s, 3H), 2.61~2.72 (m, 2H), 2.94~3.05 (m, 2H), 3.15 (brs, 1H), 3.36~3.41 (m, 2H),
4.03 (m, 1H), 6.36 (brs, 1H). 3-SNAC: ESI-MS [M+Na]" 240.2; '"H NMR (400MHz, CDCl5): & 0.87
(t, 3H, J=6.8 Hz),1.29 (m, 4H), 1.61~1.68 (m, 2H), 1.95 (s, 3H), 2.55 (t, 2H, J=7.6 Hz), 3.00 (t, 2H,
J=7.6 Hz), 3.41 (q, 2H, J=6.0 Hz), 5.98 (brs, 1H). 4-SNAC: ESI-MS [M+Na]" 238.1; 'H NMR
(400MHz, CDCls): 6 0.90 (t, 3H, J=7.2 Hz), 1.42~1.51 (m, 2H), 1.93 (s, 3H), 2.15 (q, 2H, J=7.2 Hz),
3.05 (t, 2H, J=6.4 Hz), 3.41 (q, 2H, J=6.0 Hz), 6.08 (d, 1H, J=15.2 Hz), 6.22 (brs, 1H), 6.88 (dt, 1H,
J1=15.2 Hz, J,=7.2 Hz).

1.8 Detailed information of the BVMOs shown in Figure 3 in the text.

ACMO, acetone monooxygenase from Gordonia sp. TY-5 (GeneBank: BAF43791.1); Auf] from
Stigmatella aurantiaca DW4/3-1 (ADO72994.1); BVMO bt from Burkholderia thailandensis
MSMBA43 (ZP_02468377.1); BVMO KT2440 from Pseudomonas putida KT2440 (NP_744949.1);
BVMO mekA from Pseudomonas veronii MEK700 (ABI15711.1); BVMO Pf from Pseudomonas
fluorescens DSM 50106 (AAC36351.2); BVMO Mtb5 (Rv3049c) and BVMO EtaA (Rv3854c) are
from Mycobacterium tuberculosis H37Rv genome; Camp from Pseudomonas putida (AAR21560.1);
CDMO, cyclododecanone monooxygenase from Rhodococcus ruber strain SC1 (AAL14233.1);
ChIE1 from Streptomyces antibioticus (AAZ77692.1); CHMO 9871, cyclohexanone monooxygenase
from Acinetobacter sp. strain NCIMB 9871 (BAA86293.1); CHMO Arthr from Arthrobacter sp.
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BP2 (AAN37479.1); CHMO Branch from Brachymonas petroleovorans (AAR99068.1); CHMO
Brevl and CHMO Brev2 from Brevibacterium sp. HCU (AAGO01289.1 and AAGO01290.1,
respectively); CHMO Rhodol from Rhodococcus sp. Phil (AAN37494.1); CHMO Xantho from
Xanthobacter flavus (CADI10801.1); CmmOIV from Streptomyces griseus subsp. griseus
(CAE17536.1); CPMO, cyclopentanone monooxygenase from Comamonas sp. NCIMB 9872
(BAC22652.1); DKCMO, diketocamphane monooxygenase from Pseudomonas putida
(AEZ35247.1); GilO1 from Streptomyces griseoflavus (AAP69582.1); GrhO6 from Streptomyces sp.
JP95 (AAM33673.1); HAMPO ACB, 4-hydroxyacetophenone monooxygenase from Pseudomonas
fluorescens (AAKS54073.1); MtmOIV from S. argillaceus (3FMW_A); PAMO, phenylacetone
monooxygenase from Thermobifida fusca strain YX (AAZ55526.1); PedG from symbiont bacterium
of Paederus fuscipes (AAS47561.1); PenE from Streptomyces exfoliatus (ADO85591.1); PntE from
Streptomyces arenae (ADO85575.1); PtIE from Streptomyces avermitilis MA-4680 (BAC70705.1);
RubN from Streptomyces collinus (AAM97364.1); ScMO, putative monooxygenase from S.
coelicolor A3(2), (CAB55657.1); SMO, steroid monooxygenase from R. rhodochrous strain IFO
3338 (AB010439.1).
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. Supplemental Tables and Figures.

Table S1. PCR primers with restriction sites

Oligonucleotide primers

Sequence (Restriction site in bold)

FROH-Ox-For with Xba I/ Nde I 5’-ATATTCTAGA CATATGGCCGGCGCGCCGCGLCCCG-3’

FR9H-Ox-Rev with Hind I1I 5’-ATATAAGCTTGTCGTCCTGTTTCGTCAAGGCG-3’

FROI-ACP;-For with ECORT/NdeI | 5’-ATATGAATTC CATATGGAACGTCCCGTCGCTCGCGC-3’

FRII-ACP;-Rev with Hind III / Xho I | 5’-ATATAAGCTTACTCGAGTTCGTCCGGTCGCGCGGCTC-3’

Table S2. Q-TOF MS analysis of apo-, holo-, and acyl-S-ACPs

MS data
ACPs
calcd (Da) found (Da)
apo-FRII-ACP, 12763.2 12763.7
holo-FRII-ACP, 13103.5 13104.0
OH O
13217.7 13218.1
S—ACP (1-FRII-ACP))
OH
/\)VO\[(S‘ACP 13233.7 13234.0
O (1-FRII-ACP,-P)
O O
PP .. 13215.7 13216.0
S—ACP (2-FRII-ACP))
o)
/\)J\/O\H/S‘ACP 13231.7 13232.3
0 (2-FROI-ACP;-P)
o)
PPN 13201.7 13202.3
S—ACP (3.FR9I-ACP))
~~_O_S-ACP
hig 13217.7 13218.0
O (3-FRII-ACP, -P)
o)
PN 13199.7 13200.1
S—ACP (4-FR9I-ACP))
/\/\/O S—ACP
\ﬂ/ 13215.7 not detected
O (4-FRII-ACP,-P)
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Figure S1. SDS-PAGE analysis of purified FR9H-Ox (A) and FR9I-ACP; (B). Lane M,
molecular weight marker; lane 1, purified protein. The recombinant N-terminal Hise-tagged
FRO9H-Ox consists of 632 amino acids, which is predicted to have the molecular mass of 70.7 kDa.
And the recombinant C-terminal Hise-tagged FRII-ACP; consists of 112 amino acids, which is

predicted to have the molecular mass of 12.6 kDa.

A B
KDa M 1 KDa M 1
116 — =
116 — w= _ |
FROH-Ox 66— .
66— " s |- 45— et
70.7 KDa
35—
45— -
35— - 25 — -—
y 18 —
25 —| - 14 —
FRII-ACP,
18_ — -
12.6 KDa
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Figure S2. UV-Vis spectroscopy of FR9H-Ox (A, 50 pM) and HPLC analysis of FR9H-Ox
containing cofactor with authentic standards (B). FAD (I), FMN (II) and cofactor released from
boiled FROH-Ox (III).

A
+0.11 444
376
2 0.0
-0.1 T T T T T
350 450 550
A (nm)
mAU at 450 nm
80— '
FAD
0
80— Il
FMN
0
80 11}
O .nv P
T [ I [ I I | [

|
0 5 10 15 20  time (min)
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Figure S3. Analysis of FR9H-Ox reactions with 2-FR9I-ACP;. (A) HPLC analysis of
2-FRII-ACP; (I); FRO9H-Ox (II); reaction mixtures of FROH-Ox with 2-FR9I-ACP; in the absence of
NADPH (III, control), and in the presence of NADPH at different time (IV, 30 min; V, 60 min). (B)
Q-TOF-MS data of 2-FRII-ACP; (I) and 2-FR9I-ACP;-P (II). (C) GC-MS data of small molecule
compound extracted from the hydrolysis solution of reaction mixtures in the presence of NADPH (II)
with authentic standard of 1-hydroxypentan-2-one (compound 5, I). (D) Proposed reaction catalyzed
by FRO9H-Ox with model substrate 2-FROI-ACP;.

A 2-FRII-ACP, B

Sfp apo-FROIACP; _ | 2-FROI-ACP; (calcd. 13215.7)
| 5 ! | 13216.0

1]
2-FR9I-ACP;-P (calcd. 13231.7)

: ! 13232.3
- E w

' ' ' ' ' ' 12800 12900 13000 13100 13200 13300

14 16 18 20
Time (min) Counts vs. Deconvoluted Mass (Da)
ethyl acetate MS data
| e | 432 71.2
authentic 31
J_J standard | ']"“ 1?2.1
L At L. X
: MS data

1| | 432 71.2

| J‘ 31‘1 102.1

L P L Ll oA |
T T T T T T T T T T T
5 7 9 11 13 15 30 70 110 150 190

Time (min) m/z
D ACP,
ach FR9H-Ox $
g S HO
S /Eo hydrolysis
o > o} o
FAD, NADPH
O o
1-hydroxypentan-2-one
®)
2-FR9I-ACP, 2-FR9I-ACP4-P
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Figure S4. Analysis of FR9H-Ox reactions with 3-FR9I-ACP;. (A) HPLC analysis of
3-FRIOI-ACP; (I); FROH-Ox (II); reaction mixtures of FROH-Ox with 3-FR9I-ACP; in the absence of
NADPH (III, control), and in the presence of NADPH at different time (IV, 30 min; V, 60 min). (B)
Q-TOF-MS data of 3-FRII-ACP; (I) and 3-FR9I-ACP;-P (II). (C) GC-MS data of small molecule
compound extracted from the hydrolysis solution of reaction mixtures in the presence of NADPH (II)
with authentic standard of pentan-1-ol (I). (D) Proposed reaction catalyzed by FROH-Ox with model

substrate 3-FROI-ACP;.

A 3-FROI-ACP, B
3-FROI-ACP; (calcd. 13201.7)

; : | 13202.3
N i
| ! FR9H-OX\:N
' . 3-FR9I-ACP;-P (calcd. 13217.7)
13218.0

\Y ;
4/1¥
E 3-FROI-ACP;-P
V , __/A/'JL
I

|
' ' ! 12800 12900 13000 13100 13200 13300

14
T|me (min) Counts vs. Deconvoluted Mass (Da)
C ethyl acetate MS dat 4r> 552
| aa ' 70.2
authentic 31.1
standard ‘ | ‘ H |
42,2 55.1
MS data 70.1
I ]
31.1
extracted ‘ | ‘ H
A || T |
2 4 6 8 10 12 14 30 50 70 90
Time (min) m/z
D ACP)
ACP,
FROH-Ox $
§ S HO
S @ >:o hydrolysis
O ! o —_—
FAD, NADPH
pentan-1-ol
3-FRII-ACP; 3-FROI-ACP;-P
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Figure S5. Analysis of FR9H-Ox reactions with 4-FR9I-ACP;. (A) HPLC analysis of
4-FRII-ACP, (I); FROH-Ox (II); reaction mixtures of FROH-Ox with 4-FR9I-ACP; in the absence of
NADPH (III, control), and in the presence of NADPH at different time (IV, 30 min; V, 60 min). (B)
Q-TOF-MS data of 4-FR9I-ACP; (I) and 4-FR9I-ACP,-P (II, not detected). (C) GC-MS data of
small molecule compound extracted from the hydrolysis solution of reaction mixtures in the
presence of NADPH (II) with authentic standard of pentanal (I). (D) Proposed reaction catalyzed by
FRI9H-Ox with model substrate 4-FROI-ACP;.

A 4-FRII-ACP, B

Sfp . 4-FR9I-ACP; (calcd. 13199.7)
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Figure S6. HPL.C analysis of FRO9H-Ox-catalyzed reactions with different SNAC substrates. (A)

1-SNAC; (B) 3-SNAC; (C) 4-SNAC. (i), reaction mixture; (ii) negative control; (o), substrates. No

corresponding BV oxidation products were detected. These results indicated that FROH-Ox couldn’t

catalyze the BV oxidation of these SNAC substrates and suggested that the recognition between

FR9H-Ox and ACP domain was very important for the catalysis.
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Figure S7. MS data of the products from whole-cell biotransformation assays. (A) MS data of
the product from whole-cell biotransformation with cyclobutanone. (B) MS data of the product from

whole-cell biotransformation with cyclohexanone.
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Figure S8. Multiple sequence alignment of FR9H-Ox and its homologs. BVMO _bt, putative

Baeyer-Villiger monooxygenase from Burkholderia thailandensis MSMB43 (GeneBank:
ZP 02468377.1); BVMO EtaA (Rv3854c) from Mycobacterium tuberculosis H37Rv genome;
BVMO KT2440 from Pseudomonas putida KT2440 (NP_744949.1); CHMO 9871, cyclohexanone
monooxygenase from Acinetobacter sp. strain NCIMB 9871 (BAA86293.1); CHMO Brevl and
from Brevibacterium sp. HCU (AAGO01289.1); CHMO_ Rhodol from Rhodococcus sp. Phil
(AAN37494.1); CPMO, cyclopentanone monooxygenase from Comamonas sp. NCIMB 9872

(BAC22652.1); PedG from symbiont bacterium of Paederus fuscipes (AAS47561.1);
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