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Figure S1. Pyridine hemochrome difference spectrum of BAMF2522 (A). Spectra are shown for the oxidized (dotted line)
and reduced (solid line) forms. Oxidized sample in yellow color and reduced sample in a reddish color (B).

Table S1. Primers used for site-directed mutagenesis of BAMF2522.

Target sites Oligonucleotide sequences

1266F F:5'CTATCAAATCATTACCTTTTTGTTTGCGGGGCATGAAACCACAAGCG
3
R:5'CGCTTGTGGTTTCATGCCCCGCAAACAAAAAGGTAATGATTTGATAG
3

N72S F: 5 GAAAAGCGATTTGATAAAAGCCTCAGCAAAGCCTTGCTG 3'
R: 5' CAGCAAGGCTTTGCTGAGGCTTTTATCAAATCGCTTTTC 3'

M187T F: 5 GCTGCAGGAGGCAACCCGCCAATCACAGAG 3'
R:5' CTCTGTGATTGGCGGGTTGCCTCCTGCAGC 3'

V218A F: 5 GTGATGAATGAACTCGCGGACCGGATTATTGCTG 3'
R: 5' CAGCAATAATCCGGTCCGCGAGTTCATTCATCAC 3'

M240L F: 5 GACCTTTTAGCATTGCTGCTTGAAGCGAAAG 3'
R: 5' CTTTCGCTTCAAGCAGCAATGCTAAAAGGTC 3'

S47R F :5 GAGACGAAGACCCCGACACGGCTCGGAAATTCAAAACG 3
R: 5'CGTTTTGAATTTCCGAGCCGTGTCGGGGTCTTCGTCTC3'

F51Y F :5' CGCGGCCTGAGACATAGACCCCGACACG3
R: 5'CGTGTCGGGGTCTATGTCTCAGGCCGCG3'

F89V F: 5GAGTCCAGCTCGTAACTAGTCCGTCACCGCC3'
R: 5'GGCGGTGACGGACTAGTTACGAGCTGGACTCC3'

F891 F:5'GCGGTGACGGACTAATTACGAGCTGGACS'
R:5'GTCCAGCTCGTAATTAGTCCGTCACCGC3

A331V F: 5 GCTGTATCCGACTGTGCCGGCATTTTCCCTG 3'
R: 5 CAGGGAAAATGCCGGCACAGTCGGATACAGC 3'




Catalysts 2021, 11, 665 30f33
Table S2. Numerical data for temperature dependence experiments.
Temperature (C) 10 15 20 25 35 40 45 50 60 70
Relative activity (%) 49.3+0.3 | 57.0£0.4 | 80.1x0.2 | 77.2+0.0 | 100.0+1.0 | 62.8+0.5 | 68.7x0.1 | 66.5+0.6 | 66.1+0.2 | 48.3+0.6 3.7+0.1
Table S3. Numerical data for pH dependence experiments.
Buffer Acetate-Acetic Acid
pH 5.0 5.5
Relative ac- 21+0.1 24+0.0
tivity (%)
Buffer Na:HPO:-NaH2PO4
pH 6.0 6.5 7.0 7.5 8
Relative ac- 181+03 | 58.1+£0.2 | 656.3+0.0 | 685+0.6 | 68.9+04
tivity (%)
Buffer Tris-HCl
pH 7.1 7.5 8.0 8.5 8.9
Relativeac- | 72.6+0.0 | 920+03 | 76.6+0.2 | 60.3+0.5 | 25.9+0.7
tivity (%)
Buffer Glycine-NaOH
pH 8.6 9.5 10.0 10.6
Relative ac- | 41.8+0.3 9.8+0.2 74+0.2 47 +0.2
tivity (%)
Buffer MOPS
pH 6.5 7.0 7.5 8.0
Relative ac- 153+0.1 | 847+14 | 869+0.7 | 78.6+0.8
tivity (%)
Buffer HEPES
pH 7 7.6 8.0
Relative ac- 100 = 0.6 955+13 | 71.9+0.0
tivity (%)
Table S4. Numerical data for thermostability measurements.
Temperature (C) 4 20 30 40 50 60 70
Relative activity (%) | 92.0+0.3 96.9+0.4 98.6 +0.1 100.0+1.0 0 0 0

Table S5. Total conversion levels and regioselectivity data for the hydroxylation of different substrates by wild-type and
rational design mutants of BAMF2522. The data were analyzed by GC-MS.

Mutation codes of multi-site mutants with respect to the wild type BAMF2522:

R31: A331V/ F89I/ N725/M187T

R41: A331V/ F891/ N725/M187T/ V218 A/M240L

RY5: A331V/F891/ S49R/F53Y

C12:0 | |

Product distribution (%)
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Conversion w-5 w-4 w-3 w-2 w-1
WTBA2522 9.8+0.1 1.3+05 1.7+0.6 40+5 40+5 17+1
F89V 4.9+0.7 12+1 8.3+03 49+1 21+0 9+1
F891 0.4+ 0.2 - - 50+3 22+7 29+4
1266F 1.1+ 0.0 - - 19+6 49+3 32+9
A331V 6.0£0.5 - 1.8+0.1 29+1 39+1 30+1
R31 3.0£0.4 8+2 18+0 22+3 40+10 12+5
R41 1.6+0.1 18 +4 19+1 36+3 13+2 13+3
RY5 1.2+0.2 10+1 14+7 34+1 15+1 27 +6
F891/ A331V 4.1+0.0 7+1 13+2 36+1 18+1 27 +1
C14:0 Product distribution (%)
Conversion(%) | w-7 w-6 w-5 w-4 w-3 w-2 w-1
WTBA2522 28.2+0.4 1.7+0.2 05+03 21+0.6 9+1 46 +1 328+0.1 | 83+05
F89V 28.6+6.8 35+1 10+1 19+2 15+2 12+1 7+1 3+1
F891 2.6x0.2 16+3 12+2 35+4 13+2 13+4 6+2 6.2+02
1266F 7.1+0.4 - - 29+0.6 35+09 24+3 53+1 17 £3.0
A331V 3.5+0.8 - - 6.3+3.7 10+0 360 22+2 26+1
A331V/F891 19.3+4.1 17+0 6+1 29+3 20+1 10+3 44+15 13+1
R31 5.7+0.4 32+8 12+1 26+2 20+5 11+3 <1.0 <1.0
R41 8.7+1.2 36+2 10+4 30+4 17 +2 8+1 <1.0 <1.0
RY5 42429 12+2 7+0 28+5 15+3 14+3 9+1 16+1
C15:0! Product distribution (%)
Conversion (%) | w-8 w-7 w-6 w-5 w-4 w-3 w-2 w-1
WTBA2522 | 53 - 92 2 6 19 61 3
F89V 67 3 12+4 <2 <2 3 80 <2
F891 39 5 9 2 <2 4 76 <2
A331V 35 - 6 3 2 7 76 6
R31 41 5 3 <2 <1 <1 89 <1
RY5 39 7 6 2 2 4 73 6
R41 61 5 9 <1 <1 <2 81 <1
1266F 40 - 9 <2 <1 2 84 3
A331V/F891 | 48 6 13+4 3 3 3 65 7

Due to the overlap of an impurity peak (observed only with whole cell assays) with w-2 peak, the percentages reported

here for C15:0 are broad estimates. Thus, w-2 ratio is most probably overestimated due to ambiguity of peak areas,

leading to lower ratios than actual values for other products.

?In our earlier study, w-7 product had not been detected for the wild-type enzyme (Ref. 36 in the main text). In this

study, w-7 product has also been detected eluting together with w-6 product (Fig. S7).
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1266F

C16:0 Product distribution (%)
Conversion | w-9 w-8 w-7 w-6 w-5 w-4 w-3 w-2 w-1
(%)

WTBAMF2522 | 14.2 0.6 - - 20.2£3.2 9.3+2.5 7.6 +1.3 10.0 0.2 19.0+0.8 | 24402 9.50.1
F891 14.0+3.3 70.9 +0.4 7.3+0.1 3.00.1 2.3 0.0 2.1+0.4 5.1 0.6 9.3+0.9
A331V 28.5+2.2 - - 24.4+1.1 8.7+1.3 72+0.3 3.8+0.4 8.9 +0.6 20.0£0.1 26.9 +0.4
R31 53+1.1 77.1+2.2 7.2 +0.7 2.4 +0.6 2.10.1 1.2+0.1 5.6 +0.3 45+0.4
R41 7.1+0.7 83.6 +0.6 5.7 0.7 2.1+0.5 14+0.1 1.3+0.2 1.3+0.2 44+0.8
RY5 10.1+1.1 48.3 1.2 6.3 0.2 4.0+0.9 6.0 0.1 6.5 0.6 11.1+1.3 17.8 1.0
1266F 4.6 0.0 - - 17.5£2.1 9.6+1.2 49+0.1 2.4 04 34102 38.0+0.9 24.2 +0.5

A331V/F891 8.3+0.7 48.8 +2.2 5.2+0.8 3.4+0.5 2.4 +0.1 29+0.2 8.50.1 28.9 0.4

C18:0 Product distribution (%)

Conversion (%) w-3 w-2 w-1

WTBA2522 5.5 0.5 24 +6 50+2 26 +5

F891 - - - -

F89V - - - -

A331V 53+04 23+0 29+4 48+3

A331V/F891 - - - -

R31 - - - -

R41 - - - -

RY5 20 0.5 52+7 22+7 26+0

1266F - - - -

C20:0 Product distribution (%)

Conversion (%) w-5 w-4 w-3 w-2 w-1

WTBA2522 27+04 - 52+0 37+1 11+1

F891 - - - - - -

F89V - - - - - -

A331V 81+15 9+3 11+1 21+1 27 +1 31+2

R31 - - - - - -

R41 - - - - - -

RY5 - - - - - -

F89I/A328V - - - - - -
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Figure S2. Sequence alignment of BM3 and BAMF2522. The mutation positions are highlighted. Sequence alignments were
performed by ClustalW; BM3 structure (PDB:1FAG ) was used to display the secondary structure and ENDscript website
was used for plotting the sequence alignment results (Robert, X. and P. Gouet, Deciphering key features in protein struc-
tures with the new ENDscript server. Nucleic Acids Res, 2014. 42(Web Server issue): p. W320-4).

Figure S3. Structure of wild-type BM3 (pdb id: 1IFAG). The residue positions corresponding to mutations performed on
BAMF2522 in this study are indicated in magenta color (Table S9). Iron is shown in orange. The residue numbering is
according to BM3 sequence.
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Table S6. Comparison of the mutated residue positions in the protein sequences of BM3 and BAMF2522.

BM3 BAMF2522
R47 549
Y51 F53

N70S N72
F87 F&9

M185 M187

V216 V218

M237 M240
1263 1266

A328 A331

2 M(kDa)

180
130

100
70
55

A B

Figure S4. SDS-PAGE analysis the purified BAMF2522 (A), and the color of the protein elution fractions in the collection
tube (B). In (A), lane M is protein marker, lane 1 is purified BAMF2522.
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Figure S5. SDS-PAGE analysis the whole cell protein expression. Lane M: protein marker, Lanel: BAMF2522, Lane2: RY5,
Lane3: BAMF2522 1266F, Lane4: BAMF2522 A331V, Lane5: BAMF2522 A331V/F89], Lane6: BAMF2522 F89I, Lane7: R31,

Lane8: R41.

Figure S6. Typical GC-MS analysis chromatograms of the derivatized whole-cell oxidation turnovers of BAMF2522 and

some variants with dodecanoic, tetradecanoic, pentadecanoic, palmitic, octadecanoic, arachidic and oleic acids.

A: Dodecanoic acid (C12:0)

a: C12:0 + WT BAMF 2522
RT 8231467 -
NL:
5698
35 oms
BA1+C12-1
3.0
1334
28] -1
§
€209
2
£
-4
1.0
i 829 B8 571 904 931 533 9.80 1000 10.11 1018 1073 1093 1128 1130 1157 1159 "
0. T T T

LA AL B S S S S B S S B S S B DL B B B S B B B B B S B B S S B S B S B T L B e e
85 9.0 95 10.0 105 1.0 15 120 125 130 135 140 145

b: C12:0 + BAMF 2522 R31

Relative Abundance

RT: 8.26-15.19 i

NL:
B21E8
m NS
RIWHOLE
CELL+C12

1335
123 397




Catalysts 2021, 11, 665

9 of 33

c: C12:0 + BAMF2522 R41

RT: 8.12-17.09
Viees
30 ic 1S
R41+C12
28]
203
1
§ 18]
g 1o 16,79
”'f\,\.l . 1089 1073 ot
0.0 —
17.0
B: Tetradecanoic acid (C14:0)
a: C14:0 + WT BAMEF2522
RT: 1753-2207 i
NI
120 :;6157
Ms
103 BA1+C14-1
1004 L
%03
g e0d
E 703
2 60 -6 -1
£ sl o-7 -5
L
304
20 2024 2025 2098 2100 21,01
103 L6 29 g0 o, 73 2185 2194
0-
e | 1e 180 182 184 186 188 190 192 194 196 198 200 202 204 206 208 210 212 214 216 218 220
Time (min)
b:C14:0 + BAMEF2522 F89V
RT:17.41-2274 N a
B.14E7
160 C us
2522789+
140 C14-1
120
2
2100
)
5
2 &0
40
20 V20 AT 5108 297 pas n7s
! 175 180 185 150 195 200 205 210 215 20 2s
Time (min)
c: C14:0 + BAMF2522 F891
RT. 17.41- 2160 @
N
110 Sioe7
100 1 ;:;_2’2?9)*
203 c14-141

ﬂa
Tut
8
5
2
L=

-1
®-3

Relative Abundance
5 2 3
faaly o f
-—
=
2
s
S
‘;\
s
8

2083 2085 2087

1927 1962 2094 2126 2128 2143

176 178 180 182 184 186 188 190 192 194 196 198 200 202 204 208 208 210 212 214 216
Time (min)




Catalysts 2021, 11, 665

d: C14:0 + BAMF2522 R31

RT: 17.55-22.30

Relative Abundance

N
B.06E7
TC us
R31+

Clays

2147
2146 21,50 21.84 21.90 222 27

T

178

T T T T
178 18.0 182 184

e: C14:0 + BAMF2522 R41

RT: 17.56 - 21.93

19.95 19.57

19.62

T
20

T T T LR
210 212 214 218 218 22

@
NL
B.STET

mc MS
Re1+C14

AN 2136 2140 2184 2183

T T T
196 198 200

Time (min)

C: Pentadecanoic acid (C15:0)

a: C15:0 + WT BAMEF2522

RT: 15.33-27.75
1745

2319

s 3

Relative Abundance

N

7.50E7

TC MS
BA1+C15-3

o-1

2360 2399 2433

2475 2508 2563 53

24 5 %

b:C15:0+BA2522 F89V

RT: 18.81-27.84

215

®-2

Relative Abundance

2383

MOV 526 B160 2027 2451

©

NL

1698

TC MS
2522F80V+
c151

26.88

2484

2498 2529 2571 2626 2639

T T T
210 240 245

T T T
250 25 260 %5 270 215




Catalysts 2021, 11, 665

11 0f 33

c: C15:0 + BAMF2522 A331V/F891

RT: 18.71 - 28.53

@
NL:
1.22€8
60-] Tic M
25220331
VFEgte
50 c151
.
g‘ﬂ—
gan-
i ]
3
%20
10
1887 1952 1974 I 2407 2473 2480 2573 2579 26.41 26.77
190 19‘ 5 275 Zﬂ‘ 0 28‘ 5
D: Palmitic acid (C16:0)
a: C16:0+ WT BAMEF2522
RT:23.39-2875
NL
=
-7 BA1-C16-1
160 [\
140
1203
1005
2 o]
g o] 2398 2299
2712 27.79 2781
40 2175
27.39 S
20 27243
25 240 25 250 255 20 %5 270 275 280 25
Time (min)
b: C16:0+BAMF2522 A331V
RT: 23632861 )
NL:
5.5268
1003 mc us
ANV
%03
303
8 703
g 503
2
e
3«
303
20
103 2596 2607 2637 2661 2812 2820 28%
240 25 250 55 20 %5 270 275 280 55
Time (min)

c: C16:0+BAMF2522 F89I'

RT: 23.57-27.76

Relative Abundance

T T T T T T T T T T T T T T
236 238 240 242 244 246 248 250 252 254 256 258 26.0 262 264 266 2638 270 272 274 276




Catalysts 2021, 11, 665 12 of 33

The peak at 24.18 min is a contaminant peak and was not taken into account in calculating the [w-9 + w-8 + w-7] total
peak area. For the calculation of peak areas in the case of overlapping peaks, either perpendicular drop method was
used or non-overlapping half of the peak was multiplied by 2 (considering symmetric peak shape, as is the case for most

peaks), depending on resolution and relative intensities of the peaks.
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The peak at 24.18 min is a contaminant peak and was not taken into account in calculating the [w-9 + w-8 + w-7] total
peak area. For the calculation of peak areas in the case of overlapping peaks, either perpendicular drop method was
used or non-overlapping half of the peak was multiplied by 2 (considering symmetric peak shape, as is the case for most

peaks), depending on resolution and relative intensities of the peaks.
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The peak at 24.10 min is a contaminant peak and was not taken into account in calculating the [w-9 + w-8 + w-7] total
peak area. For the calculation of peak areas in the case of overlapping peaks, either perpendicular drop method was
used or non-overlapping half of the peak was multiplied by 2 (considering symmetric peak shape, as is the case for most

peaks), depending on resolution and relative intensities of the peaks.
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The peak at 24.12 min is a contaminant peak and was not taken into account in calculating the [w-9 + w-8 + w-7] total
peak area. For the calculation of peak areas in the case of overlapping peaks, either perpendicular drop method was
used or non-overlapping half of the peak was multiplied by 2 (considering symmetric peak shape, as is the case for most
peaks), depending on resolution and relative intensities of the peaks.
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IThe peak at 24.14 min is a contaminant peak and was not taken into account in calculating the [w-9 + w-8 + w-7] total
peak area. For the calculation of peak areas in the case of overlapping peaks, either perpendicular drop method was
used or non-overlapping half of the peak was multiplied by 2 (considering symmetric peak shape, as is the case for most

peaks), depending on resolution and relative intensities of the peaks.
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Figure S7. Mass spectra and fragmentation patterns for the HFA products obtained from enzymatic transformations in

this study.
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C12+BA2-1#2890-2920 RT: 13.88-13.99 AV: 31 NL: 1.28E6
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BA1+C12-3 #2640-2659 RT: 12.94-13.01 AV: 20 NL: 1.82E5
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Products from tetradecanoic acid (C14:0)

C14+BA2-1 #4544-4576 RT: 20.11-20.23 AV: 33 NL: 2.35E6
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C14+BA2-1 #4200-4228 RT: 18.81-18.92 AV: 29 NL: 1.98E6
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BA1-C14-2 #4011-4039 RT: 18.10-18.21 AV: 29 NL: 3.82E5
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2522F89V+C14-1 #3896-3927
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C15+BA2-1 #5305-5335 RT: 22.98-23.09 AV: 31 NL: 3.71E6
T: + ¢ Full ms [30.00-600.00]
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C15+BA2-1 #4932 RT: 21.57 AV:1 NL: 1.35E5
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BA1+C15-3 #4806 RT: 21.09 AV:1 NL: 7.92E5
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2522F89HC15-1-1 #4693 RT: 20.67 AV: 1 NL: 1.04E6
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Cc16+BA2-2 #6229-6267 RT: 26.45-26.60 AV: 39 NL: 3.93E6
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BA1-F89I-20H-1 #5898 RT: 25.26 AV:1 NL: 9.91E6
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BA1-F89I-20H-1 #5740 RT: 24.65 AV:1 NL: 1.19E7
T: + ¢ Full ms [30.00-600.00]
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Palmitic -6, RT: 24.92 min

BA1-F89F20H-1 #5708 RT: 24.52 AV: 1 NL: 4.25E7
T: + ¢ Full ms [30.00-600.00]
201.12

N
o
g

©
@

©
o

317.18

©
@

©
o

~
gl

~
o

72.96

o o
S o

4
a

IS
@

I
=]

a
=]
sl e b b b b e b b b b b b b s b s beaaa b

147.04
74.99

w
a

109.03
129.01

w
o

N
@

69.00 217.08

N
o

N
o

288.18

N
o

66.97
i 155.36
185.09 22711

237.18

o

o

T
350

T
400 450 500 550 600

201

385.28
401.31

535.19 576.62
ey T

“ ‘ 274.12
UUM“H“ " d‘\‘ \“ TR ‘\ Ik
ey

e st
250

‘ I d‘ \‘m ‘
il bl
200

il
bdep el
50 150

32638 35920 |
e et

350

|, 415.24 44451
1Attt i Maddsaass st
400 450

490.42
e
500

1
550 600



Catalysts 2021, 11, 665

28 of 33

Palmitic ®-7, RT: 24.52 min

BA1-F89I-20H-1 #5679 RT: 2441 AV:1 NL: 4.86E7
T: + ¢ Full ms [30.00-600.00]
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Palmitic ®-8, RT: 24.41 min

BA1-F89I-20H-1 #5648 RT: 24.29 AV:1 NL: 2.35E7
T: + ¢ Full ms [30.00-600.00]
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Palmitic ®-9, RT: 24.41 min.

Products from Octadecanoic acid (C18:0):

C18+BA2-1 #8442-8482 RT: 34.78-34.93 AV: 41 NL: 7.52E5
T: +cFulms [30 00 600 00]
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Octadecanoic ®-2, RT: 34.23 min

C18+BA2-1 #7905-7968 RT: 32.76-33.00 AV: 64 NL: 7.72E5
T: + ¢ Full ms [30.00-600.00]
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Products from Arachidic acid (C20:0)

2522A331V+C20-bu #11860-11995 RT: 47.66-48.16 AV: 136 NL: 8.68E5
T: + ¢ Full ms [30.00-600.00]
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Arachidic o-1, RT: 47.91 min

BA1-+C20-1#11611 RT: 46.72 AV:1 NL: 1.25E5
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Arachidic ®-2, RT: 46.72 min

BA1-+C20-1 #10990-11056 RT: 44.38-44.63 AV: 67 NL: 1.74E5
T: + ¢ Fullms [30.00-600.00]
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2522A331V+C20-LYS #10452-10570 RT: 42.35-42.80 AV: 119 NL: 3.14E5
T: + ¢ Full ms [30.00-600.00]
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Arachidic ®-5, RT: 42.55 min



