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Figure S1. (a) LC-MS analysis of AzoC in vitro reaction with methyl 5-aminopyrimidine-2-carboxylate (compound 2) as
the substrate. The molecular weight of the generated azoxy product is 318, which is in line with the theoretical value. (b)
LC-MS analysis of AzoC in vitro reaction with 2-methoxypyrimidin-5-amine (compound 3) as the substrate. The molecular
weight of the generated azoxy product is 262, which is in line with the theoretical value. All reactions were performed at
30 °C for overnight.
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Figure S2. (a) LC-MS analysis of AzoC in vitro reaction with 5-aminopyridine-2-carboxylic acid (compound 4) as the
substrate. The molecular weight of the generated azoxy product is 288, which is in line with the theoretical value. (b) LC-
MS analysis of AzoC in vitro reaction with methyl 5-aminopyridine-2-carboxylate (compound 5) as the substrate. The
molecular weight of the generated azoxy product is 316, which is in line with the theoretical value. (¢) LC-MS analysis of
AzoC in vitro reaction with 2-methoxy-5-aminopyridine (compound 6) as the substrate. The molecular weight of the
generated azoxy product is 260, which is in line with the theoretical value. All reactions were performed at 30 °C for

overnight.
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Figure S3. Sequence alignment of AzoC (an N-oxygenase; accession number: AKQ24642), AurF (an N-oxygenase;
accession number: CAE02601), and CmlI (an aryl amine oxidase; accession number: 5SHYH_A). Iron binding motifs were
marked in red. The AzoC mutants Q104R, Q111E, I199T were highlighted in blue, yellow and grey.

Substrate: 2-methoxypyrimidin-5-amine
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Figure S4. Comparison of the enzyme activity toward 2-methoxypyrimidine-5-amine between wild type AzoC and the
mutants L101V, A197S. All reactions were performed with purified protein at 30 °C for overnight in two parallel,
respectively. SD bars were shown in the figure.
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Figure S5. (a) Docking of 2-methoxypyrimidin-5-amine into wild type AzoC. The iron ions were shown as brown spheres.
The polar interaction with residues N202, Y94, T98 was not shown in the figure. The distance between the nitrogen atom
on the amino group of the substrate and Fe(I), Fe(Il) respectively were 5.7A and 4.5A. (b) Docking of 2-methoxypyrimidin-
5-amine into the mutant L101I/Q104R. The iron ions were shown as brown spheres. The polar interaction with residues
N202, T98 was not shown in the figure. The distance between the nitrogen atom on the amino group of the substrate and
Fe(I), Fe(Il) respectively were 4.3A and 3.1A.

Table S1. The activity of the mutation in or near active site.

Mutation Activity

E102A -
E137A -
E198A -
E229A -
H140A -
H225A -
H232A -
H140R -
H225R -
H232R -
E102D/E229D -
E102D/E137D -
E102D/E137D/E229D -

E102D/E137D/E198D/E229D

D136E -
D228E -

Note: “~” means “No activity”.
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Table S2. The activity of the crude cell lysate of the mutation in L101, V106, A197, S200, N202 and F266 toward
2-methoxypyrimidin-5-amine.

Mutation Activity

Negative control -
Wild type AzoC +
L101G -
L101A -
L101V +
L101M +
L1011 ++
L101S -
L101T +
L101C +
L101P -
L101N -
L101Q -
L101K -
L101R -
L101H -
L101D -
L101E -
L101F +
L101Y +
L101W -
V106G -
V106A -
V106L -
V106M +
V106I +
V1065 -
V106T +
V106C +
V106P -
V106N -




Molecules 2022, 27

6 of 12

V106Q
V106K
V106R
V106H
V106D
V106E
V106F
V106Y
V106W
A197G
A197V
A197L
A197M
A1971
A197S
A197T
A197C
A197P
A197N
A197Q
A197K
A197R
A197H
A197D
A197E
A197F
A197Y
A197W
5200G
5200V
S200L
S200M
52001
S200A

5200T
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5200C
5200P
S200N
5200Q
S200K
S200R
S200H
S200D
S200E
S200F
5200Y
S200W
N202G
N202V
N202L
N202M
N202I
N202A
N202T
N202C
N202P
N202S
N202Q
N202K
N202R
N202H
N202D
N202E
N202F
N202Y
N202W
F266G
F266V
F266L

F266M
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F2661 +
F266A -
F266T -
F266C -
F266P -
F2665 -
F266Q .
F266K -
F266R -
F266H -
F266D -
F266E -
F266N -
F266Y -

F266W -

Note: “+” means that the mutant has activity toward the substrate, but the peak area of the azoxy product is similar to or
smaller than that of wild type AzoC. “++” means that the mutant has activity toward the substrate, and the peak area of

the azoxy product is bigger than that of wild type AzoC. “~” means that the mutant has no activity toward the substrate.
“Negative control” is the crude cell lysate of Escherichia coli BL21(DE3) transformed by the plasmid harboring no target
gene.

Table S3. The activity of the crude cell lysate of Q104R, Q111E and I199T toward 2-methoxypyrimidin-5-
amine.

Mutation Activity

Negative control -

Wild type AzoC +
Q104R ++
QI11E -

1199T +

Note: “+” means that the mutant has activity toward the substrate, but the peak area of the azoxy product is
similar to or smaller than that of wild type AzoC. “++” means that the mutant has activity toward the
substrate, and the peak area of the azoxy product is bigger than that of wild type AzoC. “-” means that the
mutant has no activity toward the substrate. “Negative control” is the crude cell lysate of Escherichia coli
BL21(DE3) transformed by the plasmid harboring no target gene.
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Table S4. The primers for site-directed saturation mutation.

Name of primers

Sequence (5' to 3')

xy-101Ala-R
XY-101Ala-F
xy-101Gly-R
XY-101Gly-F
xy-101Val-R
XY-101Val-F
xy-101Ile-R
XY-101Ile-F
xy-101Ser-R
XY-101Ser-F
xy-101Cys-R
XY-101Cys-F
xy-101Lys-R
XY-101Lys-F
xy-101His-R
XY-101His-F
xy-101Glu-R
XY-101Glu-F
xy-101Phe-R
XY-101Phe-F
xy-101Tyr-R
XY-101Tyr-F
xy-101Trp-R
XY-101Trp-F
xy-101-R
XY-101-F
xy-106ILE-R
XY-106ILE-F
xy-106GLY-R
XY-106GLY-F
xy-106HIS-R
XY-106HIS-F
xy-106CYS-R
XY-106CYS-F
xy-106ALA-R
XY-106ALA-F
xy-106LEU-R
XY-106LEU-F
xy-106SER-R
XY-106SER-F
xy-106TRP-R
XY-106TRP-F
xy-106ASP-R
XY-106 ASP-F
xy-106PHE-R

cgcaccacggtgctgGCGgaggggcagategtc
gacgatctgcecctcCGCcageaccgtggtgcg
cgcaccacggtgcteGGGgaggggcagatcgtce
gacgatctgcecctcCCCcagcaccgtggtgeg
cgcaccacggtgctgGTGgaggggcagategtc
gacgatctgcccctcCACcageaccgtggtgeg
cgcaccacggtgctg ATCgaggggcagatcgtc
gacgatctgcecctcGATcagcaccgtggtgcg
cgcaccacggtegctgTCCgaggggcagatcgtc
gacgatctgcecctcGGAcagceaccgtggtgcg
cgcaccacggtgctgTGCgaggggcagatcgtc
gacgatctgcccctcGCAcagcaccgtggtgeg
cgcaccacggtgctg AAGgaggggcagatcgtc
gacgatctgcecctcCTTcageaccgtggtecg
cgcaccacggtgctgCACgaggggcagatcgtc
gacgatctgcecetcGTGeagceaccgtggtgcg
cgcaccacggtgctgGAGgaggggcagatcgtc
gacgatctgcecctcCTCcageaccgtggtecg
cgcaccacggtegctgCTTgaggggcagatcgtc
gacgatctgcecctcGA Acageaccgtggtgeg
cgcaccacggtgctgTACgagggecagatcgtc
gacgatctgcccctcGTAcagcaccgtggtgcg
cgcaccacggtectg TGGgaggggcagategtc
gacgatctgcccctcCCAcageaccgtggtgcg
cgcaccacggtgctgNNKgaggggcagatcgtc
gacgatctgcccctceMNNcagcaccgtggtgeg
cgaggggcagatcATCaatcctgegttcce
ggaacgcaggattGATgatctgccectcg
cgaggggcagatcGGTaatcctgegttee
ggaacgcaggattACCgatctgececteg
cgaggggcagatcCACaatcctgegttcc
ggaacgcaggattGTGgatctgeccecteg
cgaggggcagatcTGCaatcctgegttcc
ggaacgcaggattGCAgatctgececteg
cgaggggcagatcGCCaatcctgegttcc
ggaacgcaggattGGCgatctgeccctcg
cgaggggcagatcCTGaatcctgegttcce
ggaacgcaggattCAGgatctgececteg
cgaggggcagatcAGCaatcctgegttce
ggaacgcaggattGCTgatctgceccteg
cgaggggcagatcTGGaatcctgegttce
ggaacgcaggattCCAgatctgececteg
cgaggggcagatcGACaatcctgegttce
ggaacgcaggattGTCgatctgceccteg
cgagggegcagatcITCaatectgegtice
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XY-106PHE-F
xy-106TYR-R
XY-106TYR-F
XY-106-R
XY-106-F
xy-197LEU-R
XY-197LEU-F
xy-197MET-R
XY-197MET-F
xy-197ILE-R
XY-197ILE-F
xy-197SER-R
XY-197SER-F
xy-197THR-R
XY-197THR-F
xy-197CYS-R
XY-197CYS-F
xy-197LYS-R
XY-197LYS-F
xy-197PHE-R
XY-197PHE-F
xy-197TYR-R
XY-197TYR-F
xy-197-R
XY-197-F
xy-200GLY-R
XY-200GLY-F
xy-200ASN-R
XY-200ASN-F
xy-200ILE-R
XY-200ILE-F
xy-200GLN-R
XY-200GLN-F
xy-200ARG-R
XY-200ARG-F
xy-200CYS-R
XY-200CYS-F
xy-200LYS-R
XY-200LYS-F
xy-200HIS-R
XY-200HIS-F
xy-200GLU-R
XY-200GLU-F
xy-200TRP-R
XY-200TRP-F
XY-200-R
XY-200-F
XY-202ARG-F
XY-202ARG-R
XY-202ASP-F
XY-202ASP-R

ggaacgcaggattGAAgatctgccccteg
cgaggggcagatcT ATaatcctgegttec
ggaacgcaggattATAgatctgccccteg
ctcgaggggcagatcNNKaatcctgegttccag
ctggaacgcaggattMNNgatctgcccctcgag
gecttegecacegtgCTGgagatatccatcaac
gttgatggatatctcCAGceacggtggcegaaggc
gccttcgecacegtg ATGgagatatccatcaac
gttgatggatatctcCATcacggtggcgaaggc
gecttegecacegtg ATCgagatatcecatcaac
gttgatggatatctcGATcacggtggcgaaggc
gccttcgecacegtg AGCgagatatccatcaac
gttgatggatatctcGCTcacggtggcgaaggc
gecttegecacegtg ACCgagatatcecatcaac
gttgatggatatctcGGTcacggtggcgaaggc
gecttcgecacegtgTGCgagatatccatcaac
gttgatggatatctcGCAcacggtggegaagge
gecttegecacegtg AAGgagatatccatcaac
gttgatggatatctcCTTcacggtggcgaaggc
gecttcgecaccgtgTTCgagatatccatcaac
gttgatggatatctcGA Acacggtggcegaagge
gecttcgecaccgtgTATgagatatccatcaac
gttgatggatatctcATAcacggtggcgaaggc
gecttegecaccgtgNNKgagatatccatcaac
gttgatggatatctcMNNcacggtggcgaaggc
accgtggecgagataGGTatcaacgcectatetg
cagataggcgttgatACCtatctcggecacggt
accgtggccgagataA ACatcaacgcctatctg
cagataggcgttgatGTTtatctcggccacggt
accgtggccgagataATCatcaacgectatctg
cagataggcgttgatGATtatctcggecacggt
accgtggccgagataCAGatcaacgcctatctg
cagataggcgttgatCTGtatctcggecacggt
accgtggecgagataCGGatcaacgcectatetg
cagataggcgttgatGCCtatctcggccacggt
accgtggccgagataTGCatcaacgcectatctg
cagataggcgttgatGCAtatctcggecacggt
accgtggccgagataA AGatcaacgectatetg
cagataggcgttgatCTTtatctcggecacggt
accgtggccgagataCACatcaacgcctatctg
cagataggcgttgatGTGtatctcggecacggt
accgtggccgagataGAGatcaacgectatctg
cagataggcgttgatCTCtatctcggecacggt
accgtggccgagatalT GGatcaacgcctatctg
cagataggcgttgatCCAtatctcggecacggt
accgtggccgagataNNKatcaacgcctatctg
cagataggcgttgatMNNtatctcggccacggt
ggttcagataggcCCGgatggatatctcg
cgagatatccatcCGGgcectatctgaacc
ggttcagataggcGTCgatggatatcteg
cgagatatccatcGACgcctatctgaacc
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XY-202GLU-F
XY-202GLU-R
XY-202HIS-F
XY-202HIS-R
XY-202TRP-F
XY-202TRP-R
XY-202CYS-F
XY-202CYS-R
XY-202PHE-F
XY-202PHE-R
XY-202SER-F
XY-202SER-R
XY-202THR-F
XY-202THR-R
XY-202TYR-F
XY-202TYR-R
XY-202-F
XY-202-R
xy-266ILE-R
XY-266ILE-F
xy-266VAL-R
XY-266VAL-F
xy-266TYR-R
XY-266TYR-F
xy-266GLN-R
XY-266GLN-F
xy-266ALA-R
XY-266ALA-F
xy-266GLU-R
XY-266GLU-F
xy-2665ER-R
XY-266SER-F
xy-266LYS-R
XY-266LYS-F
xy-266ASP-R
XY-266ASP-F
XY-266-R
XY-266-F

ggttcagataggcCTCgatggatatctcg
cgagatatccatcGAGgcctatctgaacc
ggttcagataggcGTGgatggatatctcg
cgagatatccatcCACgcctatctgaacc
ggttcagataggcCCAgatggatatctcg
cgagatatccatcTGGgcectatctgaacc

caggttcagataggcGCAgatggatatctcgge
gcegagatatccatcTGCgcctatctgaacctg
caggttcagataggcGA Agatggatatctcggc
gcegagatatccatcTTCgectatetgaacctg
caggttcagataggcGCTgatggatatctcgge
gccgagatatccatcAGCgcectatctgaacctg
caggttcagataggcCGTgatggatatctcgge
gecgagatatccatcACGgcectatctgaacctg
caggttcagataggcGTAgatggatatctcggc
gccgagatatccatcTACgcctatctgaacctg

ggttcagataggcMNNgatggatatctcg
cgagatatccatcNNKgcctatctgaacc
ggtctcgaggeg ATCgteggeaacgac
gtegttgecgacGATegectegagace
ggtctcgaggcgGTCgteggeaacgac
gtegttgecegacGACegectegagacc
ggtctcgaggegTATgtcggcaacgac
gtegttgecgacATAcgectcgagacc
ggtctcgaggcgCAGgteggcaacgac
gtegttgecgacCTGegectcgagace
ggtctegaggcg GCCgteggeaacgac
gtegttgecgacGGCegectegagacc
ggtctcgaggcg GAGgtcggcaacgac
gtegttgecgacCTCegectegagacc
ggtctegaggcg TCCgteggraacgac
gtegttgecgacGGAcgectcgagacc
ggtctegaggcg AAGgtcggcaacgac
gtegttgecgacCTTegectcgagacc
ggtctcgaggcg GATgteggcaacgac
gtegttgecgacATCegectcgagacc
cggtctcgaggcgNNKgteggcaacgact
agtcgttgccgacMNNcgcectcgagaccg

Note: the mutation site is marked with capital letters.



Molecules 2022, 27

12 of 12

Table S5. The primers of Q111E, Q104R, I199T.

Name of primers Sequence (5' to 3')
xy-111E-R atectgegttcGAGetcggectgga
XY-111E-F tccaggccgagCTCgaacgcaggat

XY-Q104R-R  gctgetegagggeg CGCatcgtcaatectg
XY-Q104R-F caggattgacgatGCGcecctegageage
XY-I199T-R  caccgtggcegag ACGtccatcaacgcect
XY-I199T-F  aggcgttgatggaCGTctcggecacggtg
xy-101104-R  accacggtgctg ATCgaggggCGGatc
XY-101104-F  gatCCGcecctcGATcagcaccgtggt

Note: the mutation site is marked with capital letters.



