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Figure S1, related to Figure 2. Sequence alignment of GenK (A) with
homologous radical SAM-dependent methyltransferases and of GenQ (B)
with homologous oxidoreductases from other aminoglycoside
biosynthetic pathways

Black letters in gray boxes represent amino acid residues identical in all
species, while white letters in gray boxes represent similar amino acid
residues. The red box in A indicates the consensus CX3CX,C binding motif for
the FeS cluster.
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ForK (accession no. CAF31547.1): from Micromonospora olivasterospora;
Fom3 (accession no. ACG70826.1): from Streptomyces fradiae;

GenD1 (accession no. CAF31434.1): from Micromonospora echinospora.
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Neo11 (accession no. CAH58694.1): from S. fradiae;
BtrQ (accession no. BAE07079.1): from Bacillus circulans;
LivQ (accession no. CAG38701.1): from S. lividus;

Kanl (accession no. CAF60534.1): from S. kanamyeceticus;

TobQ (accession no. CAH18553.1): from Streptoalloteichus tenebrarius;

ForQ (accession no. CAF31536.1): from M. olivasterospora.



Figure S2, related to Figure 2. In-frame deletion of genK and genQ in M.
echinospora ATCC15835, and complementation of AgenK and AgenQ

(A) Schematic representation of the in-frame deletions; (B) Confirmation by
Southern blot; (C) Confirmation by PCR. The arrows indicate the expected
size of the PCR fragments in the wild type and mutants. The dash arrows
show the location of PCR primers for check mutants.
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(4) Complementation of AgenK and AgenQ

Confirmation of complementation strains (A) AgenK::genK, (B) AgenQ::genQ
and (C) AgenQ::neo11 by PCR. The arrows indicate the expected size of the
PCR fragments in the wild type and mutants. (D) Map of genetic
complementation vector. The dash arrows indicate the location of PCR
primers for check complementation strains.
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Figure S3, related to Figure 2. LC-HRMS analysis of production of
gentamicin C complex and intermediates by the wild type, AgenkK,
AgenQ, and AgenQAgenK mutants of M. echinospora ATCC15835

(A) Schematic representation of the in-frame deletion of genQ and genK.
Deleted genes are shown in dotted arrows. (B) Production of gentamicin C
complex and intermediates analyzed by LC-ESI-HRMS and bioassay using
Bacillus pumilus as indicator strain. -: no production, +: production, ++:
increased by about 10-fold compared with wild type, +++: increased by about
100-fold compared with wild type.
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Figure S4, related to Figure 3. (A) Sequence alignment of GenB1, GenB2,
GenB3 and GenB4 with their homolog Neo18 from the neomycin biosynthetic
pathway. The red box in (A) indicates the putative catalytic lysine; (B)
Schematic representation and confirmation by Southern blot of in-frame
deletion of genB1, genB2, genB3 and genB4. (1) ~ (4): Single mutants; (5) ~
(10): Double mutants; (11) ~ (14): Triple mutants; (15): Quadruple mutant.
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(1) AgenB1

The arrows indicate the expected size of the fragments from the wild type and
mutant chromosomal DNA, respectively, hybridized after digestion with Agel with
a 581 bp probe (PCR-amplified from pWHU4 using oligonucleotide primers
genB1-CK1 and CK2).
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(2) AgenB2

The arrows indicate the expected size of the fragments from the wild type and
mutant chromosomal DNA, respectively, hybridized after digestion with Nspl
with a 587 bp probe (PCR-amplified from pWHUZ2 using oligonucleotide
primers genB2-CK1 and CK2).
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(3) AgenB3

The arrows indicate the expected size of the fragments from the wild type and
mutant chromosomal DNA, respectively, hybridized after digestion with Nspl
with a 658 bp probe (PCR-amplified from pWHUS5 using oligonucleotide
primers genB3-CK1 and CK2).
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(4) AgenB4

The arrows indicate the expected size of the fragments from the wild type and
mutant chromosomal DNA, respectively, hybridized after digestion with Sacll
with a 595 bp probe (PCR-amplified from pWHU3 using oligonucleotide
primers genB4-CK1 and CK2).
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(5) AgenB2AgenB1

The arrows indicate the expected size of the fragments from the wild type and
mutants chromosomal DNA, respectively, hybridized after digestion with Agel
with a 581 bp probe (PCR-amplified from pWHU4 using oligonucleotide
primers genB1-CK1 and CK2).
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(6) AgenB1AgenB3

The arrows indicate the expected size of the fragments from the wild type and
mutants chromosomal DNA, respectively, hybridized after digestion with
PshAl to a 658 bp probe (PCR-amplified from pWHUS using oligonucleotide
primers genB3-CK1 and CK2).
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(7) AgenB4AgenB3

The arrows indicate the expected size of the fragments from the wild type and
mutants chromosomal DNA, respectively, hybridized after digestion with Sacll
with a 741 bp probe (PCR-amplified from pWHU43 using oligonucleotide
primers genB4-genB3-CK1 and CK2).
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(8) AgenB2AgenB3

The arrows indicate the expected size of the fragments from the wild type and
mutants chromosomal DNA, respectively, hybridized after digestion with
PshAl with a 658 bp probe (PCR-amplified from pWHUS using oligonucleotide
primers genB3-CK1 and CK2).
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(9) AgenB2AgenB4

The arrows indicate the expected size of the fragments from the wild type and
mutants chromosomal DNA, respectively, hybridized after digestion with Sacll
with a 595 bp probe (PCR-amplified from pWHU3 using oligonucleotide
primers genB4-CK1 and CK2).
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(10) AgenB4AgenB1

The arrows indicate the expected size of the fragments from the wild type and
mutants chromosomal DNA, respectively, hybridized after digestion with Agel
with a 581 bp probe (PCR-amplified from pWHU4 using oligonucleotide
primers genB1-CK1 and CK2) respectively,.
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(11) AgenB4AgenB1AgenB2

The arrows indicate the expected size of the fragments from the wild type and
mutant schromosomal DNA, respectively, hybridized after digestion with Pvul
with a 587 bp probe (PCR-amplified from pWHUZ2 using oligonucleotide
primers genB2-CK1 and CK2).
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(12) AgenB4AgenB1AgenB3

The arrows indicate the expected size of the fragments from the wild type and
mutants chromosomal DNA, respectively, hybridized after digestion with Sacll
with a 741 bp probe (PCR-amplified from pWHU43 using oligonucleotide
primers genB4-genB3-CK1 and CK2).
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(13) AgenB2AgenB3AgenB1

The arrows indicate the expected size of the fragments from the wild type and

mutants chromosomal DNA, respectively, hybridized after digestion

with Agel

with a 581 bp probe (PCR-amplified from pWHU4 using oligonucleotide

primers genB1-CK1 and CK2).
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(14) AgenB2AgenB4AgenB3

The arrows indicate the expected size of the fragments from the wild type and

mutants chromosomal DNA, respectively, hybridized after digestion

with Sacll

with a 741 bp probe (PCR-amplified from pWHU43 using oligonucleotide

primers genB4-genB3-CK1 and CK2).
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(15) AgenB4AgenB1AgenB3AgenB2

The arrows indicate the expected size of the fragments from the wild type and
mutants chromosomal DNA, respectively, hybridized after digestion with Pvul
with a 587 bp probe (PCR-amplified from pWHUZ2 using oligonucleotide
primers genB2-CK1 and CK2).
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Figure S5, related to Figure 3. Confirmation of C2a production in
AgenB2 and AgenB2AgenB1 mutants

(A) Comparison of product mixture from strain AgenB2 with gentamicin C2
standard; (B) Comparison of product mixture from strain AgenB2AgenB1 with
gentamicin C2 standard; (C) Comparison of product mixture from strain
AgenB2 with gentamicin C2a standard; (B) Comparison of product mixture
from strain AgenB2AgenB1 with gentamicin C2a standard; (E) Comparison of
product mixture from strain AgenB2 with gentamicin C1 standard; (F)
Comparison of product mixture from strain AgenB2AgenB1 with gentamicin
C1 standard.
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Figure S6, related to Figures 4, 5 and 6. Cloning and characterization of
GenQ, GenB1, GenB2, GenB3 and GenB4

(A) Cloning genQ with alternative start codons. Positions of the original start
codon of genQ and the new start codons in LM_genQ and VM_genQ are
indicated in red boxes; (B) SDS-PAGE gel of VM_GenQ, GenB1, GenB2,
genB3 and GenB4; (C) UV-Vis spectra of VM_GenQ and FAD standard; (D)
UV-Vis spectra of GenB proteins.
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Figure S7, related to Figures 4 and 5. LC-MS analysis of activity assays of
GenB1, GenB2, GenB3 and GenB4 (GenB)

(A) Test of different amino donors on the conversion of G418 to JI-20B (i - iv)
and of gentamicin X2 to JI-20A(v - viii) catalysed by VM_GenQ coupled with
GenB1, GenB2, GenB3, and GenB4 by LC-MS analysis. The percentages of
G418, gentamicin X2, 6'-DOG, 6'-DOX, JI-20B and JI-20A present after 16 h
of incubation, based on the abundance of corresponding ions detected, are
shown as stacked plots. (B) LC-MS analysis of isomerase activity of GenB
enzymes on gentamicin C2 and C2a. Selective ion monitoring [M+H]" (m/z
464) and [M+Na]* (m/z 486) ions of C2 and C2a.
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List of oligonucleotide primers used in this study, related to
Experimental Procedures

Primer Oligonucleotide sequences (5' to 3') ;«’if:triction
genQ-L1 CTGCATATGCTCACCGCCCGGC Ndel
genQ-L2 CCCGAATTCTCCCTGTGACCTGTCG EcoRlI
genQ-R1 ACCGAATTCGCCGCTACCGATCACAC EcoRlI
genQ-R2 GGCAAGCTTGATCGGAACCATCCGG Hindlll
genQ-CP1 CCTCCTCGTCACCGTGG -
genQ-CP2 CAGGTGCTCAGCGTCCG -
genQ-EP1 GTCCATATGATCGGTAGCGGCGCC Ndel
genQ-EP2 CGAGAATTCACAGGGAGAAATCGG EcoRlI
neo11-EP1 CGCCATATGAAGCGCCTTCGAGGC Ndel
neo11-EP2 CCGGAATTCTCAGACGTGCGCGGTGTG EcoRlI
genK-L1 GCGCATATGAGAACCGGCTTGATGC Ndel
genK-L2 GCGGAATTCCACTGACCCTCGTCCC EcoRlI
genK-R1 GAGGAATTCCTTCACTTGATTACC EcoRlI
genK-R2 CACAAGCTTCACCGGCGAGACG Hindlll
genK-CP1 CGGGCGAACCTTCGGGATA -
genK-CP2 CCGTCAGCGTTGGCAATAA -
genK-EP1 CGCCATATGAACGCGCTGGTGGCA Ndel
genK-EP2 CCGGAATTCTCAGTGGGAAACCGCCTC EcoRlI
genB1-L1 GCACATATGCTGGAGAATCCGTCTG Ndel
genB1-L2 GTCGAATTCCTCTGGGAGGACTGAG EcoRI
genB1-R1 ACCGAATTCGATGGTCATCGTGTCG EcoRI
genB1-R2 GAAAAGCTTGACCGTCAACCTGGCG Hindlll
genB1-CK1 GAGTCGTCGTACTTCTGGATGGG -
genB1-CK2 GCTGACCTGGGGTTGCTGC -
genB2-L1 GCGCATATGTCACCGGCGAAGCGGC Ndel
genB2-L2 CGTGAATTCGTCAGCGTTGGCAATA EcoRI
genB2-R1 GTGGAATTCGTGACCGCTCAGCTCT EcoRI
genB2-R2 GTCAAGCTTGTTGCAGGCGGTCCAG Hindlll
genB2-CK1 GCCGACTTCGACCTCTTCC -
genB2-CK2 ATCCGCTGACCCCGTGCC -



genB3-L1 CGTCATATGGCAACACCACGTCG Ndel

genB3-L2 GACGAATTCATCGAGAAGGTGGTC EcoRI
genB3-R1 CGAGAATTCGGTCCCGATGTCGTAG EcoRI
genB3-R2 CTTAAGCTTTGGCGAGGGGCTCTGC Hindlll
genB3-CK1 CGCGTTACGGAAAGTAAAATCAC -
genB3-CK2 CATCGAGGGCCACCACC -
genB4-L1 CGCCATATGCAGCGGTTCAAGGGCG Ndel
genB4-L2 GTCGAATTCCCGGCACAGAACTGAC EcoRI
genB4-R1 GATGAATTCACGGTAGTTCATGTGC EcoRI
genB4-R2 CGGAAGCTTTGTGTGAGCGGTACGG Hindlll
genB4-CK1 TGACTTCTGCCTCGACAACG -
genB4-CK2 AAGCTCTACCTGGAGACCTTCC -
genB4-genB3-L1 GGCCATATGCGGTGGCGACCC Ndel
genB4-genB3-L2 CGCGGTACCAAGCCGGTTCTCA Kpnl
genB4-genB3-R1 CAAGGTACCAGAATCCATGTCC Kpnl
genB4-genB3-R2 AATAAGCTTGGGAATTAGTCCAG Hindlll

genB4-genB3-CK1 CAGCGTTCCTCCGGTTTC -

genB4-genB3-CK2 GGTAAGTGATCCGCAGTTGG -

pGenQ-LM_up ATCACGGCCCATATGCGGTACGGCCCGGAG Ndel
pGenQ-VM_up CCCAACCCGGCATATGCTCATCAGCGTTTC Ndel
pGenQ-dn TTGCCGGCACCGAATTCGATGGTCATCGTG EcoRI
pGenB1-up AATCGAGCGACCATATGACCATCGACATCG Ndel
pGenB1-dn AGGACCTGGTGGGGATCCACAAGGAGTGAA BamHI
pGenB2-up CGGAGGTTTCGCATATGATTATTGCCAACG Ndel
pGenB2-dn CGGCCCCTGCCGGATCCGTCAGAGCTGAGC BamH]I
pGenB3-up TTG GGGATAGCATATGGCAGTCGCCGACCA Ndel
pGenB3-dn ATCTTCACCGGCCCTGGAATTCCTACGCC A EcoRI
pGenB4-up CGTGGTGGGCATATGAACTACCGTGAGTTG Ndel
pGenB4-dn CGGCCCTCGAACCGGAATTCCTCAAGGTCA EcoRI

Primer pairs for amplification of left- or right-flanking fragments of a target gene, for
PCR/sequencing confirmation, and for cloning target genes for over-expression are marked
with suffixes —-L1/-L2, -R1/-R2, CK1/CK2, or —up/-dn, respectively.




Table S1, related to Flgure 3. LC-HRMS analysis of genB knock-out

mutants
Strain Gentamicin C complex production (x10°) Intermediates production (x10°)
C1la C2b C2 C2a c1 X2 JI-20A G418 JI-20B
wild type 8.8 2.8 11.9 1.1 44.6 8.5 1.5 8.2 4.3
AgenB1 04 29 1.2 1.7 14.6 6.8 0.5 15.9 25
AgenB2 0.8 0.1 ND 7.6 ND 71 0.7 0.7 1.0
AgenB3 ND ND ND ND ND 7.2 19.1 10.8 75.4
AgenB4 ND ND ND ND ND 11.0 2.7 14.1 8.7
AgenB2AgenB3 ND ND ND ND ND 8.6 2.7 8.8 20.5
AgenB2AgenB4 ND ND ND ND ND 7.6 20 1.2 3.7
AgenB4AgenB1 ND ND ND ND ND 5.2 14 18.6 6.7
AgenB2AgenB1 0.3 0.1 ND 15.3 ND 4.0 0.5 10.7 29
AgenB1AgenB3 ND ND ND ND ND 1.5 0.1 43.0 1.4
AgenB4AgenB3 ND ND ND ND ND 9.7 1.1 17.0 6.3
AgenB2AgenB3AgenB1 ND ND ND ND ND 3.4 0.1 12.8 0.1
AgenB4AgenB1AgenB2 ND ND ND ND ND 1.9 0.1 40.3 3.4
AgenB4AgenB1AgenB3 ND ND ND ND ND 3.3 0.1 20.8 0.8
AgenB2AgenB4AgenB3 ND ND ND ND ND 7.4 25 20.8 35.2

AgenB4AgenB1AgenB3AgenB2 ND ND ND ND ND 2.3 ND 142.0 ND




Table S2, related to Experimental Procedures. Plasmids used in this

study
Plasmid Description Reference
Sambrook and
puC18 Sub-cloning vector
Maniatis
pET28a(+) Vector for protein expression Invitrogen
Wilkinson et al.,
Site-specific integrative vector with PermE*
plB139 2002; Del Vecchio
promoter
etal., 2003
pYH7 E. coil - Streptomyces shuttle vector Sun et al., 2008
pWHU77 plB139 derivative with Tsr® This study
pYH286 genQ in-frame deletion construct This study
pWHU1 genK in-frame deletion construct This study
pWHUG7 AgenK complementation construct containing This study
genK under control of PermE* promoter
pWHU163 AgenQ complementation construct containing This study
genQ under control of PermE* promoter
pWHU165 AgenQ complementation construct containing This study
neo11 under the control of the PermE* promoter
pWHU4 genB1 in-frame deletion construct This study
pWHU2 genB2 in-frame deletion construct This study
pWHU5 genB3 in-frame deletion construct This study
pWHU3 genB4 in-frame deletion construct This study
pWHU43 genB3 and genB4 double in-frame deletion This study
construct
pET28/LM_genQ pET28a(+) vector with VM_genQ gene insert This study
pET28/VM_genQ pET28a(+) vector with LM_genQ gene insert This study
pET28/genB1 pET28a(+) vector with genB1 gene insert This study
pET28/genB2 pET28a(+) vector with genB2 gene insert This study
pET28/genB3 pET28a(+) vector with genB3 gene insert This study
)

pET28/genB4 pET28a(+) vector with genB4 gene insert This study




Table S3, related to Experimental Procedures. In-frame deletion mutants
and complemented strains used in this study

Gene knockout mutant

Parent strain

Plasmid used to
achieve deletion

AgenK wild type pWHU1
AgenQ wild type pYH286
AgenQAgenK AgenQ pWHU1
AgenB1 wild type pWHU4
AgenB2 wild type pWHU2
AgenB3 wild type pWHUS
AgenB4 wild type pWHU3
AgenB2AgenB1 AgenB2 pWHU4
AgenB1AgenB3 AgenB1 pWHU5
AgenB4AgenB3 AgenB4 pWHU43
AgenB2AgenB3 AgenB2 pWHU5
AgenB2AgenB4 AgenB2 pWHU3
AgenB4AgenB1 AgenB4 pWHU4
AgenB4AgenB1AgenB2 AgenB4AgenB1 pWHU2
AgenB4AgenB1AgenB3 AgenB4AgenB1 pWHU43
AgenB2AgenB3AgenB1 AgenB2AgenB3 pWHU4
AgenB2AgenB4AgenB3 AgenB2AgenB4 pWHU43
AgenB4AgenB1AgenB3AgenB2 AgenB4AgenB1AgenB3 pWHU2
Plasmid for

Complemented mutant

Parent strain

complementation

AgenK::genK

AgenQ::genQ

AgenQ::neot1

AgenK

AgenQ

AgenQ

genK gene in
pWHU77
genQ gene in
pWHU77
neo11 gene in

pWHU77




