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Chemicals

Lincomycin (863 units per mg), acetylsalicylic (13, >98%), 3-aminobenzoic (15, 98%), 4-amino-2-
chlorobenzoic (22, 97%), 4-amino-2-hydroxybenzoic (26, 99%), benzoic (6, >97%), 2-chlorobenzoic (8,
98%), trans-cinnamic (44, 99%), 4-coumaric (43, 98%), 2,3-dichlorobenzoic (40, 97%),
2,5-dichlorobenzoic (36, 97%), 3,4-dichlorobenzoic (31, 99%), 3,4-dihydroxybenzoic (30, 97%),
3,4-dimethoxybenzoic (32, 99%), 2,4-dinitrobenzoic (29, 96%), 3-hydroxybenzoic (14, 99%),
4-hydroxybenzoic (17, 99%), 3,4,5-trihydroxybenzoic (38, gallic, 99%), 2-methylbenzoic (7, 95%),
4-methylbenzoic (19, 98%), 2-hydroxybenzoic (4, salicylic, >97%), 4-hydroxy-3,5-dimethoxybenzoic
(39, syringic, >95%) acids were obtained from Sigma-Aldrich (Germany); 4-aminobenzoic (18, 99%),
2-bromobenzoic (9, >98%), 3,5-dichlorobenzoic (34, >98%), 2,4-dihydroxybenzoic (25, >95%),
2,5-dihydroxybenzoic (35, >98%), 3,5-dihydroxybenzoic (33, >90%), 2-iodobenzoic (10, 95%), and
4-nitrobenzoic (21, >95%) acids were obtained from Fluka; 3-chlorobenzoic (16, >98%),
4-chlorobenzoic (20, >98%), 2,4-dichlorobenzoic (28, 98%), 2,6-dichlorobenzoic (24, >98%),
2,6-dihydroxybenzoic (23, >97%) acids were obtained from Merck-Schuchardt (Germany);
2-aminobenzoic (5, anthranilic, 99%), 2-hydroxy-3,5-dinitrobenzoic (42, >97%), phthalic (12, >95%),
and 2-hydroxy-5-sulfobenzoic (37, p.a.) acids were obtained from Lachema (Czech Republic);
2,3-dimethoxybenzoic acid (41, >97%) was obtained from Loba-Chemie (Austria), 2-methoxybenzoic
(11) and 4-(dimethylamino)benzoic acids (22) were obtained from Assoc. Prof. Jindrich lJindrich,
Faculty of Sciences, Charles University in Prague. Adenosine 5’-triphosphate (ATP, >99%), S-adenosyl-
methionine (SAM, 80%), ammonium hydroxide (28-30% solution), coenzyme A disodium salt (CoA,
>96%), B-nicotinamide adenine dinucleotide phosphate reduced (NADPH, 96%), pyridoxal-5'-
phosphate (PLP, >98%) were obtained from Sigma-Aldrich (Germany), formic acid (98-100%) from
Merck (Germany), acetonitrile and methanol (both LC-MS grade) from Biosolve (Netherlands).

Bacterial strains

The Streptomyces lincolnensis AlmbIH mutant strain was derived from lincomycin producer
S. lincolnensis ATCC 25466 as decribed previously.' The strain was used for production of lincomycin
intermediates 1a and 2a. Celesticetin producer Streptomyces caelestis ATCC 15084 was used for
production of celesticetin and O-demethylcelesticetin and as a source of genomic DNA for gene



amplification. Routine DNA manipulations were performed in E. coli XL1 Blue MR® (Stratagene). The
heterologous overproduction of S. caelestis proteins was performed in E. coli BL21(DE3) (Novagen).

Cultivation of streptomycete strains in liquid media

The seed culture of S. lincolnensis AlmbIH or S. caelestis was prepared by inoculation of spores from
MS plates into 50 mL of the YEME medium? without sucrose and incubated in 500 mL flat-bottom
boiling flasks at 28 °C. Two mL of 24 h seed culture were inoculated into 40 mL of AVM?
(S. lincolnensis) or GYM* medium (S. caelestis) and incubated in 500 mL flat-bottom boiling flasks at
28 °C for 120 h. The cells were centrifuged at 5000 g at 20 °C for 15 min and the supernatant was

used for LC-MS analyses or purification of metabolites of interest.
In vivo incorporation experiments with benzoic acid derivatives

Plates with 10 mL of agar GYM medium supplemented with 2 mM benzoic acid derivative were
inoculated with spores of S. caelestis. The plates were incubated at 28 °C for 8 days. Three discs
5 mm in diameter were cut from the agar medium, inserted into 500 uL methanol, vortexed 1 min
and incubated in a sonication bath for 15 min. Then, 200 uL of the methanolic extract was removed,
evaporated to dryness, reconstituted in 50 pL methanol:water 50:50 (v/v) and analyzed by LC-MS.

Preparation of desalicetin and O-demethydesalicetin from celesticetin and O-demethylcelesticetin
and purification of lincomycin intermediates 1a and 2a, lincosamides CELIN and ODCELIN, and
intermediate 47

Celesticetin and O-demethylcelesticetin were purified from the culture broth of S. caelestis.
Intermediates 1a and 2a were purified from the culture broth of the S. lincolnensis AlmbIH mutant
strain. The compounds were purified as follows. An Oasis HLB 6cc 200 mg cartridge (hydrophilic-
lipophilic balanced sorbent, Waters, USA) was conditioned with 5 mL methanol, equilibrated with
5 mL water, and then 50 mL cultivation broth was loaded. Subsequently, the cartridge was washed
with 5 mL water and absorbed substances were eluted with 15 mL methanol. The eluent was
evaporated to dryness, reconstituted in 2 mL methanol, and the extracts were injected into the HPLC
apparatus equipped with flow controller 600, autosampler 717, and UV detector 2487 operating at
194 nm (Waters, USA). Data were processed with Empower 2 software (Waters, USA). The analytes
were separated on the Luna C18 chromatographic column (250 x 15 mm |.D., particle size 5 um,
Phenomenex, USA) with the two component mobile phase, A and B, consisting of 0.1% formic acid
and methanol, respectively. The analyses were performed under a linear gradient program (min/%B)
0/5, 31/27.5 followed by a 9-min column clean-up (100% B) and a 9-min equilibration (5% B), at a
flow rate of 3 mL min™. The fractions containing celesticetin and O-demethylcelesticetin were
treated with 0.1mM NaOH overnight, resulting in complete conversion of the compounds into
desalicetin and O-demethydesalicetin, respectively. Intermediates 1a, 2a as well as desalicetin and
O-demethydesalicetin were subjected to another HPLC purification using the XTerra Prep RP18
column (150 x 7.8 mm I.D., particle size 5.0 um, Waters, USA). The analytes were eluted using the
isocratic program with 1 mM ammonium formate (pH 9.0):acetonitrile (90:10 v/v) as mobile phase.
Compounds CELIN, ODCELIN and 47 were purified from the scaled-up in vitro reactions - see below
the paragraph Preparation of hybrid lincosamides from intermediates 1a and 2a; point (1) applies for
compound 47 and points (1) and (2) apply for CELIN and ODCELIN. Proteins in the in vitro assays were
precipitated by 98% formic acid (30 uL per 1 mL sample) and the supernatant was subjected to



purification using Oases HLB cartridges and HPLC as described above for purification of intermediates
1a and 2a with the following exceptions. Two component mobile phase, A and B, consisting of 0.1%
formic acid and acetonitrile, respectively, was used. The analyses were performed under a linear
gradient program (min/%B) 0/30, 40/65 followed by a 9-min column clean-up (100% B) and a 9-min
equilibration (30% B). Single purification step by HPLC was considered as sufficient. The fractions
containing the separated compounds were checked for purity (>95% - LC with UV detection at
220 nm; no significant cross-contamination).

Heterologous production and purification of CcbF, Ccb1, Ccb2, Ccb4, and Cch5

The ccbF, ccbl, ccb2, ccb4, and ccb5 genes were PCR-amplified from the genomic DNA of S. caelestis
using the primer pairs listed in Table S1. The ccbF and ccb2 genes were inserted into the pET42b
vector (Novagen), and the ccbl, ccb4, and ccb5 genes were inserted into the pET28b vector
(Novagen). The resulting constructs were used to produce soluble C-terminally (CcbF and Ccb2) or
N-terminally (Ccb1, Ccb4, and Ccb5) His-tagged fusion proteins in E. coli BL21 (DE3) with the GroES
and GroEL chaperonins co-expressed. Overproduction was induced with 0.4 mM IPTG and was
performed at 17 °C for 20 h. The cells were harvested by centrifugation (4200 rpm, 20 min, 4 °C), and
cell-free extracts were prepared using ultrasonic homogenization in a binding buffer consisting of
20mM TRIS pH 8, 100 mM NaCl, 10% glycerol, and 20 mM imidazole followed by centrifugation
(9000 rpm, 25 min, 4 °C). The proteins were purified from the cell-free extracts using a 1 mL HiTrap™
Ni** column (GE Healthcare). Ccb2 was eluted with binding buffer supplemented with 100 mM
imidazole, Ccb4 and Ccb5 were eluted with binding buffer supplemented with 200 mM imidazole and
CcbF and Ccb1 were eluted with binding buffer supplemented with 250 mM imidazole. Imidazole was
eliminated from the purified proteins by buffer exchange using 30-kDa Amicon cartridges (Millipore)
and binding buffer without imidazole. Ccb4 was stable for at least a week at 4 °C with no decrease in
activity; CcbF, Ccb1, Ccb2, and Ccb5 were stable for at least a week at 4 °C or a month at -80 °C with
no decrease in activity. Protein concentration was determined with a Nanodrop ND-1000
Spectrophotometer (Thermo Scientific, USA) at 280 nm using extinction coefficients calculated from
the protein sequences (98 890 for CcbF; 91 440 for Ccbl, 70 360 for Ccb2, 28 420 for Ccb4, and 24
410 for Ccb5).

Amplified Forward primer Reverse primer

gene

ccbF CCGCATATGTCCGACTTAGCTGCCG CCGCTCGAGGCGGGGCTGCCAGGCG

ccbl CTGCATATGCATCTTGATCCAACCAC ATAGAATTCTCATCGGTGGTCGTCGC

cch2 AACCCCATATGAAGCGACGTGGCATGG AACCCCTCGAGTAAGGTCATGAACTCCGCACG
ccb4 CTACATATGAAGACGCCCGGTACATC CTAGAATTCTCAGCACGGAGTGGCCT

ccb5 ATAGCTAGCGCGACCGTCCCCGCC CTGGAATTCTCATGAGTCCGCGCGCC

Table S1. Primers used for amplification of S. caelestis genes. Restriction sites used for insertion into
the vector are underlined.



Gel filtration

The monomeric or oligomeric form of Ccbl was determined by gel filtration with a Superose 12 HR
10/30 column (Pharmacia) in a buffer containing 20 mM Tris pH 8, 100 mM NaCl, 10% glycerol; the
flow rate was 0.5 mL min™*. BSA was used as a standard.

Blue native electrophoresis

This experiment was performed as described by Schagger et al.” in a linear acrylamide
concentration gradient of 8-18%.

Bioinformatic tools

The BLASTX and BLASTP were used for prediction of functions of encoded proteins
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) in combination with Conserved Domains Database
(http://www.ncbi.nlm.nih.gov/cdd). The amino acid sequences of the WS/DGAT proteins were
retrieved from GenBank. Sequence identities of these proteins to Ccb1 were calculated in Geneious
5.5.9 (http://www.geneious.com, Kearse et al.?) based on pairwise alignments generated using
MAFFT software version 7.304b at the CBRC web site (http://mafft.cbrc.jp/alignment/server, Katoh
et al.”). The multiple sequence alignment of WS/DGAT proteins was generated using the MAFFT and
visualized in the Geneious.

In vitro assays

Preparation of benzoyl derivative-AMP conjugates (assays with Ccb2): 2 uM Ccb2, 2 mM benzoic
acid derivative, 4.5 mM ATP, 2 mM MgCl,, 100 mM Tris pH7.5 assay was conducted to monitor the
AMP-benzoic acid derivative conjugates. The reaction was supplemented with 2 mM coenzyme A to
monitor the benzoyl derivative-CoA conjugates. The assays were incubated at 30 °C for 2 h.

Preparation of hybrid lincosamides from desalicetin or O-demethyldesalicetin (assays with Ccb2
and Ccb1): 2 uM Ccb2, 2 uM Ccb1l, 200 uM desalicetin or O-demethyldesalicetin, 2 mM benzoic acid
derivative, 4.5 mM ATP, 2 mM coenzyme A, 2 mM MgCl,, 100 mM Tris pH 7.5. The assays were
incubated at 30 °C for 2 h.

Preparation of hybrid lincosamides from intermediates 1a and 2a (assays with CcbF, Ccb5, Ccb4,
Ccb2, Ccbl):

(1) 20 uM CcbF, 20 uM Ccb5, 200 uM 1a or 2a, 200 uM PLP, 1 mM NADPH, 100 mM Tris pH7.5;
in the case of O-methyl derivatives preparation 20 uM Ccb4 and 4 mM SAM were
additionally included in the reaction. The assays were incubated at 30 °C for 2 h.

(2) 2 uM Ccb2, 2 uM Ccb1, 2 mM benzoic acid derivative, 4.5 mM ATP, 2 mM coenzyme A, 2 mM
MgCl,, 100 mM Tris pH 7.5. The assays were incubated at 30 °C for 30 min.

Reactions (1) and (2) were mixed and incubated at 30 °C for additional 2 h.

Negative controls were performed with proteins inactivated by heat (90 °C, 15 min). Reactions were
terminated by adding 1 pL formic acid per 50 pL reaction, centrifuged (3000 g, 5 min) and analysed
by LC-MS.



Assay of antibacterial properties

The filtration paper discs (diameter, 5 mm) containing 5 nmol of the tested compound were
transferred onto plates overlaid with the lincomycin-sensitive strain Kocuria rhizophila and the plates
were cultivated for 20 h at 37 °C.

Minimal inhibition concentrations were determined as published previously.® Five pL of 0.5
McFarland suspension of K. rhizophila culture was inoculated into 1 mL LB medium supplemented
with the tested compounds at the required concentration (tested concentration range: 25—
1600 nM). The cultures were incubated for 24 h at 37 °C.

LC-MS analyses

Lincosamides and salicylyl-CoA conjugate. LC-MS analyses were performed on the Acquity UPLC
system with LCT premier XE time-of-flight mass spectrometer (Waters, USA). Five uL of sample were
loaded onto the Acquity UPLC BEH C18 LC column (50 mm x 2.1 mm I.D., particle size 1.7 um,
Waters) kept at 40 °C and eluted with a two-component mobile phase, A and B, consisting of 0.1%
formic acid and acetonitrile, respectively. The analyses were performed under a linear gradient
program (min/%B) 0/5, 1.5/5, 12.5/58 followed by a 1.5-min column clean-up (100% B) and 1.5-min
equilibration (5% B), at the flow rate of 0.4 mL min™. The mass spectrometer operated in the “W”
mode with capillary voltage set at +2800 V, cone voltage +40 V, desolvation gas temperature, 350 °C;
ion source block temperature, 120 °C; cone gas flow, 50 Lh*: desolvation gas flow, 800 Lh™: scan time
of 0.15 s; inter-scan delay of 0.01 s. The mass accuracy was kept below 5 ppm using lock spray
technology with leucine enkephalin as the reference compound (2 ng puL?, 5 L min™). Fragmentation
by collision-induced dissociation (CID) was triggered by increasing aperture 1 at 50V.
Chromatograms were extracted for [M+H]" ions with the tolerance window of 0.05 Da. The data
were processed by MassLynx V4.1 (Waters).

Benzoyl derivative-AMP conjugates. The analyses were performed as above described for
lincosamides with the following exceptions. Acquity UPLC BEH Amide column (50 mm x 2.1 mm I.D.,
particle size 1.7 um, Waters) kept at 30 °C was used for separation using a two-component mobile
phase, A: acetonitrile and B: 50 mM ammonium acetate pH 5.8:acetonitrile 50:50 (v/v). The analyses
were eluted in a linear gradient program (min/%B) 0/5, 2.5/5, 8/73.9 followed by a 1.5-min column
clean-up (99% B) and 1.5-min equilibration (5% B).



Supplementary results

Fig. S1 Multiple sequence alignment of Ccb1 and characterized WS/DGAT enzymes. The alignment was
generated using the MAFFT web tool and was visualized with Geneious software. Residues that are
identical or similar are highlighted. The conserved HHxxxDG motif is in the rectangle.
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Fig. S2 SDS-PAGE analysis of purified recombinant CcbF, Ccb1, Ccb2, Ccb4, and Ccb5 proteins. The
theoretical MWs are as follows: Hisg-tagged CcbF, is 48.0 kDa; Hiss-tagged Ccbl, 49.3 kDa; Hisg-
tagged Ccb2, 60.4 kDa; Hiss-tagged Ccb4, 43.0 kDa; Hiss-tagged Ccb5, 38.8 kDa; MW standard:
PageRuler™ prestained protein ladder.
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Fig. S3 Gel filtration profile (A) and blue native electrophoresis (B) of Ccbl. The theoretical MW for
Hisc-tagged Ccbl in its monomeric form is 49.3 kDa. Both methods show that Ccbl is a monomer in
its native form.

Note for Figs. S2 and S3:

Ccbl forms aggregates in SDS-PAGE, particularly at approximately 250 kDa. Gel filtration and blue
native electrophoresis show that Ccbl is a monomer under native conditions, with the results
corresponding to the theoretical MW (49.3 kDa). These observations suggest that the aggregates
observed on SDS-PAGE are formed as a consequence of the denaturation process.
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Fig. S4 In vitro assay with Ccb2. Activation of salicylic acid by adenylation and subsequent transfer to
coenzyme A. lon extracted LC-MS chromatograms for the expected products of the reaction.
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Fig. S5 Formation of benzoyl derivative-AMP conjugates catalyzed by Ccb2. lon-extracted
chromatograms (scaled at 10° ions, m/z stated in the chromatograms); the numbers correspond to
the benzoic acid derivatives as numbered in Figure 3. Benzoic acid derivatives that were incorporated
into a lincosamide are in bold and underlined.



Lincosamide library (Note for Figs. S6-S31)

Figures S6-S31 contain the structure, ion-extraceted LC-MS chromatograms, MS and collision-

induced dissociation (CID) fragmentation MS spectra. The names of the lincosamides are derived by
following these rules:

- The absence of methyl group is indicated by OD (O-demethyl), ND (N-demethyl), or NDOD
(N-demethyl, O-demethyl).

- The benzoic acid derivative incorporated into the lincosamide is indicated by the number
assigned to the derivative in Figure 3, e.g. CEL-2 contains the derivative 2.

- CEL- compound derived from celesticetin (proline amino acid moiety); CELIN — compound
derived from lincomycin (4-propyl-L-proline amino acid moiety).

Total number of possible combinations is 156; two compounds were not prepared (ODCEL-8, ODCEL-
35) and four compounds (CEL, ODCEL, CEL-2, CEL-21) are not novel; 150 remaining lincosamides are
novel.
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Fig. S6 Lincosamides with incorporated salicylic acid
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Fig. S7 Lincosamides with incorporated anthranilic acid
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Fig. S8 Lincosamides with incorporated benzoic acid
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Lincosamide LC-MS ion-extracted MS CID fragmentation
chromatogram spectrum MS spectrum
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Lincosamide LC-MS ion-extracted MS CID fragmentation
chromatogram spectrum MS spectrum
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Lincosamide LC-MS ion-extracted MS CID fragmentation
chromatogram spectrum MS spectrum
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Lincosamide LC-MS ion-extracted MS CID fragmentation MS
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Lincosamide LC-MS ion-extracted MS CID fragmentation
chromatogram spectrum MS spectrum
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Lincosamide LC-MS ion-extracted MS
chromatogram spectrum
N
Sy clla:““ :Ha%H ' 100 527.2433
o # *
CEL-19 m/z 527.2427 |
/ CH, PP 300 525 S0 set
100
100 513.2287
@ Bl
S\/\OJKO\ #
CHy “ J'M']J..' Jlll
ODCEL-19 m/Z5132270 2% sw 7T T B e iz
i
(I;Hg lﬁ 04,'\“ CH;QH 100 569.2879
Hal H %
N _w"p“\ - .»””OH
: |
o @
. o | # 5702888
S\/\o
He” 126.13 I\ .
CELIN-19 m/z 569.2897 o, (I e we T e e
HO% CHjy
fHe T ol w2 100 555.2748
~ O
H
o #
s
He”126.13 >~
ODCELIN-19 m/z 555.2740 ® ™ TR TR ™
i
O, CH;‘OH
HIENES
,,»C\N _OH 100 5552725
H
Q
o
®
w 11211 556.2747
'CH.
NDCELIN-19 m/z 555.2740 ’ e oo Ol PR
2% 500 750 10.00 525 550 575 600
OHO%“‘ CH;QH
N : ‘ 100 541.2572
(8]
# ®
R 112.11 pe2.2613
CHy .
NDODCELIN-19 m/z 541.2583 TR ™ Y ™
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Lincosamide LC-MS ion-extracted MS CID fragmentation
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100 100 547.1889 100 547.19
3.9
o # *® 549.1871
I 0 .
° e T 7 T

| 5331713 53317

N | H ? ‘ 100 100
] s |
b\ | 5351757
747
ODCEL-20 m/z 533.1724 - Lo A . ol , |
Eoaw g O e ™ G550 w0 400 50 ™
' 126.13
CH ’ | 100 560.7384 1007 | 589.23
3
N
# 5912355 ®
0 . ( 373.23
||
#126.13 L o e o s
CELIN-20 m/z 589.2351 a0 T 550 575 600 625 TUTI00 T 4d0
Gy 10 100 575.2183 100 575.22
N
o]} #* || | 577.2192 i
H,c'126.13 I 359].22
ODCELIN-20 m/z 575.2194 1 L\ Trve Y T P -
/ 2 s T 10w U5 5 o e el TTmo o ae ™
100 100 575.2197 100 575.22
. 350.22
# ‘ " §77.2120
a 12,11
Hi112.11 |.\ . R N
NDCELIN-20 m/z 575.2194 @ m wmwe ™ S350 s1s eo0 enC a0 a0 z
H 100 561.2037 00 561.20
o 345.20
» §63.2010
H€112.11 ||
||
o Time
NDODCELIN-20 m/z 561.2037 R R T e roapen Lgmm O - miz

Fig. $20 Lincosamides with incorporated 4-chlorobenzoic acid



Lincosamide LC-MS ion- MS CID fragmentation
extracted spectrum MS spectrum
chromatogram
100 100 5452183 100 54522
@
a OH # 331.19
3\/\0 §46.2283 409.20
CEL-23 m/z 545.2169 | - o |
HO 250 500 750 10,00 560 5'25 550 5:;,5 z 0% 2-UD 4(-)0 Tt miz
100 100 531.2004 100 377
531.20
[o] OH # h
: 532.1979 319
1
o :Jsoh o mry-aat : ; : T miz ot " miz
ODCEL-23 m/z 531.2012 500 525 550 575 100 200 300 400 500
o I 100 5872656 100 587.26
3
N
. | .
[o] OH 1 588.2686
| 5
Hic”126.13 | |'| |‘ 126.13 3?1.24;}51-25
- - Time - - — - O T miz
250 5.00 750 10,00
CELIN-23 m/z 587.2639 "© 550 575 600 625 20 w0
s oo } 100 573.2484 100 573.25
N
#*
o OH * 574.2531 *
He” 126.1 | 1 126.13 359,22 Far.zs
HO E A T Gsés S50 575 oo M ox 200 400 mz
ODCELIN-23 m/z 573.2482
I
0% cHy 100 100 573.2490 100 573.24
H ﬁ H H %H
N ~‘,‘;:\\N e _#OH
H
# ) 359,22
o] OH
He”112.11 e Ll
HO B A N T M 200 400 mz
NDCELIN-23 m/z 573.2482
100 559.2310 100 559.23
n | 345.20
423.22
o OH # ‘
HC"112.11 1l
HOY e Time
500 750 10,00 O 200 400 m

NDODCELIN-23 m/z 559.2325

Fig. S21 Lincosamides with incorporated 2,6-dihydr

oxybenzoic acid




Lincosamide

o,
i o
g
CEL-25 m/z 545.2169
HOY OH
CHs OHON“ CHy
| I H

0.
s
\/\Ojb\
HO OH

ODCEL-25 m/z 531.2012

O,
?H:o“
N

12613
CELIN-25 m/z 587.2639 "o

“126.13
ODCELIN-25 m/z 573.2482

ZI

HyC

112.11

ZI

“ 11211 o
NDODCELIN-25 m/z 559.2325

[s}
S
\/\05@\
HO OF

LC-MS ion-extracted MS CID fragmentation MS
chromatogram spectrum spectrum
100 545.2181 100 545.22
&
*®
2219 331.19
‘ 547.2147 409.20
- T ol o e o . iz
250 500 750 000 500 535 550 575 'z 200 200
100 531.2001 100, 31747
531.20
# ‘l
# ®
| 532.2029
|
|
- Time ol
250 500 750 10.00 1] - - T - miz miz
500 525 550 575 200 400 60O
100 587.2648 0 587.27
# 2 -
| |588.2667
| 451.25
, | N 126.13 3731-2“ (
- Time A - —miz 0 .
250 500 7.50 10.00 550 575 600 625 =50 prT) miz
100
100 573.2483 100 573.25
# ®
‘ 574.2532
| 437.23
| 126.13 35922
W e we S 50 515 6% m
100 573.2487 573.24
359.21
#
574.2421 219.08
437.23
c L
e Time T T 1 iL
¥ ) ¥ g miz
5.00 750 10.00 525 550 575 600 200 400
100 5502204 00, 21821
#
560.2365 34520  559.23
- S IS S I S Y
250 500 TE 1000 525 550 575 600 200 400

Fig. S22 Lincosamides with incorporated 2,4-dihydroxybenzoic acid



Lincosamide

LC-MS ion-extracted

MS CID fragmentation
chromatogram spectrum MS spectrum
T
cH o O Hs?H o 544.2334 100 331.19  544.23
409.20
o # = =
S ™o | 545.2363
CEL-26 m/z 544.2329 | |
HO' NH; 0 e e . " i : ey m YINEWA
2% 800 T8 W i 500 525 550 575 mz 0 200 400 mz
e 00 5302185 100 53022
oM
3n7A7
H O # = =4 395.18
S\/\o)ﬁg\ | 31.2204
HOY Nz o A 0 i L ‘.I |
ODCEL-26 m/z 530.2172 m i m T TE  ww ™ o.ranpenaggreggenl iR Sustisvsasy vt ay el
CHy m 10 586.2780 100 fae
!
# s Es
587.2818
s | ? 136.06
Hc 126.13 ~"o 'l w1328 58620
I\\_ I 0 A - l
CELIN'ZG m/Z 586.2799 HO NHz ) 500 780 000 Time O 5&0 5?5 560 5'25 miz v 2&3 T th T miz
572.2646
CHs c'HOJ,%_ CH;3 00 100 572.27
| I H
~ LoOH
* &
Ho2 " 573.2674 359,22 437.23
s 323.13
ke 126.13 \/\OJEICI\ |., |
s . - - Qe vy miz
"e N TR TR e ™ 5% 50 575 60 200 400
ODCELIN-26 m/z 572.2642
i
Ou, _CHy ) 572.2663
" |
N
o] # g
S\/\ ‘ 9?3.2381
Hie 112,11 ° |
HO' NHz ! fome
NDCELIN-26 m/z 572.2642 FOsw TR o 525 350 575 600
" ‘|:|' " 100
- H 0 558.2480 100 558.25
Q.
345.20 Ho O .
s & ES
~"o 559.2504
Hie” 112.11 _ 358. 55025
HO NH; || 345.20
NDODCELIN-26 m/z 558.2485 ==
Fig. $23 Lincosamides with incorporated 4-amino-2-hydroxybenzoic acid



Lincosamide LC-MS ion-extracted MS CID fragmentation

chromatogram spectrum MS spectrum

100 562.1980 100 562.20

& N 331.19

- 2 564.1968 #
|
cEl. 27 m/z 562-199035@\""_‘2 o 5on| e A o e B o miz ot = " s ik iz
HO, CHy

Cle ﬁr ; %H 100 548.1855 100 548.18

nvar

o * # 550.1833

§ﬂ
; U
T
E
g
o
!

cl NH; 500 waE T e e we ™ T200 0 400 m
ODCEL-27 m/z 548.1833
tlil-ts 100 £04.2453 100 604.25
N
» = 606.2416 #
37324
HaC 126.13 |I ]2&.13
[ . ol ,
CELIN-27 m/z 604.2460 « NH T mww ™ VTR Twa0 6% 550'“‘2 T 200 400 600
:|:H, glzl.":“% . 3?,_, " 100 590.2281 100 580.23
N
\H L#OH
# 592 2258
# 92 359.22
126.13
HiC' 126.13 ‘I ).
cl R I N R 400 00"
ODCELIN-27 m/z 590.2303
* 590,2286 208.10
i ] 100 : 100 3022
# ‘ 5022274 560.23
e 112.11 [ 1
- SN - . ol 1l |
cl % sk 1m 03 : . panlls] 200 200 wg"l
NDCELIN-27 m/z 590.2303 S0 918 00 s
100,
K 100 576.2155 100 345.2052
576.2155
o] #
| 578.2155
HyC' 112.11] |
cl NHy |"»...h_.. e 1 o Il|||z-|| bk
NDODCELIN-27 m/z 576.2146 N NG oo w0

Fig. $24 Lincosamides with incorporated 4-amino-2-chlorobenzoic acid



Lincosamide
e

CH; O, Mac:H

| I H H

CEL-28 m/z 581.1491 .

Cl

HO,
CHy o ™
| I H

N C
C 3_.«»& ~x
H

[¢]
317.17

S\/\O

1,c’126.13
CELIN-28 m/z623.1961 «

Hsc'126.13

Cl

ODCELIN-28 m/z 609.1804

ZT

He112.11

Cl
NDCELIN-28 m/z 609.1804

HiC 112,11

cl
NDODCELIN-28 m/z 595.1647

0.
SV“JEQ
'Cl

LC-MS ion-extracted MS
Chromatogram Spectrum
100
100 581.1500
583.1489
#
Lr . . mz
250 500 750 1000 - 550 575 600 625
‘ 100 567.1339
569.1304
*
| *
11—
Y im Tm wm ™ 0525 550 575 600 mz
100
100 B23.1944
925.1935
-
| #*
|
AL
B R P
100 609.1783
611.1774
#
|| 3
AN Tme O miz

100

575 600 625 650

100 609.1724
611.1722
7
*
Time O

5685.1632

597.1613

CID fragmentation

MS spectrum

100 581.15
33119
0 miz
200 400
100 567.13
#
3718
0 miz
200 400
100 623.18

%

24023 35922

585.16

"550 575 600 625

Fig. S25 Lincosamides with incorporated 2,4-dichlorobenzoic acid

miz

100

4‘ 34520

ot Lk U e
200 | 400

600



Lincosamide

CEL-30 m/z 545.2169 "
OH
cH HO;,'\ CHJOH
P H, H 3
R A0
317.17 H O
S ™
ODCEL-30 m/z 531.2012 OH
OH
(o]
OH
CHy
|
N,
o]
"€ 126.13

ODCELIN-30 m/z 573.2482

ZI

S0
112.11
NDCELIN-30 m/z 573.2482 o

112.11

NDODCELIN-30 m/z 559.2325

Fig. S26 Lincosamides with incorporated 3,4-dihydroxybenzoic acid

LC-MS ion-extracted MS CID fragmentation
chromatogram spectrum MS spectrum
100,
100 545.2160 100 545,22
* 2 331.19
6.2167
Tine - - o T 7 miz
2% 500 75 10.00 500 525 S50 575 200 400
100
100 531.2014 100 531.18
3MTAT
i » *
| 532.2043
II
ok} 0 - e - 0 v valill
250 5.00 7.50 10.00 T 500 525 550 srng 100 200 300 400 500 :
100 587.2625 100 587.26
*
588.2656
373.24
126.13 |
o oll
R TR TR I o 57 0 6B Tt "0 00 mz
100
‘ 100 573.2493 100 573.25
§?A.25'|9
‘ 350.22
126.13
il e 0 - miz 1 H E— * miz
250 500 750 0.00 525 550 575 600 200 400
100 573.2455 100 359.22
573.25
*
74.2491
LA -0 SN I I O NN O
250 500 750 10.00 525 650 575 600 200 400
- 559.23
100 559.2330 100 .
345.20
“ &
560.2368
OH ” ’
S e I U obemp o d L il
250 spa | 750 oo 525 550 575 600 200 400



Lincosamide
I
Gy g O CHagH

S\/\o

cl

"“126.13
CELIN-31 m/z 623.1961

"€ 126.13

ODCELIN-31 m/z609.1804

HyC

112.11
NDCELIN-31 m/z 609.1804

o]

ZI

HyC
112.11

[
NDODCELIN-31 m/z 595.1647

Cl

LC-MS ion-extracted MS CID fragmentation
chromatogram spectrum MS spectrum
100 581.1486 i 581.15
583.1470
# #
331.19
0 A n I
. P e we M
100 100 567.1302 100 567.13
569.1302
Ly # *®
31747
. L., 0 . |
ELT R I T 525 550 575 600 200 400 mz
100-
‘ 100 623.1955 00 623.19
625.1946
’ |
®
|
f 126.13 3731-2‘
Tt Pt - L
0 s TE 00 575 600 625 650 200 400 so0™*
100 609.1821 100 609.18
611.1794
#
359,22
I . 113812 " 38029
W sm TR wm ™ 5 e 63 e M2 " 200 400 800
kL
100 609.1766 100 609.18
611.1718
# ‘ 359.21
A S NS *.—~L ol L. sk iz
F1 T T R 575 600 625 650 200 400
100 595.1626 100 595.16
507.1596
34520
|
| ||H\
o | A - I l
SR S— ol L.
L 550 575 600 625 200 400 08"

Fig. $27 Lincosamides with incorporated 3,4-dichlorobenzoic acid



Lincosamide

LC-MS ion-extracted MS CID fragmentation
chromatogram spectrum MS spectrum

100 545.2166 100 54522

& 331.19

546.2191
OH 1
TR ™ osoo 555 sko &5 M % ™
100

531.2014 N7AT

389.18 531.20

100
#
H
\

500 525 550 G

100200300400500

EHJ . | 100 587.2632
0 &
oH 588.2668
H:€'126.13 h s 32
CELIN-33 m/z 587.2639 T ww ™ O Eo o wo el o miz
OH
HO,, _CH;
s T ucl w 9" “ 100 573.2468 100 573.25
~n ~OH
H
a » .
S~ H 574.2500
Hi¢'126.13 © 126.13
ODCELIN-33m/z573.2482 | o w S ora ™ *mm
K 573.2460 573.25
‘ 100 350.22 :
i |
.
OH
H€"112.11 I
1 |l
NDCELIN-33 m/z 573.2482 . \
OH o s T % 50 58 e
HO,, CH“QH
H | H H &
N N o _OH
H

§59.2320

o
. 0
H OH
H€ 112,11 >~ #
| 560.2346
OH |
NDODCELIN-33 m/z559.2325 L. .

525 550 575 600

Fig. $28 Lincosamides with incorporated 3,5-dihydroxybenzoic acid

100 §50.23

521

200 400



Lincosamide LC-MS ion-extracted MS CID fragmentation
chromatogram spectrum MS spectrum

581.1506 581.15

583.1473

o]
o % 8
(3 E

331.19
250 5.00 7.50 10,00 T 5'50 575 660 l’.ué5m‘lz ' ‘200 4IOD Tmz
a
o o Ou, . CHy
I - y S 100 ‘ 100 567.1308 . 567.13
569.1323
o ” ‘ "
ci
l 317147
™ ";\s? o O e miz T miz
ODCEL-34 m/z 567.1334 | 52 50 1 e 200 460
CHy
cl' CH 10
:l:H3 ﬁ o !QH ] 100 623.1967 100 §23.20
N \: (P O 625.1958
" |
*
o -
s ci
HiC 126.13 " )\ . . 12613 37324
Tene
: : Y 7
CELlN-34m/2623.1961 25 500 750 10:00 575 600 625 650
[+]
oy HOy, CHJ(_JH
hl‘ 100 609.1788 100 609.18
) 811.1779
o
o #
cl |
HiC" 126,13
| 126.13 359|_22
1\ o . L
0DCELIN-34m/2609.1804 & o Tw o ws ™ U TEE sho 635 6k - s PrIR Y
100
H | 100 609.1755 100 609,18
N,
811.1705
a y ‘ # 359.22
cl
He112.11 I
[, 0 1 L miz

e 0 . miz — - -
NDCELIN-34 m/z609.1804 | ™ ™ ™ T e e oo

100 595.1620 100 595.16
597.1506
345.20
HiC
s @ e we Oy e e M o zmhjllﬁoL' éoom
NDODCELIN-34 m/z 595.1647

Fig. $29 Lincosamides with incorporated 3,5-dichlorobenzoic acid



Lincosamide

- HOu, cmo
| I w H 3
N MC\N ;
i ] H
317.17

ODCEL-35 m/z 53 1.2012

ne 126.13

CELIN-35 m/z 587.2639 ™

He 126.1

ZI
I

He® 112.11

ZI
B=0
S

Hie” 112.11

HO
NDODCELIN-35 m/z 559.2325

HO

ODCELIN-35 m/z 573.2482

Ok

\/\O H
|I\.|
- Tme (b iy
%0 500 750 1000

OH 0O
s OH
\/\O/lkl/(j/

LC-MS ion-extracted MS CID fragmentation
chromatogram spectrum MS spectrum
100 5452171 100 545.21
* ®
2228 331.19
e TTm o m we T O ! - : miz 0 T t - miz
500 525 550 575 200 200
100 100 531.2004 100 531.20
*
& & 317.18
2036
A |
“m'z 0 ot miz
500 1000 100 200 300 400 500
I 100 587.2649 100 587.26
&
‘ 588.2683
fl 126.13 3?3;-2‘
Tee O bmrmpermer - miz T -
0 s Ts0 w000 550 575 600 625 200 400 mz
100
100 573.2463 100 573.25
* *
574.2473
e I TR we ™ 05é5 550 575 600 Wz
100 100 573.2466 100 573.24
# ® 359.22
574.2526
L\ Tene Oy - - miz 0 - ! .J' miz
2% se0 7% 6o 525 550 575 600 200 400
‘ . 559.2320 100 550.23
345.20
.y # #
‘ 560.2360
|
Tiene - — T 0 -
20 om0 TR0 00 525 550 575 600 200 400 mz

Fig. S30 Lincosamides with incorporated 2,5-dihydroxybenzoic acid



Lincosamide LC-MS ion-extracted MS CID fragmentation

chromatogram spectrum MS spectrum
G l 100 561.2126 10 56122
# ‘ & & 331.18
" 562.2313
| ?
k) e F L L
on & Ts e O TS ™ O e T
OH
not prepared
OH
OH
OH
i
o o Ou,_ CH:‘QH
hll I w HOE "
. -v":x” L0 1 100 603.2582
0 ‘
S o Ho s
e 126.13 ® 00 2505
CELIN-38 m/z 603.2588 o ‘
OH I
W e Tw e T T ae
CHy
N 589.2422
(o]
Hic” 126.13
590.2523
ODCELIN-38 m/z589.2431 |, bt ettt s e LU
i
100 589.2427 100, 589.24
Q
OF ,
# 2
HC 112,11 ‘ 500.2457 590.25
- 359.22
NDCELIN-38 m/z 589.2431 o« \ - 0 e o N
25 500 750 1000 550 575 600 625 200 Y BDOM
i 100 575.2069 100 575.23
0 ‘
OH # & #]
HaC 112.11 ‘ 576.2305
Ho| 345.20
L 0 miz

OH 750 500 750 10,00 L c 7 . iz T
NDODCELIN-38 m/z 575.2274 % S0 51 00 6 20 400

S$31 Lincosamides with incorporated 3,4,5-trihydroxybenzoic acid

Fig.



Supplementary references

J. Janata, S. Kadlcik, M. Koberska, D. Ulanova, Z. Kamenik, P. Novak, J. Kopecky, J. Novotna, B.
Radojevic, K. Plhackova, R. Gazak, L. Najmanova, PLoS One, 2015, 10, e0118850.

T. Kieser, M. Bibb, M. Buttner, K. Chater, D. Hopwood, Practical Streptomyces Genetics. Norwich,
UK: The John Innes Foundation. 2000, 613.

L. Najmanova, D. Ulanova, M. Jelinkova, Z. Kamenik, E. Kettnerova, M. Koberska, R. Gazak, B.
Radojevic, J. Janata, Folia Microbiol., 2014, 59, 543.

R. M. Atlas, Handbook of microbiological media; R. M. Atlas, editor: CRC press. 2010.
H. Schagger, W. A. Cramer, G. von Jagow, Anal. Biochem., 1994, 217, 220.

M. Kearse, R. Moir, A. Wilson, S. Stones-Havas, M. Cheung, S. Sturrock, S. Buxton, A. Cooper, S.
Markowitz, C. Duran, T. Thierer, B. Ashton, P. Mentjies, A. Drummond, Bioinformatics, 2012, 28,
1647.

K. Katoh, D. M. Standley, Mol. Biol. Evol., 2013, 30, 772.

European Committee for Antimicrobial Susceptibility Testing (EUCAST), Clin Microbiol Infect, 2003,
9 (8), ix-xv.



