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Supplementary Figures 

Supplementary Figure S1. Multiple sequence alignment of putative PL kinases highlighting lid cysteines 

(Cys) (green) and catalytic bases Cys (C) and Asp (D) (blue) using Clustal O (1.2.4).2 Sequences of S. aureus 

USA300 (UniProt ID: A0A0H2XGZ0, SaPLK), E. faecalis V583 (UniProt ID: Q839G7, EfPLK), B. subtilis 168 

(UniProt ID: P39610), L. monocytogenes EGD-e (UniProt ID: Q8Y971), E. coli K12 (UniProt ID: P77150, EcPLK), 

P. aeruginosa PAO1 (UniProt ID: Q9HT57, PaPLK), V. vulnificus CMCP6 (UniProt ID: Q8D4Q2), S. typhimurium 

LT2 (UniProt ID: Q8ZPM8) and Homo sapiens (UniProt ID: O00764, hPLK) were aligned. 
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Supplementary Figure S2. IPMS studies of PLKs. (A) Time-dependent modification of SaPLK wt with A-PM-I 

(100 eq.). (B) IPMS analysis of hPLK after treatment with A-PM-I for 24 h (100 eq). 
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Supplementary Figure S3. Gel-based labeling of recombinant SaPLK mutant (C110A). The enzyme was 

incubated with probes (10 eq.) for 24 h and visualized via SDS-PAGE. 
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Supplementary Figure S4. Close-up view of the PL-binding site of (A) the Gram-positive SaPLK (thiD, PDB 

code: 4C5L, pink)3 and (B) Gram-negative EcPLK (pdxY, PDB code: 1TD2, gray).4 The left panels present the 

respect binding sites with PL (gray stick model) as previously obtained by co-crystallization.3,4 The structures of A-

PM-P1 (blue stick model, middle panel) and A-PM-P2 (green stick model, right panel) have been modeled into the 

available X-ray crystal structures using atoms of the covalently bound PL as reference points. For SaPLK, the 

alkyne handle positioned at the 3’-OH group in A-PM-P1 can slot next to the -hairpin and Val142 (A, middle panel), 

as indicated by the green circle. Consequently, the arrow indicates the conformational change of the lid loop and 

its lid Cys110 to react with the warhead of the accommodated probe. In contrast, the alkyne moiety positioned at 

the 2’-methyl group in A-PM-P2 clashes with the first -strand in SaPLK (A, right panel), highlighted by the red 

circle. Vice versa, in EcPLK, A-PM-P1 clashes with Thr45 located at the small-helix-loop secondary structural 

element (B, middle panel, red circle) while A-PM-P2 fits well into the binding pocket and conformational change as 

well as covalent engagement with the lid Cys122 is indicated by the arrow (B, right panel). 
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Supplementary Figure S5. Target identification by chemical proteome profiling and target validation in 

E. faecalis. (A) Gel-based labeling of recombinant EfPLK. Wild type and mutant (C110A) enzymes were incubated 

with probes (10 eq.) for 24 h and visualized via SDS-PAGE. The volcano plots show enrichment of proteins after 

treatment (24 h) of E. faecalis (B) A-PM-P1 (10 M) and (C) A-PM-P2 (10 M) on a log2 scale. The vertical and 

horizontal threshold lines represent a log2 enrichment ratio of 1 and a -log10 P value of 2 (two-sided two-sample t-

test, at least n = 3 independent experiments per group), respectively. (D) Profile plot representation of proteomic 

data showing LFQ intensities of EfPLK after treatment of intact E. faecalis cells with A-PM-P1 (10 M and 50 M) 

and A-PM-P2 (10 M and 50 M) (at least n = 3 independent experiments per group). (E) Influence of the 

compounds A-PM-I, Cl-PM-I and ginkgotoxin on EfPLK phosphorylation activity. Activity was measured after 

incubation for 2 h at 25 °C (n = 3 independent experiments per group; data represent the mean ± SEM). 
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Supplementary Figure S6. Determining the concentration of overexpressed PLKs in lysate using ImageJ. 

(A) Gel containing varying concentrations of recombinant EcPLK wt as well as overexpressed PLK lysates. (B) Gray 

values for recombinant enzyme bands were analyzed using ImageJ and a calibration curve was calculated. 

(C) Calibration curve was used to determine the protein concentration of PLKs in lysates. 
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Biological Methods 

Media and Buffers 

Supplementary Table S1: Media. 

M
e

d
ia

 

LB-medium (1 L) B-medium (1 L) BHB-medium (1 L) 

5 g Peptone 
2.5 g Yeast extract 
2.5 g NaCl 
pH 7.5 in 1 L ddH2O 

10 g Peptone 
5 g Yeast extract 
5 g NaCl 
1 g K2HPO4 
pH 7.5 in 1 L ddH2O 

7.5 g Brain infusion 
10 g Peptone 
5 g NaCl 
10 g Heart-infusion 
2.5 g Na2HPO4 
2 g Glucose 
pH 7.4 in 1 L ddH2O 

 

Supplementary Table S2: Buffers. 

B
u

ff
e

rs
 

PBS SEC-buffer K-buffer 

10.0 mM Na2HPO4 
1.80 mM KH2PO4 
140 mM NaCl 
2.70 mM KCl 
pH 7.4 in ddH2O 

50 mM HEPES 
250 mM NaCl 
pH 8.0 in ddH2O 

50 mM HEPES 
50 mM KCl 
10 mM MgCl2 

pH 7.9 in ddH2O 

 

Supplementary Table S3: His-tagged protein buffers. 

H
is

-t
a

g
g

e
d

  

p
ro

te
in

 b
u

ff
e

rs
 

Lysis buffer Wash buffer 1 Wash buffer 2 Wash buffer 3 Elution buffer 

20 mM HEPES 
10 mM Imidazol 
150 mM NaCl 

2 mM -Mercapto-

ethanol (-ME) 
0.2% (v/v) NP-40 
pH 8.0 in ddH2O 

20 mM HEPES 
10 mM Imidazol 
150 mM NaCl 

2 mM -ME 
pH 8.0 in ddH2O 

20 mM HEPES 
10 mM Imidazol 
1 M NaCl 

2 mM -ME 
pH 8.0 in ddH2O 

20 mM HEPES 
40 mM Imidazol 
150 mM NaCl 

2 mM -ME 
pH 8.0 in ddH2O 

20 mM HEPES 
500 mM Imidazol 
150 mM NaCl 

2 mM -ME 
pH 8.0 in ddH2O 

 

Supplementary Table S4: SDS-PAGE buffers. 

S
D

S
-P

A
G

E
 

b
u

ff
e

rs
 

Running gel (10×) Loading buffer (2×) Staining solution Destaining solution 

24.8 mM Tris/HCl 
192 mM Glycine 
3.5 mM SDS 
pH 8.3 in ddH2O 
 

63 mM Tris/HCl 
10% glycerol 
0.25 ‰ (w/v) Bromphenol blue 
2% (w/v) SDS 

5% (w/v) -ME 
in ddH2O 

0.25% (w/v) Coomassie 
brilliant blue R250 
10% (v/v) Acetic acid 
50% (v/v) Ethanol abs. 
in ddH2O 
 

10% (v/v) Acetic acid 
20% (v/v) Ethanol abs. 
in ddH2O 
 

 

Bacterial Strains 

E. coli K12, which is classified for biosafety level 1, was handled on an open bench under 

sterile conditions. All other bacteria are categorized within biosafety level 2 and were handled 

in biosafety cabinets only (Supplementary Table S5). 

For pre-cultures, 5 mL media were inoculated with bacteria and grown at 200 rpm at 37 °C. 
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Supplementary Table S5. Bacterial strains and media. Transposon mutants were cultured in the presence of 

erythromycin (ERY). 

Species Strain Medium 

S. aureus wt USA 300 LAC JE2 B 

S. aureus SAUSA300_0562 

(thiD, here SaPLK) 
USA 300 Nebraska transposon mutant library B (10 g mL-1 ERY in EtOH) 

S. aureus SAUSA300_2631 

(putative N-Acetyltransferase) 
USA 300 Nebraska transposon mutant library B (10 g mL-1 ERY in EtOH) 

E. faecalis V583 BHB 

E. coli K12 LB 

P. aeruginosa PAO1 LB 

 

Cloning 

Recombinant PLK (pdxY) proteins of E. coli K12 (UniProt ID: P77150) and P. aeruginosa 

PAO1 (UniProt ID: Q9HT57) were constructed to carry an N-terminal His6-tag. The 

Invitrogen™ Gateway™ cloning system (Thermo Scientific) was used following the 

manufacturer’s cloning protocol. Primers for wild type (wt) genes were designed to carry attB1 

or attB2 sequences (Supplementary Table S6) to shuffle the respective PCR products into 

donor vector pDONR201Kan (pDONR201_EcPLK_wt, pDONR201_PaPLK_wt) and destination 

vector pET300Amp (pET300_EcPLK_wt, pET300_PaPLK_wt). 

Mutant plasmids (pET300_EcPLK_C122A, pET300_PaPLK_C124A) were obtained using the 

QuikChange II site-directed mutangenesis protocol (Agilent) with the respective pET300 wt 

plasmids as DNA templates. The primer sequences (Supplementary Table S6) were designed 

using QuikChange Primer Design (Agilent). After amplification of the desired mutant plasmid 

using Phusion HF Polymerase, the wt plasmids were digested by DpnI and the remaining 

mutant plasmids were transformed into chemically competent E. coli XL1-Blue, which were 

subsequently plated on LB agar supplemented with appropriate antibiotic (Supplementary 

Table S7). Single colonies were picked and grown in 5 mL LB medium containing appropriate 

antibiotic. On the next day, plasmid DNA was isolated using E.Z.N.A. Plasmid mini Kit I 

(OMEGA Bio-Tek) according to the manufacturer’s protocol. The plasmid concentration was 

measured using an Infinite® M200 Pro plate reader with a NanoQuant plate (Tecan Group Ltd.) 

and the sequences were verified by DNA sequencing (Genewiz). Plasmids (Supplementary 

Table S7) were transformed into chemically competent E. coli BL21 (DE3) cells for protein 

expression. 
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Supplementary Table S6. Primers used for Gateway cloning and QuikChange site-directed mutagenesis. AttB1- 

and attB2-sequences are indicated in lower case. 

Primer name DNA sequence (5’  3’) 

E. coli pdxY wt fwd w/ attB1 ggggacaagtttgtacaaaaaagcaggctttATGATGAAAAATATTCTCGCTATCC 

E. coli pdxY wt rev w/ attB2 ggggaccactttgtacaagaaagctgggtgTCAGAGCTTTGTTGCGCT 

E. coli pdxY C122A fwd GTCATCCGGAAAAAGGCGCTATCGTTGCACCGGGTG 

E. coli pdxY C122A rev CACCCGGTGCAACGATAGCGCCTTTTTCCGGATGAC 

P. aeruginosa pdxY wt fwd w/ attB1 ggggacaagtttgtacaaaaaagcaggctttATGCCACGTACGCCCCAC 

P. aeruginosa pdxY wt rev w/ attB2 ggggaccactttgtacaagaaagctgggtgCTAAAGGCGCACTGCGTCGAA 

P. aeruginosa pdxY C124A fwd CCCGGAAAAAGGCGCCATCGTGGCCCCG 

P. aeruginosa pdxY C124A rev CGGGGCCACGATGGCGCCTTTTTCCGGG 

 

Supplementary Table S7. Plasmids used or prepared in this study. 

Plasmid Gene – UniProt ID Resistance (final concentration) Source 

pDONR201 empty Kanamycin (25 g mL-1) Invitrogen 

pET300 empty Ampicillin (100 g mL-1) Invitrogen 

pDONR201_EcPLK_wt pdxY – P77150 Kanamycin (25 g mL-1) This study 

pET300_EcPLK_wt pdxY – P77150 Ampicillin (100 g mL-1) This study 

pET300_EcPLK_C122A pdxY – P77150 Ampicillin (100 g mL-1) This study 

pDONR201_PaPLK_wt pdxY – Q9HT57 Kanamycin (25 g mL-1) This study 

pET300_PaPLK_wt pdxY – Q9HT57 Ampicillin (100 g mL-1) This study 

pET300_PaPLK_C124A pdxY – Q9HT57 Ampicillin (100 g mL-1) This study 

 

Protein Overexpression and Purification 

For protein overexpression, 1 L LB medium containing 100 g mL-1 ampicillin was inoculated 

(1:100) with overnight cultures of the corresponding expression strains and grown to an 

OD600 of 0.6 (37 °C, 200 rpm). To induce protein overexpression, isopropyl-1-thio-β-D-

galactopyranoside (IPTG) was added (EcPLK wt: 1mM, EcPLK C122A: 1mM, PaPLK wt: 

10 M, PaPLK C124A: 10 M) and bacteria were incubated under the following conditions: 

EcPLK wt: 22h, 25 °C; EcPLK C122A: 22h, 18 °C; PaPLK wt: 22h, 18 °C, PaPLK C124A: 22h, 

18 °C. Bacteria were harvested (6,000 g, 10 min, 4 °C), washed with PBS and resuspended in 

30 mL lysis buffer. Lysis was performed by sonication using the following protocol twice: 7 min 

at 30% intensity, 3 min at 80% intensity (Sonopuls HD 2070 ultrasonic rod, Bandelin electronic 

GmbH). The supernatant was cleared (18,000 g, 30 min, 4 °C) and transferred into a 

Superloop (GE Healthcare) for loading onto a 5 mL pre-equilibrated HisTrap HP column (GE 

Healthcare) installed at an ÄKTA Purifier 10 FPLC system equipped with a UV-detector 

(UPC900, P900, Box 900, Frac950, Thermo Fisher). The column was washed using the 
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following buffers: Wash buffer 1 (40 mL), wash 2 buffer (40 mL), wash 3 buffer (40 mL), and 

the protein was eluted with elution buffer (25 mL). Fractions containing proteins were pooled 

and concentrated using ultra-centrifugal filters (Amicon, 10 kDa cut-off). Next, preparative size-

exclusion chromatography was performed using a 120 mL pre-equilibrated Superdex column 

(HiLoad 16/60 Superdex 75 or 200 prep grade, GE Healthcare) and SEC buffer (1.5 column 

volumes). Homodimeric protein fractions were pooled, concentrated and protein concentration 

was measured on an Infinite® M200 Pro plate reader with a NanoQuant plate (Tecan Group 

Ltd.) using the following extinction coefficients: EcPLK wt:  = 29,910 M-1 cm-1; EcPLK C122A: 

 = 29,910 M-1 cm-1; PaPLK wt:  = 26,930 M-1 cm-1; PaPLK C124A:  = 26,930 M-1 cm-1). The 

proteins (EcPLK wt: 1.6 mM, EcPLK C122A: 586 M, PaPLK wt: 332 M, PaPLK C124A: 

496 M) were stored at –80 °C in SEC buffer. 

N-terminally STREPII-tagged SaPLK wt (sav0580, S. aureus Mu50, with TEV site) and 

SaPLK C110A as well as EfPLK wt (EF_0202, E. faecalis V583) and EfPLK C110A were 

prepared as previously described.3 

 

Intact Protein Mass Spectrometry (IPMS) 

Recombinant protein was diluted in 49 L K-buffer to a concentration of 5 M, and compound 

was added to a final concentration of 500 M and samples were incubated for 24 h (if not 

stated differently) at r. t. without shaking. Proteins were analyzed on a LTQ FT UltraTM mass 

spectrometer (Thermo Scientific) equipped with electrospray ionization (ESI) source operated 

in positive ionization mode coupled to a Dionex Ultimate 3000 HPLC system (Thermo 

Scientific). Intact protein spectra were deconvoluted by the Thermo Xcalibur software 2.2 

(Thermo Scientific). 

 

PLK Inhibition Assay 

A previously published kinase activity assay was performed with slight modifications.5 Briefly, 

110 L K-Buffer containing 2 M recombinant protein (SaPLK wt and EfPLK wt) was pre-

incubated (2 h, 25 °C, 200 rpm) with 1.1 L compound (final concentration: 1 M – 1 mM, final 

concentration of DMSO 1% (v/v)) or DMSO in a 96-well flat bottom transparent plate. To start 

the activity assay, 98 L of the pre-incubated samples were added to 1 L ATP (250 mM in K-

buffer, final concentration 2.5 mM) and 1 L PL (200 mM in K-buffer, final concentration 2 mM) 

and the absorption at 388 nm was recorded (45 minutes, 25 °C, intervals of 75 seconds) using 
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an Infinite® M200 Pro plate reader (Tecan Group Ltd.). The slope of the curve in the linear 

range was obtained via linear regression using Prism 5.03 (GraphPad). Values were 

normalized to DMSO-treated samples (100% activity) and samples without recombinant 

protein (negative controls, 0% activity). The assay was performed in three independent 

experiments with three technical replicates each. 

 

PLK Activity Assay in Lysate 

Kinase activity was determined in lysate of expression strains for E. coli and P. aeruginosa 

PLK wild types and mutants. BL21 (DE3) without plasmid was used as a negative control to 

identify the basal PLK activity level. For overexpression, LB medium containing 100 g mL-1 

ampicillin (for negative control without antibiotic) was inoculated (1:100) with overnight cultures 

of the corresponding expression strains and grown to an OD600 of 0.6 (37 °C, 200 rpm). To 

induce protein overexpression, IPTG was added to a final concentration of 10 M and bacteria 

were incubated under the following conditions: BL21 (DE3): 3 h, 37 °C, EcPLK (wt and 

C122A): 3 h, 37 °C, PaPLK (wt and C124A): 22h, 18 °C. Cultures were harvested (6,000 g, 

10 min, 4 °C), washed with PBS and resuspended in K-buffer to a calculated OD600 of 40. Lysis 

was performed by sonication (3 min, 80%, Sonopuls HD 2070 ultrasonic rod, Bandelin 

electronic GmbH) on ice. The supernatant was cleared by centrifugation (18,000 g, 30 min, 

4 °C), aliquoted and stored at –80 °C. The concentration of overexpressed PLK in lysate was 

determined semi-quantitatively. For that, varying concentrations of recombinant E. coli PLK wt 

were loaded on a gel and gray values of protein bands were measured using ImageJ 

(Supplementary Figure S6A–B). A calibration curve was calculated, which was used to 

determine the concentration of overexpressed PLK in lysates (Supplementary Figure S6C). 

For the assay, lysates were diluted in K-buffer to a final concentration of 5 M overexpressed 

PLK (98 L final volume) and were incubated with 1 L ATP (250 mM in K-buffer, final 

concentration 2.5 mM) and 1 L PL (100 mM in K-buffer, final concentration 1 mM) at 37 °C. 

Over a time period of 16 h, the absorption at 388 nm was recorded every 15 minutes on a 

Tecan Infinite M200Pro plate reader (Thermo Fisher). The slopes of the curves in the linear 

range was determined via linear regression using Prism 5.03 (GraphPad). Using the PLP 

extinction coefficient ( = 5444 M-1 cm-1), slope values were transformed into PLP formation 

rates per hour. Samples containing lysate of untransformed BL21 (DE3) were included as 

negative controls and values were subtracted from the formation rates of PLK overexpression 

strains. The obtained rates indicate the in-lysate PLK phosphorylation activity of 5 M 
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overexpressed PLK as PLP formation rate per hour. The assay was performed in three 

independent experiments with three technical replicates each. 

 

Labeling of Recombinant PLK 

Recombinant PLK was diluted in 50 L K-buffer or S. aureus lysate (1 mg mL-1 protein in PBS) 

as background to a final concentration of 1 M. For heat control samples, SDS was added to 

a final concentration of 0.4% (w/v) and the solution was heated (95 °C, 30 min). All solutions 

were incubated with 1 L probe (50× stock) in varying concentrations or DMSO at r. t. for 24 h 

(if not stated differently) without shaking. Afterwards, the samples were subjected to click-

reaction by adding 1 L rhodamine azide (5 mM in DMSO), 1 L tris(2-carboxyethyl)posphine 

(TCEP) (52 mM in ddH2O), 3 L 1 × tris(benzyltriazoyl-methyl)amine (TBTA) (1.67 mM stock) 

and 1 L CuSO4 (50 mM in ddH2O). After incubation at r. t. for 1 h, 50 L loading buffer (2×) 

was added. Samples were analyzed by SDS-PAGE. 

SDS-PAGE. For sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE), gels 

containing 12.5% (v/v) acrylamide were used. 20 to 50 L sample, protein marker Roti®-Mark 

Standard (Carl Roth) and fluorescent marker BenchMarkTM Fluorescent Protein Standard 

(Thermo Fisher) were added to the gel. The gels were run at 150 V for 2.5 h in an EV265 

Consort (Hoefer). Fluoresence images were recorded on a LAS-4000 (Fujifilm) equipped with 

a Fujinon VRF43LMD3 lens and a 575DF20 filter (Fujifilm). For coomassie staining, gels were 

incubated in coomassie staining solution overnight at r. t. under gentle mixing before 

destaining in destaining solution. 

 

ABPP - Analytical in situ labeling 

Day cultures of S. aureus were used to inoculate 50 mL B-media and bacteria were grown to 

stationary phase (OD600 of 7.6, 12 h). The cells were harvested (5,000 g, 10 min, 4 °C) and 

washed with PBS (15 mL; 5,000 g, 10 min, 4 °C). The pellet was resuspended in PBS to obtain 

a calculated OD600 of 40. To 200 L of OD600 of 40 culture, 2 L 20 mM probe (final 

concentration: 200 M, 1% (v/v) DMSO) or DMSO was added. The cultures were incubated 

(24 h, 25 °C, 800 rpm) and harvested by centrifugation (5,000 g, 10 min, 4 °C). The pellet was 

washed with PBS (2×0.5 mL) and resuspended in 200 L 0.4% (w/v) SDS in PBS. The cells 

were lysed by bead disruption (Precellys 24 Homogenizer, Bertin Technologies) using the 

following cycle three times: 30 sec at 6,500 rpm, with 20 sec cooling break using liquid nitrogen 
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air flow. The lysed cells were transferred to Eppendorf tubes and centrifuged (16,000 g, 30 min, 

r. t.). 50 L supernatant were subjected to click-reaction as described in section “Labeling of 

Recombinant PLK”. The click reaction was stopped by the addition of 50 L loading buffer 

(2×). Samples were subsequently analyzed via SDS-PAGE and fluorescence visualization. 

 

ABPP - Preparative labeling  

Labeling and Lysis. Day cultures of S. aureus, E. faecalis and E. coli were used to inoculate 

fresh media and bacteria were grown to stationary phase (S. aureus: OD600 of 8.3, 12 h; 

E. faecalis: OD600 of 2.0, 6 h; E. coli: OD600 of 3.1, 6 h). The cells were harvested (5,000 g, 

10 min, 4 °C) and washed with PBS (15 mL; 5,000 g, 10 min, 4 °C). Pellets were resuspended 

in PBS to obtain a calculated OD600 of 40. To 1 mL of OD600 of 40 culture, 10 L probe (final 

concentrations indicated in corresponding figures, 1% (v/v) DMSO) or DMSO was added. The 

cultures were incubated (24 h, 25 °C, 800 rpm) and harvested by centrifugation (5,000 g, 

10 min, 4 °C). The pellets were washed with PBS (2×1 mL) and resuspended in 1 mL 0.4% 

(w/v) SDS in PBS for lysis. E. coli samples were lysed by sonication (3×20 s, 80%, Sonopuls 

HD 2070 ultrasonic rod, Bandelin electronic GmbH) with cooling breaks on ice. E. faecalis and 

S. aureus samples were transferred into 2 mL lysis tubes for bead disruption (Precellys 24 

Homogenizer, Bertin Technologies) using the following cycle three times: 30 sec at 6,500 rpm, 

with 20 sec cooling break using liquid nitrogen air flow. The lysed cells were transferred to 

Eppendorf tubes and lysate was cleared (16,000 g, 30 min, r. t.). Protein concentration was 

measured using the Pierce BCA Protein assay kit (Thermo Fisher Scientific, Pierce 

Biotechnology) and sample concentrations were adjusted to equal protein amounts (1-

2 mg mL-1) in a total volume of 500 L. 

Click reaction and protein precipitation. The samples were subjected to click-reaction for 

1 h at r. t. using 3 L biotin-azide (10 mM in DMSO), 10 L TCEP (52 mM in ddH2O), 30 L 

1 × TBTA ligand (1.67 mM stock) and 10 L CuSO4 per 500 L sample. Subsequently, 

proteins were precipitated with ice-cold acetone (4 volumes) at –20 °C overnight, centrifuged 

(16,900 × g, 4 °C, 15 min) and washed twice with ice-cold methanol (1 mL). Pellets were 

resuspended in 500 L 0.4% (w/v) SDS in PBS by sonication (10 sec, 10% intensity, Sonopuls 

HD 2070 ultrasonic rod, Bandelin electronic GmbH). 

Protein enrichment. All aqueous solutions were prepared using MS-grade water. Affinity 

enrichment was performed with avidin agarose resin (A9207 Sigma-Aldrich, pre-washed three 

times with 0.4% (w/v) SDS in PBS (1 mL); 400 × g for 2 min was used to pellet beads; 50 L 
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of bead slurry was used for enrichment). The protein samples were centrifuged (18,000 × g, 

5 min, r. t.), added to the bead suspension and incubated with agitation for 1 h at r. t. The 

samples were transferred to washing columns and beads were washed as follows: 0.4% (w/v) 

SDS in PBS (4×0.6 mL), 6 M urea (3×0.6 mL), PBS (4×0.6 mL).  

On bead digest. The beads with bound proteins were resuspended in 200 L X-buffer (7 M 

urea, 2 M thiourea in 20 mM HEPES, pH 7.5) and reduced by adding 2 L TCEP (5 mM) 

followed by incubation for 1 h (37 °C, 450 rpm). Alkylation was performed with 4 L IAA 

(500 mM in 50 mM triethylammonium bicarbonate (TEAB)) followed by incubation for 30 min 

(r. t., 450 rpm). The reaction was stopped by adding 4 L DTT (10 mM) and incubation of 

30 min (r. t., 450 rpm). The samples were digested by Lys-C (1 L, 0.5 g L-1, Wako) for 2 h 

(r. t., 450 rpm) and diluted with TEAB (50 mM, 0.6 mL). Trypsin (1.5 L, 0.5 g L-1 in 50 mM 

acetic acid, Promega) was added to digest the samples for 16 h (37 °C, 450 rpm). On the next 

day, the reaction was stopped by acidification using formic acid (FA, 10 L, final pH below 3.0). 

Desalting and Filtration. The digested protein samples were centrifuged (16,000 g, 3 min, 

r. t.) and the supernatant was loaded on 50 mg SepPak C18 columns (Waters) equilibrated 

with 0.1% (v/v) trifluoroacetic acid (TFA). The peptides were washed three times with 1 mL 

0.1% (v/v) TFA and 500 L 0.5% (v/v) FA. Afterwards, the peptides were eluted three times 

with 250 L elution buffer (80% (v/v) acetonitrile (ACN), 0.5% (v/v) FA), lyophilized and stored 

at –80 °C until further usage. The lyophilized peptides were dissolved in 25 L 1% (v/v) FA, 

and filtered through 0.22 m PVDF filters (Millipore), which were equilibrated with 300 L 1% 

(v/v) FA. The filtrate was transferred into MS-vials and stored at –20 °C until the measurements 

were performed. 

MS-measurement and data analysis. MS-measurement of S. aureus and E. faecalis 

samples was performed on a Q Exactive Plus instrument equipped with an electronspray easy 

source (Thermo Fisher) coupled to an Ultimate 3000 Nano-HPLC (Thermo Fisher). Samples 

were loaded on a 2 cm Acclaim C18 PepMap100 trap column (particles 3 m, 100 A, inner 

diameter 75 m, Thermo Fisher) with 0.1% (v/v) TFA and separated on a 50 cm PepMap RSLC 

C18 column (particles 2 m, 100 A, inner diameter 75 m, Thermo Fisher) constantly heated 

to 50 °C. The gradient was run from 5–32% (v/v) acetonitrile, 0.1% (v/v) formic acid during a 

152 min method (7 min 5%, 105 min to 22%, 10 min to 32%, 10 min to 90%, 10 min wash at 

90%, 10 min equilibration at 5%) at a flow rate of 300 nL min-1. 

MS-measurement of E. coli samples was performed on a slightly different setup. The 

Q Exactive Plus instrument was equipped with a Nanospray Flex ion source (ES071, Thermo 
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Fisher) and separation of peptides was performed at a flow rate of 400 nL min-1 on a 25 cm 

Aurora Series emitter C18 column (AUR2-25075C18A, particles 1.6 m, inner diameter 75 m, 

Ionopticks) constantly heated to 40 °C. 

MS data on the Q Exactive Plus instrument was acquired with the following parameters: survey 

scans (m/z 300-1,500) were acquired at a resolution of 140,000 and the maximum injection 

time was set to 80 ms (AGC target value 3e6). Data-dependent HCD fragmentation scans of 

the 10 most intense ions of the survey scans were acquired at a resolution of 17,500, maximum 

injection time was set to 100 ms (AGC target value 1e5). The isolation window was set to 

1.6 m/z. Unassigned and singly charged ions were excluded for measurement and the 

dynamic exclusion of peptides enabled for 60 s. The lock-mass ion 445,12002 from ambient 

air was used for real-time mass calibration on the Q Exactive Plus. Data were acquired using 

Xcalibur software (version 4.1.31.9, Thermo Fisher) and MaxQuant (version 1.6.1.0) was used 

to analyze the obtained raw files of the label-free quantification with Andromeda.6 The following 

settings were applied: variable modifications: oxidation (methionine), acetylation (N-terminus); 

fixed modifications: carbamidomethylation (cysteine); proteolytic enzyme: trypsin/P; missed 

cleavages: 2; “No fractions”, “LFQ”, “Requantify” and “Match between runs” were enabled; 

“Second Peptide” was disabled. Searches were performed against the following FASTA files 

from UniProtKB: S. aureus USA300 (taxon identifier: 367830, downloaded: 1 April 2019), 

E. faecalis V583 (taxon identifier: 226185, downloaded:1 April 2019), E. coli K12 (taxon 

identifier: 83333, downloaded: 7 April 2020).7 

Perseus (version 1.6.2.3) was used for analysis.8 The protocol for data-filtering was used as 

follows: (1) LFQ intensities were log2 transformed. (2) Rows were annotated into groups - 

DMSO (control) and probe treatments with corresponding concentration. (3) Potential 

contaminants were removed. (4) Peptides only identified by site were removed. (5) Reverse 

peptides were removed. (6) Rows were filtered for at least 3 valid values in at least one group. 

(7) Imputation of missing values from normal distribution. (8) Annotations derived from data 

banks were added. (9) Volcano plots were created with cut-off lines FDR = 0.05 (95%) and 

s0 = 0.3 based on two-sided two sample Student’s t-tests. 
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Computational Modeling 

Atomic models for A-PM-P1 and A-PM-P2 were generated with JLigand9 and regularized with 

AceDRG.10 Modeling of A-PM-P1 and A-PM-P2 in the PL binding site in the SaPLK3 and 

EcPLK4 X-ray crystal structures using the PL atoms of the pyridine ring as reference was 

carried out in Coot.11 Structural figures were prepared in PyMOL (Schrödinger). 

 

Synthesis 

Chemicals with reagent or higher grade as well as dry solvents were purchased from Sigma 

Aldrich, TCI Europe, VWR, Roth and Alfa Aesar, and were used without any further purification. 

Solvents of technical grade were distilled prior to use. Air- or moisture-sensitive reactions were 

carried out in flame-dried reaction flasks under an argon atmosphere (Argon 4.6, 99.996 Vol. % 

Ar, Westfalen). 

Analytical thin layer chromatography was performed on aluminium-coated TLC silica gel 

plates (silica gel 60, F254, Merck KGaA). For visualization, UV light ( = 254 nm), KMnO4-stain 

(3.0 g KMnO4, 20.0 g K2CO3 and 5 mL 5% NaOH in 300 mL ddH2O), CAM (5.00 g Cer-(IV)-

sulfate, 25.0 g ammoniummolybdate and 50.0 mL concentrated sulphuric acid in 450 mL 

water) or ninhydrine (10 g ninhydrine in 300 mL ethanol) with subsequent heat treatment (ca. 

250 °C) were used. Column chromatography was carried out using silica gel [40-63 m (Si 60), 

Merck KGaA]. 

High Pressure Liquid Chromatography. Purification by preparative, reversed-phase HPLC 

was performed using a Waters 2545 quaternary gradient module equipped with a Waters 2998 

photodiode array detector and fraction collector on a YMC Triart C18 column (250×10 mm, 

5 m). Gradients were run using ddH2O and HPLC-grade acetonitrile as the mobile phase 

(Supplementary Table S8). 
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Supplementary Table S8. Gradients used for HPLC purifications. 

Method A Method B 

t [min] %-H2O %-ACN t [min] %-H2O %-ACN 

0 98 2 0 98 2 

1 80 20 1 98 2 

7 60 40 12 60 40 

8 2 98 13 2 98 

9 2 98 14 2 98 

11 98 2 15 98 2 

13 98 2 17 98 2 

 

Mass-Spectrometry. High-resolution mass spectra (HRMS) were obtained using an LTQ-FT 

Ultra (Thermo Fisher) equipped with an ESI ion source. Data were visualized and processed 

using Xcalibur 2.2 (Thermo Fisher). Low-resolution mass spectra were recorded on an MSQ 

Plus instrument (Thermo Fisher) equipped with a Dionex Ultimate 3000 separation module 

(Thermo Fisher). Data were visualized and processed using Chromeleon 7.2.7 (Thermo 

Fisher).  

NMR-Spectroscopy. 1H-NMR experiments were conducted on Avance-III HD (300, 400 or 

500 MHz) NMR systems (Bruker Co.) at r. t. using deuterated solvents. Chemical shifts are 

given in parts per million (ppm) and residual proton signals of deuterated solvents 

(CDCl3  = 7.26 ppm, MeOD-d4  = 4.87 ppm, DMSO-d6  = 2.50 ppm, D2O  = 4.79 ppm) 

were used as internal reference. Coupling constants (J) are given in Hertz (Hz). For 

assignment of signal multiplicities, the following abbreviations were used: br s – broad singlet, 

s – singlet, d – doublet, dd – doublet of doublets, ddd – doublet of doublet of doublets, t – 

triplet, td – triplet of doublets, q – quadruplet and m – multiplet. 13C-NMR spectra were 

measured on Avance-III HD NMR systems (Bruker Co.) with deuterated solvents. Chemical 

shifts were referenced to the residual solvent peak as an internal standard (CDCl3 

 = 77.16 ppm, MeOD-d4  = 49.00 ppm, DMSO-d6  = 39.52 ppm). Spectra were processed 

using MestReNova (Mestrelab Research). 
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4-(N-Acryloylaminomethyl)-3-hydroxy-5-hydroxymethyl-2-methylpyridine (A-PM-I) 

 

This synthesis was performed according to the protocol published by Ueda et al.12 Briefly, 

pyridoxamine dihydrochloride (350 mg, 1.45 mmol, 1.0 eq.) was dissolved in 5 mL of water. 

Next, NaOH (480 L, 30% in H2O) was added slowly and the solution was stirred for 5 min. 

Afterwards, acryloyl chloride (140 L, 157 mg, 1.74 mmol,1.2 eq.) was added and the reaction 

mixture was stirred for 4 h at r. t. followed by extraction with EtOAc (3×10 mL). The aqueous 

phase was neutralized using 2 N HCl and extracted with EtOAc (3×10 mL). The combined 

organic layers were dried over MgSO4 and the solvent was removed under reduced pressure. 

The residue was dissolved in 5 mL of dry EtOH, HCl(g) was passed through the solution and 

the product was precipitated by the addition of diethyl ether (20 mL). The product was washed 

with diethyl ether (2×10 mL) and the remaining solvent was removed under reduced pressure 

to obtain the product A-PM-I in 6% (25.7 mg, 90.0 mol) yield. 

1H-NMR (500 MHz, D2O):  [ppm] = 8.12 (s, 1H), 6.31 – 6.25 (m, 2H), 5.81 (dd, 

J = 9.2 Hz, 2.3 Hz, 1H), 4.89 (s, 2H), 4.62 (s, 2H), 2.63 (s, 3H). 

13C-NMR (126 MHz, D2O):  [ppm] = 169.2, 153.4, 143.5, 139.5, 137.6, 129.6, 128.63, 128.6, 

58.4, 34.8, 14.7. 

HRMS (ESI) m/z: (C11H15N2O3
+ [M+H]+) found: 223.1077, calc.: 223.1077. 
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N-((5-(Hydroxymethyl)-2-methyl-3-(prop-2-yn-1-yloxy)pyridine-4-yl)methyl)acrylamide 

(A-PM-P1) 

 

A-PM-I (87.0 mg, 400 mol, 1.0 eq.) was dissolved in 4 mL of dry DMF and potassium 

carbonate (57.0 mg, 410 mol, 1.0 eq.) was added. After stirring for 15 min at r. t., propargyl 

bromide (30 L, 47.0 mg, 400 mol, 1.0 eq.) was added dropwise. The mixture was stirred at 

r. t. for 9 h. The solvent was removed under reduced pressure and the crude product was 

purified by column chromatography (10% MeOH/DCM) yielding A-PM-P1 (63.9 mg, 245 mol, 

73%) as a yellow oil. 

TLC: Rf = 0.34 (10% MeOH/DCM, UV). 

1H-NMR (500 MHz, DMSO-d6):  [ppm] = 8.26 (s, 1H), 6.23 (dd, J = 17.1 Hz, 10.1 Hz, 1H), 

6.10 (dd, J = 17.1 Hz, 2.2 Hz, 1H), 5.59 (dd, J = 10.1 Hz, 2.3 Hz, 1H), 5.32 (t, J = 5.3 Hz, 1H), 

4.67 (d, J = 2.4 Hz, 2H), 4.54 (d, J = 5.0 Hz, 2H), 4.44 (d, J = 5.2 Hz, 2H), 3.64 (t, J = 2.4 Hz, 

1H), 2.54 (s, 1H), 2.46 (s, 3H). 

13C-NMR (126 MHz, DMSO-d6):  [ppm] = 164.4, 151.2, 150.8, 144.0, 137.2, 135.1, 131.3, 

125.7, 79.2, 79.0, 61.0, 58.4, 33.9, 19.7. 

HRMS (ESI) m/z: (C14H17N2O3
+ [M+H]+) found: 261.1233, calc.: 261.1233. 
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2-Chloro-N-[3-hydroxy-5-(hydroxymethyl)-2-methylpyridin-4-yl]methyl-acetamide 

(Cl-PM-I) 

 

This synthesis was performed as previously published.13 To a solution of pyridoxamine 

dihydrochloride (154 mg, 640 mol, 1.0 equiv.) in anhydrous methanol (20 mL) at r. t., sodium 

metal (33.8 mg, 1.47 mmol, 2.3 equiv.) and triethylamine (232 L, 1.66 mmol, 2.6 equiv.) were 

added. Next, chloroacetic anhydride (383 mg, 1.47 mmol, 2.3 equiv.) was added and the 

mixture was stirred at r. t. for 22 h. The crude reaction mixture was concentrated in vacuo and 

purified by preparative TLC (20×20 cm, UV254, 2 mm) using EtOAc/hexane (10/1). Fractions 

detected by UV light were scratched from the glass surface and the product was dissolved in 

methanol. The suspension was cooled to 0 °C, filtered and concentrated in vacuo to obtain Cl-

PM-I (29.9 mg, 122 mol, 19 %) as an ocher-colored oil. 

TLC: Rf  = 0.08 (EtOAc/hexane = 10/1, UV). 

1H˗NMR (500 MHz, CDCl3): [ppm] = 9.26 (br s, 1H), 7.88 (s, 1H), 7.85 (br s, 1H), 4.76 (s, 

2H), 4.50 (d, J = 6.7 Hz, 2H), 4.07 (s, 2H), 2.51 (s, 3H). 

13C˗NMR (101 MHz, CDCl3):  [ppm] = 169.2, 150.9, 150.4, 139.5, 132.4, 130.1, 62.3, 42.2, 

36.2, 19.8. 

HRMS (ESI) m/z: (C10H14ClN2O3
+ [M+H]+) found: 245.0687, calc.: 245.0687. 
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2-Chloro-N-[5-(hydroxymethyl)-2-methyl-3-(prop-2-yn-1-yloxy)pyridin-4-yl]methyl-

acetamide (Cl-PM-P1) 

 

Cl-PM-I (19.3 mg, 78.9 mol, 1.0 equiv.) was dissolved in anhydrous DMF (1 mL) before 

K2CO3 (10.9 mg, 78.9 mol, 1.0 equiv.) was added. The suspension was stirred at r. t. for 

15 min. Propargyl bromide (80% in toluene, 8.50 L, 78.9 mol, 1.0 equiv.) was added 

dropwise and the suspension was stirred at r. t. for 5 h. Brine (5 mL) was added and the 

aqueous phase was extracted with EtOAc (3×10 mL). The combined organic phases were 

washed with brine (5×30 mL), dried over Na2SO4 and concentrated in vacuo. The crude 

product was purified by column chromatography (EtOAc/hexane 10/1 → DCM/MeOH 10/1) to 

obtain Cl-PM-P1 (5.30 mg, 19 mol, 24%) as an ocher-colored solid. 

TLC: Rf  = 0.14 (DCM/MeOH = 10/1, UV). 

1H˗NMR (500 MHz, CDCl3):  [ppm] = 8.29 (s, 1H), 7.61 (br s, 1H), 4.75 (s, 2H), 4.70 (d, 

J = 6.4 Hz, 2H), 4.69 (d, J = 2.4 Hz, 2H), 4.03 (s, 2H), 2.59 (t, J = 2.4 Hz, 1H), 2.55 (s, 3H). 

13C˗NMR (126 MHz, Methanol-d4):  [ppm] = 168.8, 153.8, 153.0, 145.3, 140.4, 136.3, 79.3, 

78.3, 62.1, 60.6, 43.1, 36.1, 19.6. 

HRMS (ESI) m/z: (C13H16ClN2O3
+ [M+H]+) found: 283.0843, calc.: 283.0844. 
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2-(But-3-yn-1-yl)-3-hydroxy-5-(hydroxymethyl)isonicotinaldehydeoxim (2) 

Compound 1 was synthesized according to Hoegl et al.14 

 

The formation of oxime 2 was adapted from Dale et al.15 Compound 1 (126 mg, 420 mol, 

1.0 eq.) was dissolved in 18 mL of dry EtOH and hydroxylamine hydrochloride (115 mg, 

1.66 mmol, 4.0 eq.) was added. The solution was stirred at r. t. for 49 h, the solvent was 

removed under reduced pressure and the crude compound was purified by HPLC using 

method A, yielding compound 2 (62.5 mg, 284 mol, 68%) as a pale-yellow solid. 

TLC: Rf = 0.45 (10% MeOH/DCM, UV). 

HPLC: tR = 6.4 min (Method A). 

1H-NMR (300 MHz, DMSO-d6):  [ppm] = 12.14 (br s, 1H), 10.80 (br s, 1H), 8.60 (s, 1H), 8.02 

(s, 1H), 5.32 (s, 1H), 4.60 (d, J = 4.1 Hz, 2H), 2.97 (t, J = 7.6 Hz, 2H), 2.71 (t, J = 2.6 Hz, 1H), 

2.57 (dt, J = 7.6 Hz, 2.6 Hz, 2H). 

13C-NMR (75 MHz, DMSO-d6):  [ppm] = 149.6, 148.2, 147.9, 139.1, 132.7, 120.2, 84.3, 71.1, 

58.7, 30.5, 16.0. 

HRMS (ESI) m/z: (C11H13N2O3
+ [M+H]+) found: 221.0920, calc.: 221.0920. 
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N-((2-(But-3-yn-1-yl)-3-hydroxy-5-(hydroxymethyl)pyridine-4-yl)methyl) acrylamide (A-

PM-P2) 

 

A protocol published by Müller et al. was used to reduce compound 2.16 Compound 2 (100 mg, 

450 mol, 1.0 eq.) was dissolved in 7 mL dry THF under argon and LiAlH4 (320 L, 2.4 M in 

THF, 29.2 mg, 770 mol, 1.7 eq.) was added slowly at 0 °C. Upon stirring at r. t. for 1 h, the 

temperature was increased to 80 °C and the mixture was stirred for 5 h. Next, 1 N HCl (15 mL) 

was added, the solvent was removed under reduced pressure and crude amine 3 was directly 

used for the next step. 

Acrylic acid (30.0 L, 450 mol, 1.0 eq.), DIEA (120 L, 680 mol, 1.5 eq.) and HCTU 

(281.3 mg, 680 mol, 1.5 eq.) were dissolved in 2 mL DMF at 0 °C under argon and the 

solution was stirred for 2 h. Amine 3 dissolved in 7 mL DMF was slowly added at 0 °C and the 

mixture was stirred overnight. Next, the solvent was removed under reduced pressure and the 

residue was dissolved in EtOAc (30 mL). The organic phase was washed with 30 mL 1 N 

NaOH, 20 mL saturated NaHCO3(aq) solution and 20 mL brine. The combined aqueous phases 

were neutralized and extracted with EtOAc (7×10 mL). The solvent of the combined organic 

phases was removed under reduced pressure. The crude product was purified by HPLC using 

method B followed by column chromatography (3% MeOH/DCM  5% MeOH/DCM) yielding 

A-PM-P2 (2.17 mg, 8.33 mol, 2% over two steps) as a yellow oil.  

TLC: Rf = 0.47 (10% MeOH/DCM, UV/KMnO4). 

HPLC: tR = 5.4 min (Method B). 

1H-NMR (500 MHz, Methanol-d4): [ppm] = 8.00 (s, 1H), 6.35 - 6.25 (m, 2H), 5.74 (dd, 

J = 9.5 Hz, 2.5 Hz, 1H), 4.76 (s, 2H), 4.55 (s, 2H), 3.07 (t, J = 7.6 Hz, 2H), 2.58 (td, J = 7.6 Hz, 

2.6 Hz, 2H), 2.20 (t, J = 2.7 Hz, 1H). 

13C-NMR (126 MHz, Methanol-d4):  [ppm] = 169.7, 152.8, 149.7, 138.2, 137.1, 134.7, 130.5, 

128.6, 83.8, 70.3, 60.6, 35.6, 32.3, 17.8. 

HRMS (ESI) m/z: (C14H17N2O3
+ [M+H]+) found: 261.1232, calc.: 261.1234. 
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NMR Spectra 

4-(N-Acryloylaminomethyl)-3-hydroxy-5-hydroxymethyl-2-methylpyridine (A-PM-I) 

1H-NMR (500 MHz, D2O):  

 

13C-NMR (126 MHz, D2O):  
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N-((5-(Hydroxymethyl)-2-methyl-3-(prop-2-yn-1-yloxy)pyridine-4-yl)methyl)acrylamide 

(A-PM-P1) 

1H-NMR (500 MHz, DMSO-d6): 

 

13C-NMR (126 MHz, DMSO-d6): 
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2-Chloro-N-[3-hydroxy-5-(hydroxymethyl)-2-methylpyridin-4-yl]methyl-acetamide 

(Cl-PM-I) 

1H˗NMR (500 MHz, CDCl3):  

 

13C˗NMR (101 MHz, CDCl3): 
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2-Chloro-N-[5-(hydroxymethyl)-2-methyl-3-(prop-2-yn-1-yloxy)pyridin-4-yl]methyl-

acetamide (Cl-PM-P1) 

1H˗NMR (500 MHz, CDCl3):  

 

13C˗NMR (126 MHz, Methanol-d4): 
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2-(But-3-yn-1-yl)-3-hydroxy-5-(hydroxymethyl)isonicotinaldehydeoxim (2) 

1H-NMR (300 MHz, DMSO-d6):  

 

13C-NMR (75 MHz, DMSO-d6): 
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N-((2-(But-3-yn-1-yl)-3-hydroxy-5-(hydroxymethyl)pyridine-4-yl)methyl) acrylamide (A-

PM-P2)  

1H-NMR (500 MHz, Methanol-d4): 

 

13C-NMR (126 MHz, Methanol-d4): 

 

 



31 

 

References 

(1) Perez-Riverol, Y., Csordas, A., Bai, J., Bernal-Llinares, M., Hewapathirana, S., Kundu, D. 
J., Inuganti, A., Griss, J., Mayer, G., Eisenacher, M., Pérez, E., Uszkoreit, J., Pfeuffer, J., 
Sachsenberg, T., Yılmaz, Ş., Tiwary, S., Cox, J., Audain, E., Walzer, M., Jarnuczak, A. F., 
Ternent, T., Brazma, A., and Vizcaíno, J. A. (2019) The PRIDE database and related tools and 
resources in 2019: improving support for quantification data. Nucleic Acids Res. 47, D442–
D450. 

(2) Sievers, F., Wilm, A., Dineen, D., Gibson, T. J., Karplus, K., Li, W., Lopez, R., McWilliam, 
H., Remmert, M., Söding, J., Thompson, J. D., and Higgins, D. G. (2011) Fast, scalable 
generation of high-quality protein multiple sequence alignments using Clustal Omega. Mol. 
Syst. Biol. 7, 539. 

(3) Nodwell, M. B., Koch, M. F., Alte, F., Schneider, S., and Sieber, S. A. (2014) A subfamily 
of bacterial ribokinases utilizes a hemithioacetal for pyridoxal phosphate salvage. J. Am. 
Chem. Soc. 136, 4992–4999. 

(4) Safo, M. K., Musayev, F. N., Hunt, S., Di Salvo, M. L., Scarsdale, N., and Schirch, V. (2004) 
Crystal structure of the PdxY protein from Escherichia coli. J. Bacteriol. 186, 8074–8082. 

(5) Scott, T. C., and Phillips, M. A. (1997) Characterization of Trypanosoma brucei pyridoxal 
kinase: purification, gene isolation and expression in Escherichia coli. Mol. Biochem. Parasitol. 
88, 1–11. 

(6) Cox, J., and Mann, M. (2008) MaxQuant enables high peptide identification rates, 
individualized p.p.b.-range mass accuracies and proteome-wide protein quantification. Nat. 
Biotechnol. 26, 1367–1372. 

(7) Consortium, T. U. (2019) UniProt: a worldwide hub of protein knowledge. Nucleic Acids 
Res. 47, D506–D515. 

(8) Tyanova, S., Temu, T., Sinitcyn, P., Carlson, A., Hein, M. Y., Geiger, T., Mann, M., and 
Cox, J. (2016) The Perseus computational platform for comprehensive analysis of (prote)omics 
data. Nat. Methods 13, 731–740. 

(9) Lebedev, A. A., Young, P., Isupov, M. N., Moroz, O. V, Vagin, A. A., and Murshudov, G. N. 
(2012) JLigand: a graphical tool for the CCP4 template-restraint library. Acta Crystallogr. Sect. 
D 68, 431–440. 

(10) Long, F., Nicholls, R. A., Emsley, P., Grazulis, S., Merkys, A., Vaitkus, A., and Murshudov, 
G. N. (2017) AceDRG: a stereochemical description generator for ligands. Acta Crystallogr. 
Sect. D 73, 112–122. 

(11) Emsley, P., Lohkamp, B., Scott, W. G., and Cowtan, K. (2010) Features and development 
of Coot. Acta Crystallogr. Sect. D 66, 486–501. 

(12) Ueda, T., Nakaya, K., Nagai, S., Sakakibara, J., and Murata, M. (1990) Synthese of 
dihydrodioxepinopyridines, dihydrodioxocinopyridines, and a dihydrooxazepinopyridine. 
Chem. Pharm. Bull. (Tokyo). 38, 19–22. 

(13) Cravatt, B. F. (2017) Compositions and methods of modulating immune response. 



32 

 

(14) Hoegl, A., Nodwell, M. B., Kirsch, V. C., Bach, N. C., Pfanzelt, M., Stahl, M., Schneider, 
S., and Sieber, S. A. (2018) Mining the cellular inventory of pyridoxal phosphate-dependent 
enzymes with functionalized cofactor mimics. Nat. Chem. 10, 1234–1245. 

(15) Dale, T. J., Sather, A. C., and Rebek, J. (2009) Synthesis of novel aryl-1,2-oxazoles from 
ortho-hydroxyaryloximes. Tetrahedron Lett. 50, 6173–6175. 

(16) E. Müller, T., and Pleier, A.-K. (1999) Intramolecular hydroamination of alkynes catalysed 
by late transition metals. J. Chem. Soc. Dalt. Trans. 583–588. 

 


