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Figure S1. Full gel displaying the purification of native Sfp. Gel lanes depict fractions taken
during anion exchange chromatography and as follows: L1 = 10 mM NaCl wash, L2 = 50 mM
NaCl wash, L3-L8 = 100 mM NaCl wash. The target protein was collected and used from

L3-L6. The gel was stained with Coomassie (Colloidal Coomassie Blue Stain).
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Figure S2. Full gel displaying the purification of CoaA (PanK)-MBP. Gel lanes depict
fractions taken during amylose affinity chromatography and as follows: L1 = flow through and

L2-L11 = 10 mM maltose wash. The target protein was collected and used from L2—L8. The gel

was stained with Coomassie (Colloidal Coomassie Blue Stain).
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Figure S3. Full gel displaying the purification of CoaD (PPAT)-MBP. Gel lanes depict

fractions taken during amylose affinity chromatography and as follows: L1 = flow through,

L2-L11 = 10 mM maltose wash. The target protein was collected and used from L2—L5. The gel

was stained with Coomassie (Colloidal Coomassie Blue Stain).
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Figure $4. Full gel displaying the purification of CoaE (DPCK)-MBP. Gel lanes depict

fractions taken during amylose affinity chromatography and

as follows: L1 = flow through,

L2-L11 = 10 mM maltose wash. The target protein was collected and used from L2-L6. The gel

was stained with Coomassie (Colloidal Coomassie Blue Stain).
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Figure Sb. Verification of the high conversion from apo- to holo-CPs of AusA1 and AusA2
with the rhodamine (Rh) pantetheine analog S12 by a one-pot chemoenzymatic method.
(a) Attachment of Rh-Ppant analog to apo- and holo-AusA1 using CoaA (PanK), CoaD (PPAT),
CoaE (DPCK), and Sfp. Reagents and enzymes were added to 50-uL reaction mixtures in
sequential order as follows. Final reaction concentrations: 50 mM potassium phosphate (pH 7.0),
8 mM ATP, 15 mM MgCl,, 0.002 pug/ul. CoaA-MBP, 0.01 pg/ul. CoaD-MBP, 0.02 pg/ulL
CoaE-MBP, 0.01 pg/uL Sfp (native), 0.04 pg/uL apo- or holo-AusA1 (350 nM), and 500 uM
Rh-Ppant analog. (b) Attachment of Rh-Ppant analog S12 to apo- and holo-AusA2 using CoaA,
CoaD, CoaE, and Sfp. Reagents and enzymes were added to 50-uL reaction mixtures in
sequential order as follows. Final reaction concentrations: 50 mM potassium phosphate (pH 7.0),
8 mM ATP, 15 mM MgCl,, 0.002 nug/ul. CoaA-MBP, 0.01 pg/ul. CoaD-MBP, 0.02 pg/ulL
CoaE-MBP, 0.01 pg/uL Sfp (native), 0.04 pg/uL apo- or holo-AusA2 (350 nM), and 500 uM
Rh-Ppant analog S12. In negative controls, the Rh-Ppant analog S12 was replaced with DMSO.
These reaction mixtures were incubated for 1 h at 37 °C. For each panel, the image (®) denotes
the fluorescence observed with Aex = 532 nm and A, = 580 nm and the image (X) depicts total

protein content by staining with Coomassie (Colloidal Coomassie Blue Stain).
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TAMRA-azide

Figure S6. A Structure of TAM RA-azide detection reagent used in this study.
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Figure S7. Measurements of labeled recombinant holo-AusA1l. Fluorescent and Coomassie
stained SDS-PAGE gel of Rh-BSA, a standard for fluorescent intensity and recombinant
holo-AusA1 with probe 1. Recombinant holo-AusA1 (1 uM) was reacted with probe 1 (1-100
uM) in either the absence or presence of 1 mM L-Val-AMS 2 for 12 h at 25 °C. Gel lanes are as
follows: L1 = 50 nM Rh-BSA, L2 = 100 nM Rh-BSA, L3 = 200 nM Rh-BSA, L4 = 400 nM
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Rh-BSA, L5 = 600 nM Rh-BSA, L6 = 800 nM Rh-BSA, L7 = 1000 nM Rh-BSA, L8 = 1200
nM Rh-BSA, L9 =1 uM holo-AusA1 and 1 uM probe 1, L10 =1 uM holo-AusAl, 1 uM probe
1, and 1 mM L-Val-AMS 2, L11 = 1 puM holo-AusAl and 10 pM probe 1, L12 = 1 uM
holo-AusAl, 10 uM probe 1, and 1 mM L-Val-AMS 2, L13 = 1 uM holo-AusA1 and 20 uM
probe 1, L14 = 1 uM holo-AusA1, 20 uM probe 1, and 1 mM L-Val-AMS 2, L15 =1 uM
holo-AusA1 and 50 uM probe 1, L16 = 1 uM holo-AusAl, 50 pM probe 1, and 1 mM
L-Val-AMS 2, L17 =1 uM holo-AusA1 and 100 uM probe 1, L18 = 1 uM holo-AusA1, 100 uM
probe 1, and 1 mM L-Val-AMS 2. The image (®) denotes the fluorescence observed with A¢, =
532 nm and A = 580 nm and the image (X) depicts total protein content by staining with

Coomassie (Colloidal Coomassie Blue Stain).
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Figure S8. MALDI-TOF mass spectra of Asp-N digestion of modified AusA1l. (a) The
unmodified holo-AusA1 fragment with sequence
DNFFELGGHS(Ppant)LKATLVVNRIEASTGKRLQIG (D932-G962 + Ppant): [D932-G962 +
Ppant + H]" calcd for 3710.9088, found, 3711.097; modified peptide fragment with sequence
DNFFELGGHS*LKATLVVNRIEASTGKRLQIG (D932-G962 + Ppant + 1): [D932-G962 +
Ppant + 1 + H]" calcd for 4204.1195, found, 4204.026. In addition, these unidentified peaks
show background peaks. (b) Structures of the unmodified and mofified peptide fragments.
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Figure $9. Nonribosomal synthesis of the surfactin. Modules are comprised of CP (CP1-CP?7),
A (A1-A7) [Al, L-Glu; A2, L-Leu; A3, L-Leu; A4, L-Val; A5, L-Asp; A6, L-Leu; A7, L-Leu
specific A-domains], E, C, and TE domains. The target A and CP domains for probe 1 are

colored blue.
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Figure S10. Compiled M S/M S data of gel excised fluorescent SrfAB (##) bands from the B.
subtilis ATCC 21332 proteome. Amino acids of the identified peptides are colored either red or

blue. The overlapped peptide sequences are colored green.
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Figure S11. Compiled MS/MS data of gel excised SrfAA (#) bands from the B. subtilis
ATCC 21332 proteome. Amino acids of the identified peptides are colored either red or blue.

The overlapped peptide sequences are colored green.
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Figure S12. Compiled MS/M S data of gel excised fluorescent protein (###, SrfAB) bands
from the B. subtilis ATCC 21332 proteome. Amino acids of the identified peptides are colored

either red or blue. The overlapped peptide sequences are colored green.
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Figure S13. Full images of SDS-PAGE gels from Figure 3. Labeling of recombinant
holo-AusA1 with probe 1. (a) SDS-PAGE analysis depicting the labeling of 350 nM apo- and
holo-AusA1l in 20 mM Tris (pH 8.0) for 12 h at 25 °C in either the absence, presence, of | mM
L-Val-AMS 2. (b) Determination of an optimal pH for the labeling of holo-AusA1. holo-AusA1
(350 nM) was incubated with 100 uM probe 1 in 20 mM Tris (pH 6.5-8.5) for 12 h at 25 °C in
either the absence, or presence, of 1 mM 2. (¢) Concentration dependence of in vitro probe

labeling of holo-AusAl. holo-AusAl (350 nM) was reacted with 10-100 uM probe 1 for 12 h at
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25 °C in either the absence, or presence, of 1 mM 2. (d) Time-course study of the labeling of
holo-AusA1 with probe 1. SDS-PAGE analysis denoting the labeling of 350 nM holo-AusAl in
20 mM Tris (pH 8.0) for 0.5-12 h at 25 °C with 100 uM probe 1. (e) Labeling specificity of
probe 1. holo-AusA1 (350 nM), holo-AusA2 (350 nM), and holo-TycB1 (350 nM) were treated
with 100 pM probe 1 in either the absence, or presence, of 1 mM of inhibitors 2, 3, and 4. For
each panel, the image (®) denotes the fluorescence observed with Aex = 532 nm and A = 580
nm and the image (X) depicts total protein content by staining with Coomassie (Colloidal
Coomassie Blue Stain). (a) Full image for gel in Fig. 3a. (b) Full image for gel in Fig. 3b. (c)
Full image for gel in Fig. 3c. (d) Full image for gel in Fig. 3d. (e) Full image for gel in Fig. 3e.
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Figure S14. Full images of SDS-PAGE gels from Figure 4. Proteomic investigations using
probe 1. Investigation of the selective labeling of the CP4 domain of SrfAB using a combination
of probe 1 and inhibitors 2, 5, and 6. The B. subtilis ATCC 21332 proteome (2.0 mg/mL) was
individually preincubated with inhibitors 2, 5, and 6 (10 uM) and reacted with 100 uM 1 for 2 h
at 25 °C. For each panel, the image (@) denotes the fluorescence observed with A, = 532 nm
and A, = 580 nm and the image (X) depicts total protein content by staining with Coomassie

(Colloidal Coomassie Blue Stain). Full image for gel in Fig. 4b.
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Chemical Synthetic Procedures

NH, NH, NH,
N A N A
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Scheme S1. Synthetic route to probe 1. Reagents and conditions: [a] NaH, S1, DMF, 7.1%;
[b] TBSCI, imidazole, CH,Cl,, rt, 81%; [c] TCA, THF, H,0, rt, 75%; [d] S7, DEAD, Ph;P, THF,
rt, 74%; [e] NaH, S6, DMF, CH,Cl,, rt, 33%; [f] 1) TFA, CH,Cl,, 0 °C; 2) TBAF, THF, rt, 98%,

over two steps.

iMB )P\MB
H OO0 a > H H 90
HO N~ BocHN o o N N\n/'><
\fol/\/ S BocHNWov\o/\/Ov\,NHz NI \g/\/ X
S10
S9 S11
NY
b
B ——
] H H OH OH
NV\/OV\O/\/OV\/N\H/\/N ~
o [o}

Scheme S2. Synthetic route to a rhodamine pantetheine analog S12. Reagents and
conditions: [a] S10, EDC, HOBt, DMF, rt, 95%; [b] 1) TFA, CH,Cl,, rt; 2) Rh-OSu, DIEA,
DMF, 18%, over two steps.

General Synthetic Methods: All commercial reagents were used as provided unless otherwise
indicated. SL' Sk S6°, S9! S10°, and
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4-(3-chloro-5-(trifluoromethyl)pyridin-2-yl)-N-(4-methoxypyridin-2-yl)piperazine- 1-carbothioa
mide (ML267)° are known compounds. These compounds were prepared according to published
literature procedures. All reactions were carried out under an atmosphere of nitrogen in dry
solvents with oven-dried glassware and constant magnetic stirring unless otherwise noted. High
performance liquid chromatography (HPLC) was performed on a Prominence CBM-20A
(Shimadzu) system equipped with a Prominence SPD-20A UV/VIS detector (Shimadzu).
'H-NMR spectra were recorded at 500 MHz. *C-NMR spectra were recorded at 125 MHz on
JEOL NMR spectrometers and standardized to the NMR solvent signal as reported by Gottlieb.’
Multiplicities are given as s = singlet, d = doublet, t = triplet, dd = doublet of doublets, dt =
doublet of triplets, br = broad signal, m = multiplet using integration and coupling constant in
Hertz. TLC analysis was performed using Silica Gel 60 F254 plates (Merck) and visualization
was accomplished with ultraviolet light (A = 254 nm) and/or the appropriate stain
[phosphomolybdic acid, iodine, ninhydrin, and potassium permanganate]. Silica gel
chromatography was carried out with SiliaFlash F60 230-400 mesh (Silicycle), according to the
method of Still.® Mass spectral data were obtained using a LCMS-IT-TOF mass spectrometer
(Shimadzu).

Chemical Synthesis of 1 Compound number in bold refers to the structures shown in Scheme
S1.

(2R,3R,4R,5R)-5-(6-Amino-9H-purin-9-yl)-2-(hydr oxymethyl)-4-(pent-4-yn-1-yloxy)tetrah
ydrofuran-3-ol (S2)

NH, NH,

N X N X
¢ f" «f”
P P
HO o NN ————» HO O NN
K 7 MsO/\/\\\
OH OH $1 OH O_~_*#2

S2

NaH (2.2 g of a 60% suspension in mineral oil, 56.1 mmol) was added to a solution of
adenosine (10 g, 37.4 mmol) in DMF (150 mL). The solution was stirred at room temperature
for 1 h and compound Sl (7.4 g, 45.6 mmol) was added. After 3 days, the reaction was
quenched by the addition of H,O and the DMF and H,O were removed at reduced pressure. The
residue was purified by flash chromatography (CHCI; to 19:1 CHCIl;/MeOH) and HPLC
[COSMISIL Ci5-AR-II: C-18 reverse-phase column, ¢ 10 mm x 250 mm, MeOH/H,O (30:70),
8.0 mL/min, 210 nm, tg: 34.0 min] to afford compound S2 as a white solid (900 mg, 7.1%). 'H
NMR (500 MHz, CD;0D): 8 8.35 (s, 1H), 8.19 (s, 1H), 6.06 (d, J= 6.5 Hz, 1H), 4.54 (dd, J =
6.5, 5.0 Hz, 1H), 4.45 (dd, J = 5.0, 2.5 Hz, 1H), 4.17 (dd, J = 5.5, 2.5 Hz, 1H), 3.89 (dd, J =
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13.0, 3.0 Hz, 1H), 3.76 (dd, J = 13.0, 3.0 Hz, 1H), 3.73-3.68 (m, 1H), 3.57-3.49 (m, 1H),
2.21-2.09 (m, 2H), 2.07 (t, J= 3.0 Hz, 1H), 1.77-1.58 (m, 2H). °C NMR (125 MHz, CD;0D):
8 157.6, 153.6, 150.0, 141.9, 121.0, 89.4, 88.6, 84.1, 83.3, 71.2, 70.3, 69.7, 63.3, 29.6, 15.5.
HRMS (ESI+): [M+H]" calcd for C;5HN;sO,, 334.1510; found 334.1508.

9-((2R,3R,4R,5R)-4-((tert-Butyldimethylsilyl)oxy)-5-(((tert-butyldimethylsilyl)oxy)methyl)-
3-(pent-4-yn-1-yloxy)tetr ahydrofur an-2-yl)-9H-purin-6-amine (S3)

NH, NH,

<X .
HO O_N""N —_— TBSO—l 0 NN

OH O =z TBSO O_~_Z

S2 S3

TBSCI (2.4 g, 15.9 mmol) and imidazole (2.2 g, 32.3 mmol) were added to a solution of
compound S2 (870 mg, 2.61 mmol) in CH,Cl, (150 mL). The solution was stirred at room
temperature. After 19 h, the reaction mixture was diluted with EtOAc. The mixture was washed
with a 0.1 M aqueous HCI solution, saturated NaHCO;, and brine. The organic layer was dried
over Na,SO, and evaporated to dryness. The residue was purified by flash chromatography
(1:1.5 EtOAc/hexane) to afford compound S3 as a white solid (1.2 g, 81%). "H NMR (500 MHz,
CDClL): 6 8.35 (s, 1H), 8.23 (s, 1H), 6.14 (d, J = 4.1 Hz, 1H), 5.95 (s, 2H), 4.50 (t, J =4.9 Hz,
1H), 4.28 (t, J=4.3 Hz, 1H), 4.12 (dt, J= 5.3, 2.9 Hz, 1H), 4.00 (dd, J=11.5, 3.5 Hz), 3.78 (dd,
J=11.5,2.3 Hz, 1H), 3.73-3.60 (m, 2H), 2.25 (dt, J= 7.0, 2.5 Hz, 2H), 1.87 (t, J= 2.6 Hz, 1H),
1.85-1.67 (m, 2H), 0.94 (s, 9H), 0.92 (s, 9H), 0.11 (s, 6H), 0.11 (s, 3H), 0.10 (s, 3H). °C NMR
(125 MHz, CDCl;): 8 156.1, 152.8, 149.4, 138.9, 119.9, 86.8, 84.7, 83.3, 82.1, 69.9, 68.8, 68.7,
61.73, 28.5, 25.9, 25.6, 25.5, 18.3, 18.0, 14.9, —4.69, -5.01, —-5.50, —5.57. HRMS (ESI+):
[M+H]" caled for C7H,4sN504Si,, 562.3239; found, 562.3298.

((2R,3R,4R,5R)-5-(6-Amino-9H-purin-9-yI)-3-((tert-butyldimethylsilyl)oxy)-4-(pent-4-yn-1-
yloxy)tetr ahydrofuran-2-yl)methanol ($4)

NH, NH,
N SN N SN
. &
TBSO—l O: NN —_— HO—l 0: NN
= =
TBSO O_~_Z TBSO O_~_Z
s3 s4

Compound S3 (1.0 g, 1.8 mmol) was dissolved in a 4:1 (v/v) mixture of THF and H,0 at 0 °C.
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Trichloroacetic acid (4.2 g, 26 mmol) was added. Stirring was continued at 0 °C for 2 h. The
reaction was quenched by the addition of a 1 M aqueous NaOH solution. The resulting mixture
was diluted with EtOAc. The mixture was washed with saturated NaHCO; and brine. The
organic layer was dried over Na,SO, and evaporated to dryness. The residue was purified by
flash chromatography (5:1 EtOAc/hexane) to afford compound S4 as a white solid (600 mg,
75%). '"H NMR (500 MHz, CDCl): § 8.33 (s, 1H), 7.93 (s, 1H), 6.03 (s, 2H), 5.89 (d, J= 7.5
Hz, 1H), 4.69 (dd, J=7.8, 4.6 Hz 1H), 4.53 (d, J= 4.6 Hz, 1H), 4.19 (s, 1H), 3.95 (dd, J=13.1,
1.7 Hz, 1H), 3.72 (d, J = 12.6 Hz, 1H), 3.56 (dt, J = 8.5, 4.6 Hz, 1H), 3.30-3.24 (m, 1H),
2.17-2.03 (m, 2H), 1.80 (t, J= 2.9 Hz, 1H), 1.71-1.51 (m, 2H), 0.95 (s, 9H), 0.14 (s, 3H), 0.13
(s, 3H). "C NMR (125 MHz, CDCl;): § 156.4, 152.3, 148.5, 140.8, 121.2, 89.6, 89.5, 83.1, 81.0,
72.0, 69.1, 68.9, 62.9, 28.3, 25.7, 18.2, 14.8, —4.68, —4.72. HRMS (ESI+): [M+H]" calcd for
C,1H34N50,Si, 448.2375; found, 448.2388.

tert-Butyl  (S,E)-(1-(N-(tert-butoxycar bonyl)sulfamoyl)-4-methylpent-1-en-3-yl)car bamate
(S7)

(o]
0:o-0
MH °—> *A/S\NHBOC

HN. o N NHBoc
Boc  php s

< NHBoc
S5 s6

s7

LiHMDS (7.6 mL of a 1.3 M solution in THF, 9.88 mmol) was added to a solution of
compound S6 (1.5 g, 3.96 mmol) in DMF (5 mL). The solution was stirred at room temperature
for 1 h and compound S5 (500 mg, 2.48 mmol) was added. Stirring was continued at room
temperature for 3 h. The reaction mixture was diluted with EtOAc. The mixture was washed
with a 0.1 M aqueous HCI solution and brine. The organic layer was dried over Na,SO, and
evaporated to dryness. The residue was purified by flash chromatography (1:4 EtOAc/hexane)
to afford compound S7 as a white solid (440 mg, 47%). '"H NMR (500 MHz, CDCls):  7.10 (br,
1H), 6.91 (dd, J= 14.9, 5.2 Hz, 2H), 6.56 (d, J= 14.9 Hz, 1H), 4.58 (d, J= 8.0 Hz, 1H), 4.28 (br,
1H), 1.98-1.82 (m, 1H), 1.48 (s, 9H), 1.45 (s, 9H), 0.97 (d, = 6.9 Hz, 3H), 0.94 (d, J= 6.9 Hz,
3H). "C NMR (125 MHz, CDCly): § 155.3, 149.8, 147.4, 127.9, 83.7, 80.0, 56.2, 41.1, 32.1,
28.3, 27.9, 18.8, 17.9, 14.2. HRMS (ESI+): [M+Na]" calcd for C;sH3N,OsNaS, 401.1717;
found, 401.1798.

tert-Butyl
(((2R,3R,4R,5R)-5-(6-amino-9H-purin-9-yl)-3-((tert-butyldimethylsilyl)oxy)-4-(pent-4-yn-1-
yloxy)tetr ahydr ofur an-2-yl)methy!)(((S,E)-3-((tert-butoxycar bonyl)amino)-4-methylpent-1
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-en-1-yl)sulfonyl)car bamate (S8)

NH, NH,

SN 00 «f)
HO— _o_ N"~N* - = X '.‘

O

0-..0 BocHN Bo
N-SSNHBo
TBSO O_~_Z o¢ TBSO O_~_Z

NHBoc
s7
sS4 S8

Compound S7 (49.2 mg, 0.13 mmol), PPh; (35.2 mg, 0.13 mmol), and DEAD (60.9 uL of a 2.2
M solution in toluene, 0.13 mmol) were added to a solution of compound $4 (50 mg, 0.11
mmol) in THF (6 mL). The solution was stirred at room temperature. After 2 h, the reaction
mixture was evaporated under reduced pressure. The residue was purified by flash
chromatography (1:1 to 1:2 EtOAc/hexane and 99:1 to 97:3 CHCl;/MeOH) to afford compound
S8 as a colorless solid (70.7 mg, 78%). "H NMR (500 MHz, CDCl5): & 8.35 (s, 1H), 8.08 (s, 1H),
6.79 (dd, J=15.0, 5.0 Hz, 1H), 6.62 (d, J=15.5 Hz, 1H), 6.02 (d, J= 5.5 Hz, 1H), 5.72 (br, 2H),
4.75 (t, J= 4.5 Hz, 1H), 4.56 (br, 1H), 4.43 (br, 1H), 4.36-4.27 (m, 1H), 4.16 (dd, J=15.0, 7.0
Hz, 1H), 3.85 (dd, J = 15.0, 7.0 Hz, 1H), 3.68-3.59 (m, 1H), 3.59-3.48 (m, 1H), 2.21-2.12 (m,
1H), 1.97-1.79 (m, 1H), 1.85 (t, J= 2.5 Hz, 1H), 1.79-1.62 (m, 2H), 1.48 (s, 9H), 1.41 (s, 9H),
0.94 (s, 9H), 0.92 (d, J = 7.0 Hz, 3H), 0.89 (d, J = 7.0 Hz, 3H), 0.13 (s, 6H). °C NMR (500
MHz, CDCL,): ¢ 155.7, 155.2, 153.0, 151.1, 149.8, 147.1, 140.3, 128.4, 120.6, 87.5, 85.0, 83.5,
83.2, 80.2, 72.0, 69.1, 68.8, 56.2, 48.1, 32.3, 28.5, 28.4, 28.0, 25.8, 18.9, 18.2, 18.0, 15.0, —4.6,
—4.7. HRMS (ESI+): [M+H]" caled for C37HgN,09SSi, 808.4094; found, 808.4034.

(S,E)-3-Amino-N-(((2R,3R,4R,5R)-5-(6-amino-9H-purin-9-yl)-3-hydr oxy-4-(pent-4-yn-1-yI
oxy)tetrahydr ofur an-2-yl)methyl)-4-methylpent-1-ene-1-sulfonamide (1)

NH, NH,
N
0:5,0 ¢ f\ 0,0 f\
NN o_N — \ SN
BocHN Boc k j H k j
TBSO O~_Z OH O~_Z
s8 1

Compound S8 (58.6 mg, 0.73 mmol) was dissolved in a 1:1 (v/v) mixture of CH,Cl, and TFA at
0 °C. Stirring was continued at 0 °C for 12 h. The flask was placed on the rotary evaporator, and
the CH,Cl, and TFA were removed at reduced pressure. The residue was dissolved in THF (2
mL). The solution was stirred at room temperature and TBAF (380 uL of a 1 M TBAF solution
in THF) was added. After 10 h, the reaction mixture was evaporated to dryness. The residue was

purified by HPLC [Senshu pak: PEGASIL ODS SP 100 reverse-phase column, ¢ 20 mm x 250
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mm, acetonitrile/aqueous TFA (0.1%, 20:80), 8.0 mL/min, 210 nm, tz: 14.5 min] to afford
compound 1 as a colorless oil (37.4 mg, quant.). '"H NMR (500 MHz, CD;0D): & 8.44 (s, 1H),
8.35 (s, 1H), 6.78 (d, J=15.5 Hz, 1H), 6.61 (dd, J=15.5, 8.0 Hz, 1H), 6.11 (d, J=5.2 Hz, 1H),
4.54 (t, J=5.4 Hz, 1H), 4.67 (dt, J=4.7, 1.5 Hz, 1H), 4.21 (dd, J= 8.0, 4.0 Hz, 1H), 3.84-3.78
(m, 1H), 3.78-3.72 (m, 1H), 3.65-3.57 (m, 1H), 3.39 (dd, J= 6.0, 3.8 Hz, 1H), 3.37 (t, J=3.4
Hz, 1H), 2.23-2.14 (m, 2H), 2.12 (t, J = 2.9 Hz, 1H), 2.08-2.02 (m, 1H), 1.81-1.72 (m, 1H),
1.72-1.62 (m, 1H), 1.05 (dd, J = 6.9, 2.9 Hz, 3H), 1.00 (t, J = 6.6 Hz, 3H). °C (125 MHz,
CD;0D): 6 153.2, 149.7, 147.0, 143.8, 173.1, 135.3, 121.0, 89.4, 85.6, 84.1, 82.9, 71.3, 70.5,
69.8, 57.9, 45.3, 32.2, 29.6, 18.8, 17.9, 15.5. HRMS (ESI+): [M+H]" calcd for C,;H3,N;0sS,
494.2180; found, 494.2242.

tert-Butyl
(1-((4R)-2-(4-methoxybenzyl)-5,5-dimethyl-1,3-dioxan-4-yl)-1,5-dioxo-10,13,16-tr ioxa-2,6-
diazanonadecan-19-yl)car bamate (S11)

)P\MB )P\MB
H 9 O H H 970
HO Nm/'>< BocHN o o N N\n/'><
‘(r)l/\’ X BocHN _~_ O~ g~ O ~_NH, SN \g/\/ I
s10
9 s11

Compound S10 (40.0 pL, 0.013 mmol), 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (29.0 mg, 0.015 mmol), 1-hydroxybenzotriazole (23.0 mg, 0.015 mmol), and
N,N-diisopropylethylamine (26.0 pL, 0.015 mmol) were added to a solution of compound S9
(50.0 mg, 0.015 mmol) in DMF (20 mL). The solution was stirred at room temperature for 1 h.
The reaction mixture was diluted with EtOAc. The mixture was washed with 5% citric acid, 5%
NaHCOs;, and brine. The organic layer was dried over Na,SO,4 and evaporated to dryness. The
residue was purified by flash chromatography (20:1 CHCl;/MeOH) to afford compound S11 as
a colorless oil (76 mg, 95%). '"H NMR (500 MHz, CDCl;): § 7.42 (d, J = 8.5 Hz, 2H), 7.01 (t, J
= 6.0 Hz, 1H), 6.90 (d, J= 9.0 Hz, 2H), 6.54 (br, 1H), 5.44 (s, 1H), 5.04 (br, 1H), 4.05 (s, 1H),
3.80 (s, 3H), 3.71-3.45 (m, 16H), 3.32 (dd, J=12.0, 6.0 Hz, 2H), 3.18 (br, 2H), 2.38 (t, J=5.0
Hz, 2H), 31.78-1.66 (m, 4H), 1.41 (s, 9H), 1.09 (s, 3H), 1.08 (s, 3H). °C NMR (125 MHz,
CDCl;): & 171.0, 169.4, 160.3, 156.2, 130.3, 127.6, 113.8, 101.4, 84.0, 78.6, 70.6, 70.3, 70.2,
69.5, 55.4, 38.1, 35.9, 35.1, 33.2, 29.8, 28.9, 28.5, 22.0, 19.3. HRMS (ESI+): [M+Na]" calced
for C5,Hs3N3Na0, 662.3623; found 662.3622.

Rh-pantetheine analog (S12)
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Compound S11 (30 mg, 0.044 mmol) was dissolved in a 1:1 (v/v) mixture of CH,Cl, and TFA
at room temperature. After 30 min, the flask was placed on the rotary evaporator and the CH,Cl,
and TFA were removed at reduced pressure to afford TFA salt. A solution of the crude salt,
5(6)-TAMRA-OSu (25.0 mg, 0.047 mmol) and N,N-diisopropylethylamine (16.0 pL, 0.092
mmol) in DMF (500 pL) was stirred at room temperature for 24 h. The reaction mixture was
evaporated under reduced pressure. The residue was purified by HPLC [Senshu pak: PEGASIL
ODS SP 100 reverse-phase column, ¢ 20 mm x 250 mm, acetonitrile/H,O (35:65), 8.0 mL/min,
210 nm, tg: 18.5 min] to afford compound S12 as a pink solid (7.0 mg, 18% over two steps). 'H
NMR (500 MHz, D,0): & 8.48 (s, 1H), 8.08 (d, J= 7.0 Hz, 1H), 7.49 (d, J= 8.0 Hz, 1H), 7.08
(d, J=10.0 Hz, 2H), 6.77 (d, J = 9.5 Hz, 2H), 6.25 (br, 2H), 3.90 (s, 1H), 3.76-3.10 (m, 20H),
2.38 (t, J= 6.0 Hz, 1H), 2.04 (s, 12H), 1.97 (t, J= 6.5 Hz, 2H), 1.70 (t, J= 6.0 Hz, 2H), 0.83 (s,
3H), 0.79 (s, 3H). HRMS (ESI+): [M+Na]" calced for Ci;HsoNsNaO;;, 856.4103; found
856.4119.

Chemical Biology Procedures

Protein expression and materials. Recombinant proteins apo-AusAl,” apo-AusA2,' and
holo-TycB1'"'*"® were expressed and purified as previously described. The holo-TycB1
expression construct was kindly provided by Prof. Mohamed A. Marahiel at
Philipps-Universitdit Marburg, Germany. Recombinant E. coli CoA biosynthetic enzymes
(pantothenate kinase (CoaA, PanK), phosphopantetheine-adenyltransferase (CoaD, PPAT),
dephospho-CoA kinase (CoaE, DPCK)) were expressed and purified as MBP-fusions as
described previously.'"* Recombinantly expressed Sfp (PPTase; Bacillus subtilis) was
overexpressed in E. coli as the native protein (untagged) and purified as described previously.'*
The CoaA, CoaD, CoaE, and Sfp expression constructs were kindly provided by Prof. Michael
D. Burkart at University of California, San Diego, USA.

Phosphopantetheinylation  of  apo-AusAl1 and apo-AusA2:.  The in vitro
phosphopantetheninylation of apo-AusAl was conducted in a 1-mL reaction vessel containing
0.1 ug/uL apo-AusAl or 0.6 pg/ulL apo-AusA2, 0.008 pg/ul Sfp (native), 15 mM MgCl,, 1
mM TCEP, 0.5 mM CoA, and 50 mM potassium phosphate (pH 7.0) at 37 °C for 12 h. The
reaction mixtures were dialyzed against 20 mM Tris (pH 8.0), I mM MgCl,, and 1 mM TCEP
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using Amicon Ultra Centrifugal Filter Units, MWCO 50 kDa (Millipore). The holo-AusA1 and
holo-AusA2 proteins were quantified by the method of Bradford."”> After the addition of 10%
glycerol (v/v) the proteins were stored at —80 °C.

Fluorescent labeling of holo-AusA1 and holo-AusA2 with CoaA, CoaD, CoaE, and Sfp and
Rh-Ppant analog S12: To verify the high conversion of phosphopantetheinylation of
apo-AusA1l and apo-AusAz2, the one-pot reactions of holo-AusA1 and holo-AusA2 were carried
out with the Rh-Ppant analog S12. One-pot reaction mixtures contained the following (final
volume of 50 uL): 50 mM potassium phosphate buffer (pH 7.0), 8 mM ATP, 15 mM MgCl,,
0.002ug/ul. MBP-CoaA, 0.01 ug/ul. MBP-CoaD, 0.01 pg/ul. MBP-CoaE, 0.01 pg/ul Sfp
(native), and 350 nM of holo-AusAl or holo-AusA2. In all experiments, the total DMSO
concentration was kept at 1.0%. The reactions were initiated by the addition of 500 uM
Rh-Ppant analog S12 and incubated at 37 °C for 1 h. Reactions were treated with 5x
SDS-loading buffer (strong reducing) and subjected to SDS-PAGE. Fluorescent gel
visualization was performed using a Typhoon 9410 Gel and Blot Imager (GE Healthcare).
Labeling of recombinant apo-AusA1 and holo-AusA1 by probe 1. Standard conditions for
probe 1l-recombinant protein reactions were as follows: recombinant apo-AusAl (350 nM) and
holo-AusA1 (350 nM) were treated with probe 1 (100 uM from a 10 mM stock in DMSO) in 20
mM Tris (pH 8.0), 1 mM TCEP, and 1 mM MgCl,. The inhibition study was carried out by
pre-incubation of holo-AusA1l (350 nM) with L-Val-AMS 2 (1 mM from a 100 mM stock in
DMSO) for 10 min at room temperature. In all experiments, the total DMSO concentration was
kept at 2.0%. After 12 h at room temperature, these samples were subjected to the click reaction.
Rh-azide, TCEP, TBTA ligand, and CuSO, were added to provide final concentrations of 100
uM, 1 mM, 100 pM, and 1 mM, respectively. After 1 h at room temperature, 5x SDS-loading
buffer (strong reducing) was added and the samples were heated at 95 °C for 5 min. Samples
were separated by 1D SDS-PAGE and fluorescent gel visualization was performed using a
Typhoon 9410 Gel and Blot Imager (GE Healthcare).

Determination of an optimal pH for the labeling of holo-AusA1 by probe 1. Recombinant
holo-AusA1 (350 nM) was incubated with probe 1 (100 uM from a 10 mM stock in DMSQO) in
20 mM Tris—HCI, pH 6.5, 7.0, 7.5, 8.0, and 8.5, 1 mM MgCl,, and 1 mM TCEP. For inhibition
studies, holo-AusA1 (350 nM) was pre-incubated with L-Val-AMS 2 (1 mM from a 100 mM
stock in DMSO) for 10 min at room temperature. In all experiments, the total DMSO
concentration was kept at 2.0%. After 12 h at room temperature, these samples were reacted
with Rh-azide for 1 h at room temperature. Reactions were treated with 5x SDS-loading buffer
(strong reducing) and subjected to SDS-PAGE. Fluorescent gel visualization was performed
using a Typhoon 9410 Gel and Blot Imager (GE Healthcare).

Concentration dependence of the in vitro probe labeling of holo-AusA1l: Recombinant
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holo-AusA1 (350 nM) was treated with probe 1 (10-100 uM) in 20 mM Tris (pH 8.0), 1 mM
TCEP, and 1 mM MgCl,. For inhibition studies, holo-AusA1 (350 nM) was pre-incubated with
L-Val-AMS 2 (1 mM from a 100 mM stock in DMSO) for 10 min at room temperature. In all
experiments, the total DMSO concentration was kept at 2.0%. These reaction mixtures were
incubated for 12 h at room temperature. These samples were reacted with Rh-azide for 1 h at
room temperature and separated by gel electrophoresis. Fluorescent gel visualization was
performed using a Typhoon 9410 Gel and Blot Imager (GE Healthcare).

Time-cour se studies of the labeling of holo-AusA1 with probe 1. Recombinant holo-AusA1
(350 nM) was treated with probe 1 (100 uM from a 10 mM stock in DMSO) in 20 mM Tris (pH
8.0), 1 mM TCEP, and 1 mM MgCl,. In all experiments, the total DMSO concentration was
kept at 2.0%. These reaction mixtures were incubated for the indicated time (0—24 h) at room
temperature. These samples were reacted with Rh-azide for 1 h at room temperature and
separated by gel electrophoresis. Fluorescent gel visualization was performed using a Typhoon
9410 Gel and Blot Imager (GE Healthcare).

Comparison of the labeling properties of probe 1 with holo-AusA1, holo-AusA2, and
holo-TycB1: For holo-AusA1 (A: L-Val), holo-AusA2 (A: L-Tyr), and holo-TycB1 (A: L-Pro)
labeling experiments, probe 1 (100 uM from a 10 mM stock in DMSO) were individually added
to a 46-uL reaction vessel containing either holo-AusAl (350 nM), holo-AusA2 (350 nM), or
holo-TycB1 (350 nM), and 20 mM Tris (pH 8.0), 1 mM TCEP, and 1 mM MgCl,. For inhibition
studies, holo-AusA1 (350 nM), holo-AusA2 (350 nM), and holo-TycB1 (350 nM) were
pre-incubated with L-Val-AMS 2, L-Tyr-AMS 3, and L-Pro-AMS 4 (1 mM from a 100 mM stock
in DMSO), respectively, for 10 min at room temperature. In all experiments, the total DMSO
concentration was kept at 2.0%. After 12 h at room temperature, these samples were reacted
with Rh-azide for 1 h at room temperature. Reactions were treated with 5x SDS-loading buffer
(strong reducing) and subjected to SDS-PAGE. Fluorescent gel visualization was performed
using a Typhoon 9410 Gel and Blot Imager (GE Healthcare).

Measurements of the percentage of holo-AusA1l labeled by probe 1. Recombinant
holo-AusA1 (1 uM) was treated with probe 1 (1, 10, 20, 50, and 100 pM) for 12 h at room
temperature in 20 mM Tris (pH 8.0), 1| mM TCEP, and 1 mM MgCl,. For inhibition studies,
recombinant holo-AusAl (1 pM) was pre-incubated with L-Val-AMS 2 (1 mM from a 100 mM
stock in DMSO) for 10 min at room temperature. In all experiments, the total DMSO
concentration was kept at 2.0%. After 12 h at room temperature, these samples were reacted
with Rh-azide for 1 h at room temperature. Reactions were treated with 5x SDS-loading buffer
(strong reducing) and subjected to SDS-PAGE. Fluorescent gel visualization was performed
using a Typhoon 9410 Gel and Blot Imager (GE Healthcare). Protein labeling by probe 1 was
quantitated by measuring integrated band intensities using ImageJ. A TAMRA-conjugated BSA
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(50, 100, 200, 400, 600, 800, 1000, and 1200 nM) (Thermo Fisher Scientific) was used as a
standard of fluorescence intensity.

Peptide mapping of the labeled holo-AusA1: Recombinant holo-AusA1 (350 nM) was reacted
with probe 1 (50 uM) for 12 h at room temperature in 20 mM Tris (pH 8.0), 1| mM TCEP, and 1
mM MgCl,. The proteins were subjected to SDS-PAGE and visualized using Coomassie
Brilliant Blue (CBB) staining. The bands were excised, destained, and subjected to in-gel
digestion with an endoproteinase Asp-N sequence grade (Roche). The digest mixture was
analyzed by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF-MS) using a UltrafleXtreme mass spectrometer (Bruker Daltonics) in a positive
mode. a-Cyano-4-hydroxycinnamic acid (CHCA, Bruker Daltomics) was used as a matrix.
Selected MS ion peaks were applied to the tandem mass spectrometry using LIFT mode.
Preparation of lysates for proteomic labeling experiments. Bacillus subtilis (Ehrenberg)
Cohn (ATCC 21332) was obtained from the American Type Culture Collection (ATCC). The
seed culture from frozen stock was revived for 24 h and grown in a minimal salt (MS) medium
with 4 pM of Fe** at 30 °C at 200 rpm.'® The medium contained 4% glucose, 30 mM KH,PO,,
40 mM Na,HPO,4, 50 mM NH4NO;, 800 uM MgSOy4, 4 uM FeSO,, 7 uM CaCl,, and 4 uM
sodium EDTA.' The seed cultures (I mL) was transferred to 200 mL of medium which
contained 4% glucose, 30 mM KH,PO,4, 40 mM Na,HPO,, 50 mM NH4NOs3, 800 uM MgSOQOy,, 2
mM FeSO,, 7 uM CaCl,, and 4 uM sodium EDTA and the resulting mixture was incubated for
24 h at 30 °C at 200 rpm.' The cells were harvested by centrifugation and stored in the freezer
until used. The frozen cell pellet was resuspended in 20 mM Tris (pH 8.0), 1 mM MgCl,, 1 mM
TCEP, and protease inhibitor cocktail. Because of the lability of the synthetase during
mechanical cell disruption processes,'’ a gentle treatment of cells with lysozyme (0.2 mg/mL)
was used to release intracellular protein. The cell suspension was incubated at 0 °C for 30 min.
The mixture was then incubated at 30 °C for 30 min. The solution was centrifuged for 5 min at
15,000 rpm and the pellet was discarded. The total protein concentration was quantitated by the
method of Bradford."

SrfAB labeling of B. subtilis ATCC 21332 proteomes: B. subtilis ATCC 21332 proteome (2.0
mg/mL) was treated with probe 1 (100 uM from a 10 mM stock in DMSO) in 20 mM Tris (pH
8.0), 1 mM TCEP, and 1 mM MgCl,. Inhibition studies were performed by pre-incubation of
proteome (2.0 mg/mL) with L-Val-AMS 2 (1 mM from a 100 mM stock in DMSO) for 10 min
at room temperature. In all experiments, the total DMSO concentration was kept at 2.0%. These
reaction mixtures were incubated for the indicated time (0—12 h) at room temperature. These
samples were reacted with Rh-azide for 1 h at room temperature and separated by gel
electrophoresis. Fluorescent gel visualization was performed using a Typhoon 9410 Gel and
Blot Imager (GE Healthcare).
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Selective labeling of the CP, domain of SrfAB in native proteomic environments: B. subtilis
ATCC 21332 proteome (2.0 mg/mL) was individually treated with L-Val-AMS 2, L-Asp-AMS 5,
and L-Leu-AMS 6 (10 pM from 1 mM and 500 puM stock in DMSO, respectively). These
samples were incubated for 10 min at room temperature and subsequently reacted with probe 1
(100 uM from a 10 mM stock in DMSO). In all experiments, the total DMSO concentration was
kept at 2.0%. After 2 h at room temperature, these mixtures were treated with Rh-azide for 1 h
at room temperature and separated by gel electrophoresis. Fluorescent gel visualization was
performed using a Typhoon 9410 Gel and Blot Imager (GE Healthcare).

Mass spectroscopic analysis, 1D SDS-PAGE, and in-gel digestion: The proteins [SrfAA,
SrfAB, and ### (hydrolyzed SrfAB)] were separated by 1D SDS-PAGE by using 6% wide
range gels (Nacalai Tesque) and visualized using Sil-best stain one (Nacalai Tesque) or
Coomassie Brilliant Blue (CBB) staining. The bands were excised, destained, and subjected to
in-gel digestion with TPCK-treated bovine trypsin (Worthington Biochemical Corporation). The
digest mixtures were separated using a nanoflow LC (Easy nLC, Thermo Fisher Scientific) on a
NTCC analytical column (C-18 reverse-phase column, ¢ 0.075 X 100 mm, 3 pm bead size,
Nikkyo Technos Co., Ltd.). Buffer compositions were as follows: buffer A was composed of
100% H,0 and 0.1% formic acid, buffer B was composed of 100% acetonitrile and 0.1% formic
acid. Peptides were eluted from the C-18 column using a linear gradient of 0—35% buffer B over
10 min at a flow rate of 300 nL/min and subjected to a Q-Exactive mass spectrometer (Thermo
Fisher Scientific) in positive mode with a nanospray ion source using the data-dependent TOP10
MS/MS method. Peptide identifications were made using MS/MS ions search toward the
NCBI-nr database using the MASCOT program v2.5 (Matrix Science Inc.). The taxonomy was
selected as B. subtilis. In addition, the variable modifications were selected as acetyl (protein
N-terminal), deamidated (NQ), GIln->pyro-Glu (N-terminal Q), oxidation (M), and
propionamide (C).
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'H-NMR (500 MHz) and “C-NMR (125 MHz) spectra of S2 in CD;0D
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'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of S3 in CDCl;
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'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of S4 in CDCl;
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'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of S7 in CDCl;
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'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of S8 in CDCl;
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'H-NMR (500 MHz) and "C-NMR (125 MHz) spectra of 1 in CD;0D
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'H-NMR (500 MHz) and *C-NMR (125 MHz) spectra of S11 in CDCl;
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'H-NMR (500 MHz) spectrum of S12 in D,O
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