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Supplementary Note

General

Chemical reagents and solvents were purchased from commercial suppliers (Sigma-Aldrich, Biosynth,
abcr) and used without further purification. Dry solvents were used for all non-aqueous reactions, which
were carried out under argon atmosphere. Analytical thin-layer chromatography (TLC) was performed
on Marchery-Nagel Polygram SIL G/UV254 plates. Silica gel 60 (70-230 mesh) was used for flash
column chromatography. 'H, and "*C NMR spectra were recorded on Bruker DRX 300 MHz, Bruker
Avance 4 Neo 400 MHz, and Bruker Avance 4 Neo 700 MHz instruments. Chemical shifts (3) are
reported relative to tetramethylsilane (TMS) and referenced to the residual proton or carbon signal of
the deuterated solvent: DMSO-ds (2.50 ppm), Methanol-d« (3.31) for 'TH NMR; DMSO-ds (39.52 ppm),
Methanol-d (49.00) for "*C NMR spectra. 'H and '3C assignments are based on COSY, HSQC, and
HMBC experiments. ESI-MS experiments were performed on a Thermo Fisher QExactive Classic.
Samples were analyzed in the positive-ion mode.”

Synthesis of BrcsDPQ1 (as dihydrobromide salt)

A

HN NH,
/ | oN
N N//kNHz

BrcsDPQ1 (1)

7-(N-((2’-Hydroxyethyl)aminomethyl)-7-deaza-2,6-diaminopurine  (trifluoroacetate salt) (100 mg,
285 pumol; prepared according to ref. [1]) was dissolved aqueous hydrobromic acid (65 %, 1.5 mL) and
heated at 80 °C for 48 h. The volatiles were removed under reduced pressure to give Brc®DPQ1
(dihydrobromide salt). Yield: 130 mg of BrcsDPQ1 as a light-brown solid (98%). TLC: n-butanol / acetic
acid / water 2:1:1, Rr: 0.60. HR-ESI-MS (m/z): [M+H]" found: 285.0457; [M+H]* calculated: 285.0458.
"H-NMR (400 MHz, DMSO-ds, 25 °C): d 11.97 (d, Jux = 2.2 Hz, 1H, HN(9)), 8.95 (bs, 2H, H2N"), 8.19
(s, 2H, H2N(6)), 7.30 (bs, 2H, H2N(2)), (d, Juw = 2.3 Hz, 1H, HC(8)), 4.41 (m, 2H, H.CC(7’)), 3.73 (t, 2H,
JHn=7.0 Hz, H2C(2)), 3.43 (m, 2H, H2C(1’)) ppm. *C-NMR (100 MHz, DMSO-ds): 3 153.0 & 151.2 C(2)
& C(4) & C(6), 124.2 C(7), 106.2 C(8), 93.5 C(5), 47.0 C(1"), 41.5 H2CC(7), 26.4 C(2’) ppm. For NMR
spectra see Supplementary Figures 1-3.

Synthesis of BrcsHBC

CN
X O
Br/\/\lTl O CN

BrcsHBC (9)

[4-((3-Hydroxypropyl)(methyl)amino)-benzylidene]-4-cyanophenylacetonitrile (105 mg, 331 ymol;
prepared according to ref. [2]) was dissolved in dichloromethane (2.0 mL) and cooled to 0 °C under
argon atmosphere. Then, triphenylphosphine (PPhs, 130 mg, 496 umol) and carbon tetrabromide (CBra,
165 mg, 496 ymol) were added and stirred at room temperature. After two hours reaction time, the entire
mixture was loaded on a silica gel column and eluted with 100% dichloromethane. Yield: 104 mg of
BrcsHBC as an orange solid (83%). HR-ESI-MS (m/z): [M+H]* calcd.: 380.08, found: 380.08. 'H-NMR:
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(400 MHz, DMSO-ds, 25 °C): 2.08 (2H, p, J = 6.88 Hz, BrCH2CH2CH2N), 3.04 (3H, s, CH3), 3.57 (4H,
m, BrCH2CH2CH:2N), 6.85 (2H, d, J=9.15 Hz, CH (11&13)), 7.84 — 7.93 (6H, m, CH (2&6, 3&5, 10&14)),
8.01 (1H, s, CH (8)). *C-NMR: (400 MHz, DMSO-ds, 25 °C): & = 29.66 (BrCH2CH>CH:N), 32.17
(BrCH2CH2CH:zN), 38.10 (CHs), 49.86 (BrCH2CH2CH:2N), 100.16 C(7), 109.71 C(1), 111.52 C(11&13),
118.69 & 118.78 (2xCN), 120.38 C(9), 125.47 C(3&5), 131.99 C(10&14), 132.89 C(2&6), 139.56 C(4),
145.38 C(8), 151.11 C(12). For NMR spectra see Supplementary Figures 4,5.

Synthesis of MsOcsHBC

CN
SN O
MSO/\/\ITI O CN

MsOc3zHBC (10)

[4-((3-Hydroxypropyl)(methyl)amino)-benzylidene]-4-cyanophenylacetonitrile  (51.0 mg, 161 pumol;
prepared according to ref. [2]), triethylamine (NEts, 48.8mg, 67.2pyL, 482 pumol) and
methanesulfonylchloride (MsCl, 27.6 mg, 18.7 pyL, 241 ymol) were dissolved in dichloromethane
(4.0 mL) and stirred overnight at room temperature. After reaction control and 100% consumption of the
starting material, the entire mixture was poured on a silica gel column and the product was eluted using
0 - 1% methanol in dichloromethane. Yield: 56.0 mg of MsOcsHBC as an orange solid (88%). HR-ESI-
MS (m/z): [M+H]* calcd.: 396.14, found: 396.14. 'H-NMR: (400 MHz, CDCls, 25 °C): 2.09 (2H, p, J =
6.40, (MsOCH2CH2CH2NR2), 3.03 (3H, s, S-CHs), 3.09 (3H, s, N-CHs), 3.60 (2H, t, J = 6.96,
MsOCH2CH2CH2NR2), 4.30 (2H, t, J = 5.84, MsOCH:CH2CHz2NR2), 6.75 (2H, d, J = 8.94 Hz, CH
(11&13)), 7.48 (1H, s, CH (8)). 7.70 (4H, q, J = 8.94 Hz, CH (2&6, 3&5), 7.88 (2H, d, J = 8.97 Hz, CH
(10&14)). BC-NMR: (100 MHz, CDCls, 25 °C): & = 27.06 (MsOCH2CH2CH2NRz2), 37.62 (S-CHz), 38.80
(N-CHs), 48.56 (MsOCH2CH2CH2NR:2), 67.32 (MsOCH2CH2CH2NR2), 102.72 C(7), 111.22 C(1), 111.74
C(11&13), 118.75 (2xCN), 121.31 C(9), 125.86 C(3&5), 132.31 C(10&14), 132.79 C(2&6), 140.10 C(4),
144.71 C(8), 151.15 C(12). For NMR spectra see Supplementary Figures 6,7.

Synthesis of MsOcsHBC-vinyl

MsOc3zHBC-vinyl (10)

[4-((3-Hydroxypropyl)(methyl)amino)-benzylidene]-4-vinyl-phenylacetonitrile (274 mg, 860 pumol;
prepared according to ref. [2]), ftriethylamine (NEt;, 261 mg, 360 puL, 2.60 mmol) and
methanesulfonylchloride (MsCI, 148 mg, 99.9 pL, 1.30 mmol) were dissolved in in 20 mL
dichloromethane and stirred for 16 hours overnight. Then, the entire mixture was poured onto a silica
gel column and the product was eluted by using 0-1% methanol in dichloromethane. Yield: 316 mg of
MsOcsHBC-vinyl as an orange solid (93%). HR-ESI-MS (m/z): [M+H]* calcd.: 397.16, found: 397.16. 'H-
NMR: (400 MHz, CDCls, 25 °C): 8 = 2.08 (2H, p, J = 6.42 Hz, MsOCH2CH2CH2N), 3.02 (3H, s, S-CH5),
3.06 (3H, s, N-CHs), 3.58 (2H, t, J = 6.94 Hz, MsOCH2CH2CH:N), 4.30 (2H, t, J = 5.92 Hz,
MsOCH2CH2CH:zN), 5.29 & 5.79 (2H, dxd, J = 30.68 Hz, CH=CH: (vinyl)), 6.73 (3H, m, CH (11&13) &
CH=CHz (vinyl)), 7.41 (1H, s, CH (8), 7.44 (2H, d, J = 8.35 Hz, CH (3&5)), 7.59 (2H, d, J = 8.45 Hz, CH
(2&6)), 7.85 (2H, d, J = 8.88 Hz, CH (10&14)). 3C-NMR: (100 MHz, CDClIs, 25°C): & = 27.05
(MsOCH2CH2CH2N), 37.59 (S-CHs), 38.76 (N-CHs), 4854 (MsOCH2:CH2CH:N), 67.45
(MsOCH2CH2CH2N), 104.92 C(7), 111.74 C(11&13), 114.64 (CH=CH: (vinyl)), 119.38 (CN), 122.14
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C(9), 125.68 C(2&6), 126.84 C(3&5), 131.59 C(10&14), 134.88 C(4), 136.18 (CH=CH2 (vinyl)), 137.52
C(1), 141.93 C(8), 150.42 C(12). For NMR spectra see Supplementary Figures 8,9.

Synthesis of Brcs:DBF

Br

Br
HO O BOCHN/\/O O I\/\N/\/O O I\/\N/\/O O
step 1 step 2 Boc step 3 H
(o) _— [¢) —— (o) —_— o

BocDBF (14) BocBrc;DBF (15) BrcsDBF (13)

Step 1: 2-(N-tert-Butyloxycarbonyl)aminoethyloxy)dibenzo[b,d]furan (BocDFB): To a solution of 2-
hydroxydibenzo[b,d]furan (600 mg, 3.26 mmol) and triphenylphosphine (1.28 g, 4.96 mmol, 1.5 eq) in
tetrahydrofuran (25 mL) was added tert-butyl(2-hydroxyethyl)carbamate (756 uL, 4.89 mmol, 1.5 eq).
Diethyl azodicarboxylate (960 uL, 2.44 mmol, 1.5 eq 40% solution in toluene) was introduced over the
course of 10 minutes. After 3 h at room temperature, two drops of methanol were added and the reaction
mixture was evaporated to dryness. The crude mixture was purified by column chromatography on silica
gel (5-10% ethyl acetate in cyclohexane). Yield: 1.07 g of BocDFB as a white crystalline solid (91%).
TLC: 25% ethyl acetate in cyclohexane, Rs: 0.42. ESI-MS (m/z): [M+Na]" found: 350.1358; [M+H]*
calculated: 350.1363. 'H-NMR (400 MHz, DMSO-ds, 25 °C):  8.12 (m, 1H, HC(9)), 7.74 (d, JuH = 2.5
Hz, 1H, HC(1)), 7.68-7.56 (m, 2H, HC(4), HC(6)) 7.50 (m, 1H, HC(7)), 7.38 (m, 1H, HC(8)), 7.13-7.01
(m, 2H, HC(3) & HN)), 4.06 (t, Jux = 5.9 Hz, 2H, H2C(1")), 3.35 (q, Jux = 5.8 Hz, 2H, H2C(2")), 1.39 (s,
9H, H3C(Boc)). 3.C-NMR (400 MHz, CDClz): & 157.0 C(6a), 156.1 C(carbonyl, Boc), 154.9 C(2), 151.2
C(4a), 127.3 C(7), 124.9 & 124.5 C(1a) & C(9a), C(8)122.6, 120.7 C(9), 115.7 C(3), 112.3 C(4), 111.9
C(6), 104.9 C(1), 79.7 C(tertiary, Boc), 68.2 C(1’), 40.4 C(2’), 28.5 C(CHs, Boc) ppm.

Step 2: 2-(N-(tert-Butyloxycarbonyl)-N-(3”-bromopropyl))-2’-aminoethoxy)dibenzo[b,d]furan
(BocBrc3DFB): To a solution of BocDFB (115 mg, 351 umol) in N,N-dimethylformamide (0.5 mL) was
added sodium hydride (17 mg, 0.42 mmol, 1.2 eq, 60% dispersion in mineral oil). After stirring vigorously
for 15 minutes 15-crown-5 (83 pL, 0.42 mmol, 1.2 eq) was introduced and the reaction continued for 15
minutes. 1,3-dibromopropane (107 pL, 1.05 mmol, 3 eq) was added. After 16 h, the reaction was
qguenched upon the addition of saturated aqueous ammonium chloride. The turbid mixture was extracted
with ethyl acetate three times, the combined organic extracts were washed with brine, dried over
magnesium sulfate and evaporated. The compound was purified by flash column chromatography on
silica gel provided. Yield: 24 mg, as a colorless solid (15%). TLC: 25% ethyl acetate in cyclohexane, Ry
: 0.64. ESI-MS (m/z): [M+Na]* found: 470.0913; [M+Na]* calculated: 470.0937. "H-NMR (400 MHz,
CDCls, 25 °C): 8 7.91 (d, Juw = 7.6 Hz, 1H, HC(9)), 7.54 (d, Jux = 8.2 Hz, 1H, HC(6)), 7.50-7.39 (m, 3H,
HC(1), HC(4), HC(7)), 7.32 (m, 1H, HC(8)), 7.04 (dd, Jnx = 2.6, 9.0 Hz, 1H, HC(3)), 4.31-4.10 (m, 2H,
H:C(1’), 3.73-3.60 (m, 2H, H2C(2)), 3.51 (t, Jwn = 6.9 Hz, 2H, H2C(1")), 3.44 (t, Jsw = 6.2 Hz, 2H,
H:C(3")), 2.26-2.12 (m, 2H, H2C(2")), 1.48 (s, 9H, H3C(Boc)) ppm. *C-NMR (400 MHz, CDCls, 25 °C):
6 157.1 C(6a), 155.7 C(carbonyl, Boc), 155.0 C(2), 151.1 C(4a), 127.3 C(7), 124.9 & 124.5 C(1a) &
C(9a), 122.6 C(8), 120.7 C(9), 115.6 C(3), 112.3 C(4), 111.9 C(6), 104.8 C(1), 80.2 C(tertiary, Boc),
67.7 C(1'),47.8 & 47.5 C(2’) & C(1”), 32.1 C(2”), 30.9 C(3”), 28.6 C(CHs, Boc) ppm.

Step 3: 2-(N-(3”-Bromopropyl)2’-aminoethyloxy)dibenzo[b,d]furan hydrotrifluoroacetate (BrcsDFB): To
a solution of BocBrcsDFB (24 mg, 0.35 mmol) in chloroform (400 uL) was added trifluoroacetic acid (40
ML). After 2 h at room temperature the volatiles were removed in vacuo and the residual oil was
coevaporated three times with chloroform. Yield: 24 mg of BrcsDFB as a white crystalline solid (95%).
ESI-MS (m/z): [M+H]* found: 348.0576; [M+H]* calculated: 348.0594. '"H-NMR (400 MHz, DMSO-ds, 25
°C): 0 8.86 (bs, 2H, H2N*), 8.14 (d, Jun = 7.4 Hz, 1H, HC(9)), 7.79 (d, Jux = 2.6 Hz, 1H, HC(1)), 7.70-
7.64 (m, 2H, HC(4) & HC(6)), 7.53 (m, 1H, HC(7)), 7.40 (m, 1H, HC(8)), 7.18 (dd, Ju+ = 2.6 & 8.9 Hz,
1H, HC(3)), 4.35 (t, Jux = 5.0 Hz, 2H, H2C(1")), 3.64 (t, Jun = 6.4 Hz, 2H, H2C(3")), 3.50-3.43 (m, 2H,
H2:C(2)), 3.22-3.12 (m, 2H, H2C(1")), 2.26-2.17 (m, 2H, H2C(2")) ppm. *C-NMR (400 MHz, CDCls, 25
°C): © 157.99 (CFsCOO0, q, Jux = 34.1 Hz), 156.2 C(6a), 154.1 C(2), 150.4 C(4a), 127.7 C(7), 124.2 &
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123.7 C(1a), & C(9a), 122.9 C(8), 121.2 C(9), 116.1 C(3), 112.4 C(4), 111.8 C(6), 105.5 C(1), 64.4 C(1’),
46.2 & 46.0 C(2') & C(1”), 31.1 C(3”), 28.6 C(2”) ppm. For NMR spectra see Supplementary Figures
10-12.

Synthesis of Br-C4-EG-Biotin

HN” “NH
He—H

Br\/\/\o/\/o
(0]
Br-C4-EG-Biotin (16)

To a suspension of biotin (90 mg, 369 umol) in 1.8 mL dry DMF was added 2-(4-bromobutoxy)ethan-1-
ol [3] (93 mg, 470 pmol) dissolved in 0.5 mL dry DMF. Then, N,N'-dicyclohexylcarbodiimide (84 mg, 405
pmol) and N,N-dimethylaminopyridine (DMAP, 2.5 mg) were added and stirred at room temperature
overnight. Afterwards, the slightly cloudy solution was heated to 60 °C for 30 minutes, until a clear
yellowish solution remained. All volatiles were removed under vacuo and the crude compound was
purified using silica gel chromatography with 0 to 10% methanol in dichloromethane as gradient. Yield:
62 mg of Br-C4-EG-Biotin as a colorless solid (40%). TLC: (10% methanol in dichloromethane): Rr =
0.94 spots were visualized with dimethylaminocinnamaldehyde staining (pink spots). HR-ESI-MS (m/z):
[M+H]* calcd.: 423.09 & 425.09, found: 423.09 & 425.09. "H-NMR (400 MHz, DMSO-ds, 25 °C): 5 5.82
(s, TH, HN(1*)), 5.28 (s, 1H, HN(3*")), 4.52-4.47 (m, 1H, HC(6‘‘a)), 4.33-4.28 (m, 1H, HC(3'"a), 4.23-
4.18 (m, 2H, H2C(1’)), 3.61 (t, Juw = 4.7 Hz, 2H, H2C(2)), 3.50 (t, Jux = 6.3 Hz, 2H, H2C(4")), 3.44 (t, JuH
=6.8, 2H, H.C(4")), 3.18-3.11 (m, 1H, HC(4"")), 2.90 (dd, Jx+ = 5.0, 12.8 Hz, 1H, HaC(6’")), 2.73 (d, JuH
=12.8 Hz, 1H, HoC(6™)), 2.37 (t, Ju= = 7.6, 2H, H2C(2’)), 1.99-1.90 (m, 2H, H2C(3”)), 1.78-1.62 (m, 6H,
H>C(3) & H2C(4) & H2C(2”")), 1.51-1.39 (m, 2H, H2C(5)) ppm. 3C-NMR (100 MHz, DMSO-ds, 25 °C): d
173.8 C(1), 163.6 C(2""), 70.4 C(1”), 68.8 C(2’), 63.5 C(1’), 62.1 C(3""a), 60.2 C(6'’a), 55.6 C(4™"), 40.7
C(6), 33.9 & 33.8 C(4”) & C(2), 29.7 C(3”), 28.4 & 28.4 & 28.3 C(3) & C(5), C(2”) ppm. For NMR
spectra see Supplementary Figures 13,14.
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Supplementary Tables

Supplementary Table 1. Comparison of preQ1 and Pepper systems for covalent RNA labeling to literature

data of other ribozymes.

Ribozyme Characterization data (selection) Michaelis-Menten

Size pH Mg2+ k(obs) k(cat) Km k(cat)/Km

nt [mM] [min-1] [min-1] [uM]] [M-1 min-1]

This work - Self-alkylating Tt preQ1-l riboswitch aptamer (Bromide) in a typical experiment
preQl aptamer wt C15 + Brc3DPQ1 33 6.0 2.0 0.00382 0.00337 0.162 20782
preQl aptamer C15U + Brc3DPQ1 33 6.0 2.0 0.00270 0.00335 0.320 10469
preQl aptamer wt C15 + Brc3preQl 33 6.0 2.0 0.00225 0.00253 0.173 14644
preQl aptamer C15U + Brc3preQl 33 6.0 2.0 0.00076 n.d. n.d. n.d.
This work - Self-alkylating co FLAP (Mesylate)
Pepper aptamer + MsOc3HBC 45 6.0 2.0 0.00621 — - 1773810
In vitro selected self-biotinyating ribozyme (Methylepoxide) — David Liu & coworkers |
McDonald, R. I. et al. Electrophilic activity-based RNA probes reveal a self-alkylating RNA for RNA labeling. Nat. Chem. Biol . 10, 1049-1054 (2014))
"Liu" ribozyme [ 4 7.4 10.0] |  o0.00160 12000 0.1
In vitro selected self-biotinyating ribozyme "Liu" (Epoxide) — J. Piccirilli & coworkers | |
Krochmal, D. et al. Structural basis for substrate binding and catalysis by a self-alkylating ribozyme. Nat. Chem. Biol . 18, 376-384 (2022).
"Liu" ribozyme + Methylepoxide-Biotin 42 7.4 10.0 0.00260 0.00410 2100 2.0
"Liu" ribozyme + Epoxide-Biotin 58 7.4 10.0 0.00640 — — 3.0
This work "Liu" ribozyme + Epoxide-Biotin 58 7.4 5.0 0.00675 = = 3.2
This work — "Liu" ribozyme (Bromide)
"Liu" ribozyme + Bromoalkyl-Biotin 58 7.4 5.0 0.12395 - - 59.0
In vitro selected self-alkylating ribozyme (Chloroacetamide) — A. Jaschke & coworkers |
Ameta, S. & Jaschke, A. An RNA catalyst that reacts with a mechanistic inhibitor of serine proteases. Chem. Sci. 4, 957-964 (2012).
Ribozyme + Biotin-PEG4-D-Phe-Pro-Arg-chloromethyl ketone 232 5.0 5.0 n.d.l 0.02900 1450 20.0
In vitro selected self-alkylating ribozyme (lodoacetamide) —J. Heemstra & coworkers
Sharma, A. K. et al. Fluorescent RNA Labeling Using Self-Alkylating Ribozymes. ACS Chem. Biol . 9, 1680-1684 (2014).
Ribozyme 1 + 5-(lodacetamido)fluorescein 157 7.4 5.0 0.00760 0.00035 158 2.2
Ribozyme 5FR1 + 5-(lodacetamido)fluorescein 135 7.4 5.0 0.00730 0.00063 367 1.7
In vitro selected self-biotinyating ribozyme (lodoacetamide) — J. Szostak & coworkers
Wilson, C. & Szostak, J. W. In vitro evolution of a self-alkylating ribozyme. Nature 374, 777-782 (1995).
Ribozyme BL8-6 + N -biotinoyl-N -iodoacetyl-ethylenediamine (BIE) 155 7.4 5.0 0.00100 - 1000 1.0
Ribozyme BL2.8-7 + N -biotinoyl-N -iodoacetyl-ethylenediamine (BIE) 155 7.4 5.0 0.05000 0.62400 — -
In vitro selected methylating ribozyme (O6-Methylguanine) — C. Hobartner & coworkers |
Scheitl, C. P. M. et al., Structure and mechanism of the methyltransferase ribozyme MTR1. Nat. Chem. Biol. 18, 547-555 (2022).
Ribozyme MTR1 + m6G 40 7.5 10.0 0.00788 0.00310 98 31.6
Ribozyme MTR1 + m6G 40 6.0 10.0 0.06373 0.21000 228 921.1
In vitro selected propargylating ribozyme (Propargyl-sulfonium) — C. Hobartner & coworkers
Okuda, T. et al., A SAM analogue-utilizing ribozyme for site-specific RNA alkylation in living cells. Nat. Chem . 15, 1523-1531 (2023).
Ribozyme SAMURI + S -Propargyl SAM-amide [ 29] 75 100]  0.12000]  0.09300| 33| 2853

*

kcat/Km: When kcat and Km are expressed together as kcat/Km, it represents the catalytic efficiency of the enzyme. Essentially, it indicates how

efficiently an enzyme converts substrate into product at low substrate concentrations, taking into account both the enzyme's affinity for the

substrate (Km) and its turnover rate (kcat).

**) estimated, using the reported Kd of 3.5 nM (Chen, X. et al. Visualizing RNA dynamics in live cells with bright and stable fluorescent RNAs.

Nat. Biotechnol . 37, 1287-1293 (2019).

**%*) estimated, using the reported Kd of 2.1 uM (Krochmal, D. et al. Structural basis for substrate binding and catalysis by a self-alkylating ribozyme.

Nat. Chem. Biol . 18, 376-384 (2022).

***)

*Hx)

***)



Supplementary Table 2. Synthetic and in vitro transcribed RNAs.

Molecular weight

RNA Sequence (5' = 3) nt
calc. found

Chemical synthesis

Tt wt CUGGGUCGCAGUAACCCCAGUUAACAAAACAAG 33 | 10582.50 | 10582.49

Tt C15U CUGGGUCGCAGUAAUCCCAGUUAACAAAACAAG 33 | 10583.49 | 10583.59

Tt c’G CUGGC’GUCGCAGUAACCCCAGUUAACAAAACAAG | 33 | 10567.49 | 10567.78

Tt G5A, C16U CUGGAUCGCAGUAACUCCAGUUAACAAAACAAG 33 | 10581.50 | 10581.55

B. subtilis AGAGGUUCUAGCUACACCCUCUAUAAAAAACUAA | 34 | 10818.62 | 10818.53

B. subtilis C17U AGAGGUUCUAGCUACAUCCUCUAUAAAAAACUAA | 34 | 10819.63 | 10619.54

C. antarcticus UGUGGUUCGCAACCAUCCCACAUAAAAAAACUAG 34 | 10833.63 | 10833.43

C. antarcticus C17U | UGUGGUUCGCAACCAUUCCACAUAAAAAAACUAG 34 10834.62 | 10834.59

L. monocytogenes ACGUGGUUCAUUCAUACCAUCCCACGUAAAAAAAC | 0 | 13009 99 | 13099 55
UAGGAG

5. pneumoniae CUUGGUGCUUAGCUUCUUUCACCAAGCAUAUUAC | cc | 1753758 | 17537 89
ACGCGGAUAACCGCCAAAGGA

. dysenteriae AUUGGGUUCCCUCACCCCAAUGGUUAAUCAAAAAG | oo | 11984 14 | 11784.81
GU

L rhamnosus ACGACGAUACUUAUUUCCUUUGAUCGUCGUUAUU | cc | 17563 59 | 17563 30
ACUGGCAAAGCCACAAAGGAG

Pepper GGCGCACUGGCGCUGCGCCUUCGGGCGCCAAUCGU | 49 | 15756.47 | 15756.59
AGCGUGUCGGCGCC

Pepper ¢’G GGCGCACUGGCGCUGCGCCUUCGGGCGCCAAUCGU | 49 | 15755.48 | 15754.69
AGCGUC’GUCGGCGCC

58 nt (Liu) GGCCGCUCCAGAAGAGGGCCCCCUUGCCCGUUAUC | 58 | 18657.22 | 18656.68
GGGGGCUAGGCUCGAUGUCGGCC
In vitro transcription

155 nt (Szostak) GGAGGCACCACGGCUGGAUCCGGUUUAUUAUCAU | 155 | - -
GAGCCCGACUCGGGCAGCACUGUACAUAAGCUCGG
AUGCCAUAGUUUAGACACUAUGGACGUAAAGCCCA
UGCUAGGCAAAGACAUUGACUGCAUGAGCGCCGCC
UUGGUCAUUAGGAUCG

232 nt (Jdschke) GGAGCUCAGCCUUCACUGCUGGCCCCUCAUUCUCC | 232 | - -

GACAAUGUACGACCUUGCAUAUACCGCUAGCACGA
ACGGUGUAGAUACCUGGAUCAUUACAACACCACGA
UCUUCAAAUCGAAGAUGUUCGCAUGAUGUGCGCU
AGCAAUAUAGUUUAGCGAGUAUAGCCGAACGCCG
UGUUGAGUACCUAACGAUACCGGUGUGAGGUGCC
UGUCUGGCACCACGGUCGGAUCCAC

Commercial source: primers and DNA fragments

Pepper_fwd GGCCGCCGGCGCACTGGCGCTGCGCCTTCGGGLGCLC
AATCGTAGCGTGTCGGCGCCGTGGCCGC
Pepper rev GGCCACGGCGCCGACACGCTACGATTGGCGCCCGAA

GGCGCAGCGCCAGTGCGCCGGC




Extension  primer | 5Alexa647N/GTATCGGACCGATTACCTC
preQl

F30-preQl-Pepper | CCGAGTGCGGCCGCTTGCCATGTGTATCGGTCCGTTC
ACTGGGTCGCAGTAACCCCAGTTAACAAAACAAGGG
AGGTAATCGGTCCGATACTCTGATGATGGGTCCCAAA
AGGCGCACTGGCGCTGCGCCTTCGGGCGCCAATCGT
AGCGTGTCGGCGCCAAAAAAGGGTCCCATCATTCATG
GCAAGTGGCCGCGGTCGGC 3'

(dsDNA)
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Supplementary Fig. 1 | NMR spectroscopic analysis of BrcsDPQ1 ligand. a) '"H NMR spectrum (400
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spectrum (bottom).



e s = g2 -
| = g 285 8
Jt:': == B
M I o
e
[ &
H,C(3) x H,C(2) HCWXHL)  HC@) xHLR)| &
HC2) % L
H,C(1) x HC(1) , Lo
MeOH & MeOHxMeoH _ HCZIXHL)L
HC(1) i
HLB) e ; i
’ o HLBEIXHLE) HC@)XHLE) +
=<
HC(8) X H,CC(7) i

MeOH

H,CC(7) H,CC(7)x HCC() I
MeOH x MeOH |

HC(8) x HC(8)

HC®) — H,CC(7) x HC(8)
T 1 T R A — T R —
7 6 5 4 3 2 F2 [ppm]
— 5| & S @ -
) 2 g I, z = g
) -
I ~ T T,
T % = T
A
T
&
L &
C(2)&C(3) Hca)xc(a)T HC2)x C2) |
CH,C(7) H,CC(7) x CH,C(7) J L
(1) _— ¥ H,CO =
[~ o
MeOD
] o
C(5) & C(7) -8
@) 4 HC@B)x C(8)
C(4) ] | g
C2) & Cl6) —3 3
T T T T T T T T T T T T T i
10 8 6 4 2 F2 [ppm]

Supplementary Fig. 2 | NMR spectroscopic analysis of BrcsDPQ ligand. 'H-'H COSY (400 MHz,
CD30D) spectrum, top; 'H-3C HSQC NMR (400 MHz, CD3s0D) spectrum, middle; 'H-'*C HMBC (400
MHz, CD30D) NMR spectrum, bottom.

10



) —
= T Y n B
* (o} S O <o —
¥ 2 = T35 8
ST =2
L ﬂ‘l J i
E
F &
C2)&C3) HCE)x C172) H O x c3) H@x a3y
CH.C7) HC(1 X CHC7) L
Cc(1) _— : -
MeOD HCC?)x 1) H,LB3)x 1) He@)xary [ *®
HC(8) x C(5/7) i
_ H,CC(7) x C(5/7) .
racm o HC®) X C(5/7) H,CC(7) X C(5/7) =
® HCC(7) x C(8)
cw | | HC@®)x C(4) I
c2) & c6) — HC(8) x C(2/6) -
-8
— — [ — . — ——
7 5 4 3 2 F2[ppm]

Supplementary Fig. 3 | NMR spectroscopic analysis of BrcsDPQ; ligand. 'H-"*C HMBC (400 MHz,
CD30D) NMR spectrum.

11



9c0'c—
£vSe
m%,mW
285
w%a\

N-HO’HOHOIg J

OSWa- =

-N-HOHO ’HOIg-

(ELBLL) HO ——

CN

CN

(58€) HO-

(#1801 ‘982) HO- M

(8) HO- 7

A

Br/\/\N O

ppm

- ©

-\

(=]
o
o~

VL1'2e—
9608 —

0986V —

€91°00L —

80460} —
aes L —

£69'8L1

911811 >
£8e°0zh -
19t'5Z) —

886°1EL ~_
z6872EL—

299'6eL —
18E'GYl —
vLLLGL —

N'HO'HO*HO!g
N°HO°HOHO1g
*HO-
e — "
OoSsna- ]
N°HO*HO*HOIg ;
4
(2)o-
(€1311)0- (-
NO X2Z- |
(8)o-
(£89)0-
3 (018¥1)0-
‘ (289)0-
) 3 (¥)o-
(8)o-
(z1)o-

Y ‘

10 ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20

160

Supplementary Fig. 4 | NMR spectroscopic analysis of the BrcsHBC ligand. '"H NMR (400 MHz)

spectrum, top; '*C NMR spectrum (100 MHz), bottom.

12



T z
539 T 58 8 =
O - ~
sed8 2 ¥ B 5
CNxrTxx e <, [
QRQRQ b= 6 15}
T @ 5
BN CN Q J a?
| J S S
BrCH,CH,CH,N- - 20
BrCH,CH,CH,N-._ | HC (18) x H,C(18) A HC (17) X H,C (17)
N-CH-. | CH-N¥ CHN
DMSO- — 5 solvent - 40
MsOCH,CH,CH,N- — & HC (16)x H,C (16)
- 60
- 80
Cc(7)- 100
c(1)-._J
C(11&13)-~(—) & HC (11813)x HC (11813)
2xX CN-._|
c C9)- ] 1120
(3&5)- ' — f) HC (385) x HC (385)
C(2886)- ... ‘» HC (286) x HG,(286)
C(10814)- ?
c(4)- HC (10814) X HC (10&14) L 140
C(8)-— — HC 8)x HC (8)
C(12)-—
160
T T T T T T T T
8 7 6 5 4 3 2 1 ppm
= S S
P RNG) &)
[5) - = z
gcdd & © ¥ o T
TIxTx pet o, O,
NSS53S g x x
? @ QG T 5 3,
~ N/ P @ T
o
Br "N N J N j 1 %
| b U l ] i
sren,ch.cHaL HC (18)x H,C (17) [
BrCH,CH,CH N- . X
, 2N_cf_' e 2 2 aHzC (16) x H,C (18) HC (17) x H,C (18)
DMSO- e B (1) x -9 Sotvent L 40
MsOCH_CH_CH_N- — Q
2T 2 H,C (18) x H,C (16) oN-CHzx H,C (16) HC (7 x L (16)
- 60
- 80
c(7)_ | Q HC (3&S5) x HC (7) 100
C(11&1§(1)- ] HC (385) x C(é)
N o ©)x O | HC (256)x O HC (11) x HC (13) & HC (13) x HC (11)
C(9)- 0 HC (11813) x HC (9) - 120
C(385)- - BHC (5) x HC (3), HC (3) x HC (5)
C(?é‘;"é)) — —=00HC (2) x HC (6) & HC (6) x HC (2), HC (10) x HC (14) & HC (14) x HC (10)
C(4)- - —Q8 HC (286) x C(4) 140
C(8)-— QHC (10&14) x C (8)
€(12)- — L/ o °
HC (10814)x C (12) HC (16)x C (12) N-CH,x C (12)
HC (8) x C (4) 160
HC (8) x HC (10&14)
T T T T T T T T
8 7 6 5 4 3 2 1 ppm

Supplementary Fig. 5 | NMR spectroscopic analysis of the BrcsHBC ligand. 'H-"*C HSQC NMR
spectrum, top; 'H-3C HMBC NMR spectrum, bottom.

13



CN

CN

N

O "N O

Y

A\

Q

-m »
Q.
Q
- 3
3
3 860'/2— “N“HO°HO HOOSIN :
€
. Sl928~ ‘HO-S-
N‘HO'HOHOOSW 86t 108'8€— HO-N-——%
r 8658y — -N°HO HOHOOSI
Fo Z96¢C
~¢6¢
N'HOHO'HOOSIN T 12e 29— “NHOHO'HOOSIN {
3
L o lm
€ -
N*HOHO'HOOSIN ——=e —%57 1000
- w0
3
L 61201 — (Do-—%
€z LLL (19 i
ro© ErL L — (er811)0- —%
€52°8L) — N Xz- F
L oLe Ll — (6)0-——%
(€1811) HO- ——— 861 098'G2L — (£89)0-
L 90€°Z¢EL (0L8Y1)0- 4
~ ogs ool B (289)0-
m_UDO. O b
(8) HO- L %07 G600V} — . (¥)o- 3
(s8¢ '992) HO- o 0Ll PPl — /° (8- ———%
(71’801) HO- —00z 3
- o ShLbSL— ) 2o-—3%
MT i
o,s\\o
Lo o\

10 ppm

150 140 130 120 110 100 90 8 70 60 50 40 30 20
14

160

Supplementary Fig. 6 | NMR spectroscopic analysis of MsOcsHBC ligand. '"H NMR (400 MHz)

spectrum, top; '*C NMR spectrum (100 MHz), bottom.



Z z
I ~ Z 9P 2.
. o, T SO T
358 2} 5 I IF =
o3 = D
NEfRe 3 ¥ > S
e T 8 Q 5
80998 5 & 2 O
Q 0N CN B IJI Q i = = g
e Y | Jl‘l_‘l\ I | u\; 1 Lw‘—ln
- 20
MsOCH, CH,CH,N- | 0 HC (1N xH,C(17)
N-CH,- 4y CHSX CH,-S 40
S-CH.- CH,Nx CH-N B
MsOCH,CH,CH,N- — o
H,C (16) x H,C (16)
- 60
MsOCH,CH,CH,N- —— 0 H,C (18) x H,C (18)
coel,- Y
c(7)— 100
c(
C(11&13)- . 0 HC (11813) x HC (11&13)
2XCN- ]
o= 120
C(3&5)- 277 ] @ HC (385) x HC (3&5)
C(10&14)- ~ car- 0 @ HC (286) x HC (286)
C(288)-- ce ‘3| HC (10814) x HC (108]4) 140
®)- 1 HC (8) x HC (8)
c12)-! L 160
......... e e e
9 8 7 6 5 4 3 2 1 ppm
=
T i“ Z o Z
= S, G, O 5
5 o~ T N0, 9,
IS 2 o 5 % T
CN S & 35 3 B ST O
Te8F ¢ o 5 z
~ 35393 = 2 9 g
o CN S Q = 2
) 0N U‘L b \ =
S | S SR L | B A
H,C (18)x H,C (17) H,C (16) x H,C (17) - 20
MsOCH,CH,CH,N- — : — : ’
N-CH,- H,C (16) x N-CH,
S-CH,- —~ - 40
MsOCH,CH,CHN- ——{ H,C (18)x H,C (16) 4 e ,_,HZC (17)x H,C (16)
N-CH,x H,C (16)
H,C (17) x H,C (18 - 60
MsOCH,CH,CH,N- Qe (IMXH,C(18)
H,C (16) x H,C (18)
CDClr — - 80
ey 1 HC (385) x HC (7) — 100
c(11813)- C(1)--_ HC (385)x C (1) 4HC (1) x HC (13) & HC (13) x HC (11)
2X CN-._ _ ] HC (286)x GNg_f1CEXCN L 41843)x He (9) - 120
c3as5)- GO '
(3&5)- ~T—HC (5) x HC (3), HC (3) x HC (5)
C(10&14)-i/\ ———9=¢ 0-— HC (8) x HC (10814)
C(286)- C@)-. T oo —H®xcH - 140
C(8)- — F—OHC (10814) x C (8)
C(12)- — <} L] ;]
(12 He (10814)x € (12) HC (16)XC (12) N-CH,x C (12)
HC (286) x C (4) L 160
HC (2) x HC (6) & HC (6) x HC (2)
HC (10) x HC (14) & HC (14) x HC (10)
T T T T T T T T
7 6 5 4 3 2 1 ppm

8

Supplementary Fig. 7 | NMR spectroscopic analysis of MsOcsHBC ligand. 'H-3C HSQC NMR
spectrum, top; 'H-*C HMBC NMR spectrum, bottom.

15



*HO-S- -

“N-"HO’HO'HOOSIN- —==

HO-N-’

N
N O
0N O N

Q
Py
o

=
)

-N-HO HO HOOSIN- —=—=

-N-"HO*HO’ HOOSN- ———,

(jAB1edoid) *Ho-

(AU HO B (ELBLL) HD- ——=x

loao-

(98€) HO B (8) HO-
(982) HO- M
(#1801) HO-

ppm

-\

©
o
N

|

I3}
<
{32}

|

o
o
©

©
o
N

o
<
o

|

-
<
-

«1

<
o
™

|

07
-
(el

) &)

o
o
o

|

1G0'LC—

68G/€~_
c9.L8e—"

85 8 —

8y /99—

L6 V0L —

Sl LLL—
LWOpLL—
9/E6LL~_
9E1L T~
G/9'STh~_
Zr8'9zL —
YBS LEL ~
GI8VEL~
I18L'9gL —=
v
L6 byl

S5l —

N’HO®HO*HOOSIN
*HO-§-—
HO-N-
N°HO HO®HOOSI
N°HO*HOHOOSIN
loao- ;
(L)oo ——
(€LsLL)o- .
(AUAY HO=HD-
NO-
(e89)0- (8)0--
(289)0- :
(0L8¥1)0- )
(AUIA*HD=HD- — )" ——
9=HY T )o-
5 (8)0- —————
(z1)o-

10 ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20

160

Supplementary Fig. 8 | NMR spectroscopic analysis of MsOcsHBC-vinyl ligand. '"H NMR spectrum (400

MHz), top; '3C NMR spectrum (100 MHz), bottom.

16



=
£
— >
4 S z z, z
S pe 5 T zZo T
~N o~ X & - O, 4O o,
¥ _O - - o I T T
> Do 3 z ~ O T [S)
o oF = £ X IN Y IN
o CN - LRO = ~ Q o %)
2 0N I Tz =T x Q 3
- - (3} ) Q 2 2
-2 | O QQF 7 7 = g £
[y l J It 1L ) i L A
l - 20
MsOCH,CH,CH,N-— HC (17)x H,C (17)
S-CHz- ] CH,-S x CH,-S
N-CH,-~ CH, N x CH_N - 40
MsOCH,CH,CH,N- — PH,c (16)x H,C (16)
- 60
MsOCH,CH,CH,N- — ‘ DH.C (18) x H,C (18)
CDCI.-
& - 80
C(11&13)- 100
. = Y C(7)-—
(vinyl) CH g(';; S @ | HC (11813) X HC (11813)
- L
— W L
C(3&5)- . 2x CN- i i
cgz&si_ = — HC (385) x HC (385 H,C (vinyl) x H,C (vinyl) 120
C(10&14)- - _ HC (286) X HC (286)
c@-———==| | @ —tm
(vinyl) CH=C(HZ- T | HC (vinyl) x HC (vinyl) 140
ey HC (8)x HC (8)
c@ —{ | Hc (10814) x HC (10814)
€12)- T T T T T T T T
9 8 7 6 5 4 3 2 1 m
pp
=
f=
© x z
3 3] I“ Z z9 z,
g & o S &% 5
~ T ~ o o T [8)
¥ O (2 _ T & T =
% o9 02 z % . Y 1)
o\\ ,O/V\N CN g @g E -sN 35 5 { gu
| T x x )
3 395% 9 ? 2 2 g
} —r
e T i PR .
H,C (18) x H,C (17 - 20
MsOCH,CH,CH,N- — no oo QHC (8 xHLUT)
X
N-CH,- . i :
S-Cla-ll- S 0 H.,C (16) X N-CH, L 40
MsOCH,CH,CH,N- —| AHC (17)x H,C(16)
H,C (18) x H,C (16) N-CH,x H,C (16)
- 60
MsOCH,CH,CH,N- — HC (1) x H,C (18] e a7y xH,C(8)
CDCI.-
3 - 80
HC (5) x HC (3), HC (3) X HC (5)
~ C(11&13)- e HC (385) x HC (7’ -100
(vinyl) CH=CC(|;§- \ " HC (11) X HC (13) & HC (13) x HC (11)
T — 1| L 6 HC (8) x C
C(385)- .. 2x CN- — HC(2&:)xC @x gHC (11&13)xHC (©) 120
C(2&6)- > - — HC (vinyl) x € (1)
C(108é1(2§- - — 9 . “HC (2)xHC(6)&HCéG)x HC (2)
- = —— . . )
] K — a7 LU—HC B)X HC (10&14) B
(vinyl) CH-ggi. < 9 | % gé’é)c (é)“) . MG iy & (1) 140
- 7 . P | X § Ty
c@®-" N L HE (a8 x e (viny) HC (16)x C (12) N-CH,x C (12)
c(12)- - He (10814 x C®) [ a0 160
HC (10) x HC (14) & HC (14) x HC (10)
I I I 1 I I I I
9 8 7 6 5 4 3 2 1 ppm

Supplementary Fig. 9 | NMR spectroscopic analysis of MsOcsHBC-vinyl ligand. 'H-3C HSQC NMR
spectrum, top; 'H-3C HMBC NMR spectrum, bottom.

17



(OH = yo7 |

o

=]

=1
GEsaNaanNaNNaN
= o

0
-
o
©
©

O\/\N/\/\Br

CF;COOH

4
?:UNI < 007

WEDH ! 5oz

(O'H —— voz |

(UDH — o0z

(€DH — zoi]

(8)OH ({)DH — Toz |
©DHRWIH ——= Lo7]
(L)oH — 660

(6)DH — 001

NH =< vel |

[ppm]

10

12

8929'8C -
6£0L°LE ~
1068°8¢€

(2
(€)
oswa

9666°SY
z6leor ¢

908€v9

2rvs'sol

9PSLLLL
v2eeTLL L
829G VLL -
LLEL'OLL

LI8L€CL
L502'vel |
vr69°L21 -

LECY 0GL
QLrL' PG A
5802°9G} -

I
l
86179'8G1
€000°651 -

(DB ——

CF4COOH

[Ppm]

50

100

150

Supplementary Fig. 10 | NMR spectroscopic analysis of BrcsDBF. '"H NMR spectrum (400 MHz,

DMSO-dé), top; "*C NMR (400 MHz, CD30OD) spectrum, bottom.

18



T
e
-z
HC@) , o || HCOMXHCRY I
OMSO HCE) xHCE)) | T g -
H,C(17) HN"xH,C(1") " p r
HCR) H,CXH,C(2) H L2 xH,) |
e HN X H.C) H,C(2") x H,C3") .
N — HC@)xHLCO” L
HAD) H,C() X () DA
— ©
HCE) i
HC(8) HO4) x HL(3 i
HC(78 : HC(9) x HC(8) HC(7) x HC(8) L
HC(4) & HC(6) = HC(7) x HC(6)
HC() =] C8YX[HC(6) HC(3)x HC(@) Fe
HC(9) HC(8) x HC(9) -
H.C2) x HN*
e ,C(2')x H,| H.C(") X HN* L
-2
T T T T T T T T T T T T T T T
14 12 10 8 6 4 2 F2 [ppm]
°
£
EE 5 2
T U ~ U =
-3 % i~ -1 PN
SIS o & EE |&
> U%|gB 9.5 |G
1R il
| __
T
@) | Jp—
— QHCExC@) |
omsS > H,C3")x C(3") 2
DMSO x DMSO -
)& cn”) — R
(2) &) HCxa) © P HComxaan -8
1) — H.C(1) x C(17) I
-8
)] HC() x (1) =
68 ) — HC(4) x C(4) & HC(6) x C(6) i
CF.C00, C3) HCOI X CO) HC(3)x C(3) i
B = HC(8) x C(8)
Cl12) & C(9a)— ' HC(7) x C(7) :
an
C(4a) =3
€ - -3
Clea) 3 i
CF,CO0"
T T T T T T I T T T T T T T T
14 12 10 8 6 4 2 F2 [ppm]

Supplementary Fig. 11 | NMR spectroscopic analysis of BrcsDBF. 'H-'H COSY (400 MHz, DMSO-ds)
spectrum, top; 'H-"3C HSQC NMR (400 MHz, DMSO-ds) spectrum, bottom.

19



favi)
R —
DMSO

( H,C(27) DMSO

H,C(3") x C(2")

1 H,C(2") x C(3")

DMSO x DMSO

C(2) & (1 —

(1) —

(1) —

C(6) & C(4) —
CF.COO" —3
3 (€] CE)Z)::,
C(1a) & C(9ac(7)—

C(4a)

C(2)
C(6a)
CF,CO0"

H,C(1)x C(2)

Supplementary Fig. 12 | NMR spectroscopic analysis of BrcaDBF. 'H-"*C HMBC (400 MHz, DMSO-ds)

HC(3)x C(1)
HC()yxC(3) HC(3)x C(1)
HC(1) x C(3)
HLEI X8 HC(8) x C(9a)
HC(9) x C(9a) HC(4) x C(1a)
HC(6) x C(9a)
HC(1)x C(4a)
HC( X C(2) HC(3) x C(4a)
HC(9) x C(6a) HCB)x C(2)

H,C2") x C(1)
H,C(3")x C(1")

H,C(1x C(2)

NMR spectrum.

20

T
F2 [pp

m]

F1 [ppm]



(Q)OH=
3

—

(Q)O°H B ©0°H % (NO°H —=_

)

(L)O°H —==

—

(4] O«I —_———

il

(WIH ———=

)

(.,QorH —==

(uP)OH W
(WO —————————o
o' (QH—————

(WOH ——=———]
(e.€)OH ,lq

(B.QOH ==

_J
GONH ——=

WINH ————=

IOH) —————————

ppm

§65€9l —

VLLELL—

#)9H.,
(DI°HB @DIHR I H, -

(£ -

@92 H B (MI°H

(W9OH

(uPOH |
(euDOH
(BLEOH

(O°H-——

(2)9°H

WOH

‘IoHO

o (WQOH

« (LoH

ppm

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

190

3C NMR (100 MHz, CDCl3) spectrum, bottom.

top;

’

Supplementary Fig. 13 | NMR spectroscopic analysis of Br-C4-biotin. '"H NMR spectrum (400 MHz,

CDCls)
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Supplementary Fig. 14 | NMR spectroscopic analysis of Br-C4-biotin. 'H-3C HSQC NMR (400 MHz,
DMSO-ds) spectrum, top; 'H-"*C HMBC NMR (400 MHz, DMSO-ds) spectrum, bottom.
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