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I. Experimental

Synthesis of BCN-DAz-Biotin

General Methods for Synthesis. Materials and reagents were obtained from commercial sources
without further purification unless otherwise noted. Anhydrous solvents were obtained either
commercially or from an alumina column solvent purification system. All reactions were carried
out in oven-dried glassware under inert gas unless otherwise noted. Analytical TLC was performed
on glass-backed silica gel 60 A plates (thickness 250 um) from Dynamic Adsorbents and detected
by charring with 5% H>SO4 in EtOH. Column chromatography was performed using flash-grade
silica gel 3263 um (230-400 mesh) from Dynamic Adsorbents. *H NMR spectra were recorded
at 500 MHz with chemical shifts in ppm (8) referenced to solvent peaks. **C NMR spectra were
recorded at 125 MHz. NMR spectra were obtained on a Varian Inova 500 instrument. Coupling
constants (J) are reported in hertz (Hz). High-resolution electrospray ionization (HR ESI) mass
spectra were obtained using a Waters LCT Premier XE using raffinose as the lock mass.

Compound 5.
1. Biotin, HBTU, DIEA, DMF S NHE
moc ' oc

2. 50% TFA in CH,Cl, NN

3.4, HBTU, DIEA, DMF
o NH (66% over 3 steps) H'T‘ o 0

BocHN” > "o 2 (CHCH0); HN)kNH
3 y
FmocHN\/\/ ., _NHBoc H Hins ol
L HN
HO™ o S
o}
Boc-Lys(Fmoc)-OH (4) 5

A mixture of biotin (689 mg, 2.82 mmol), HBTU (1.43 g, 3.78 mmol), and DIEA (0.81 mL, 4.7
mmol) in anhydrous DMF (20 mL) was stirred for 20 min at room temperature under an argon
atmosphere before being added dropwise to a solution of compound 3* (600 mg, 2.41 mmol). The
reaction mixture was stirred overnight at room temperature, after which the solvent was removed
by rotary evaporation to give a red oil, which was subjected to silica gel column chromatography
(CH2CI2/CH30OH/EtN, 100:10:1) to afford N-Boc-N -biotinyl-3,6-dioxaoctane-1,8-diamine. All
of the intermediate was dissolved in 50% TFA in CH2Cl, (30 mL) and stirred at room temperature
for 3.5 h. The solvents were removed by rotary evaporation to give a pale yellow oil, which was
subjected to silica gel column chromatography (CH2Cl2/CH3OH/EtzN, 20:10:1) to afford N-
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biotinyl-3,6-dioxaoctane-1,8-diamine. All of the intermediate was taken forward to the next step.
To asolution of (Boc)-Lys(Fmoc)-OH (2.00 g, 4.26 mmol) in anhydrous DMF (60 mL) was added
DIEA (1.10 mL, 6.31 mmol) and HBTU (2.00 g, 5.27 mmol). After stirring for 30 minutes under
an argon atmosphere, the mixture was added dropwise via syringe to N-biotinyl-3,6-dioxaoctane-
1,8-diamine stirring in DMF (50 mL). After stirring for 2.5 h at room temperature under an argon
atmosphere, the solvents were removed by rotary evaporation and the residue was purified by silica
gel column chromatography (CH2>Cl,/CH3OH/Et3N, 100:10:1) to afford compound 5 (1.30 g, 66%
over three steps). *H NMR (500 MHz, CDs0D): § 7.79 (d, J = 7.5 Hz, 2 H, Fmoc ArCH), 7.39 (t,
J=8.0Hz, 2 H, Fmoc ArCH), 7.31 (t, J = 7.5 Hz, 2 H, Fmoc ArCH), 4.46 (dd, J =5.0,8.0 Hz, 1
H, biotin NHCH), 4.34 (d, J = 7.0 Hz, 2 H, Fmoc CH20), 4.26 (dd, J = 4.5 Hz, 8.0 Hz, 1 H, biotin
NHCH), 4.20 (t, J = 6.0 Hz, 1 H, Fmoc benzylic CH), 4.10-3.96 (m, 1 H, Lys a-CH), 3.58 (s, 4 H,
PEG OCH,CH0), 3.54-3.51 (m, 4 H, PEG OCH,), 3.37-3.34 (m, 4 H, PEG NHCH,), 3.17-3.14
(m, 1 H, biotin SCH), 3.11 (t, J = 6.0 Hz, 2 H, Lys NHCH,), 2.88 (dd, J = 4.5, 12.5 Hz, 1 H,
biotin SCHendo) 2.69 (d, J = 13 Hz, 1 H, biotin SCHexo), 2.20 (t, J = 7.5 Hz, 2 H, biotin COCH>),
1.75-1.40 (m, 12 H, biotin CHas, Lys CH2s), 1.42 (s, 9 H, Boc CHss). *C NMR (125 MHz,
CD30D): ¢ 176.08, 175.27, 166.05, 158.86, 157.78, 145.36, 142.58, 141.38, 139.29, 129.87,
128.78,128.19, 128.15, 126.16, 122.04, 120.94, 120.67, 108.27, 80.57, 71.28, 70.60, 70.50, 67.57,
63.33, 61.57, 56.98, 56.10, 49.84, 41.38, 41.02, 40.27, 36.72, 33.11, 30.49, 29.74, 29.48, 28.73,
26.81, 24.05. HRMS (ESI*): m/z calcd. for Ca2HsoNsOeS [M + Na] *: 847.4040; found: 847.4050.

Compound 7.

1.50% TFA in CH,Cl,
FmocHN. _~_ ... -NHBoc 2.6, HBTU, DIEA, DMF HN o~ M
/L 3. 20% Piperidine in DMF /L

HN o O (48% over 3 steps)
CHchzo)z (CHZCHZO
DAz-CO,H (6)

Compound 5 (123 mg, 0.150 mmol) was dissolved in 50% TFA in CH2Cl; (2.5 mL) and stirred
under an argon atmosphere at room temperature for 2 h. The solvents were removed by rotary
evaporation to give a crude syrup, which was taken forward to the next step. To a solution of 62
(26.0 mg, 0.203 mmol) in anhydrous DMF (5.0 mL) was added DIEA (38 pL, 0.23 mmol) and
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HBTU (69.0 mg, 0.182 mmol). After stirring this mixture under an argon atmosphere at room
temperature for 30 minutes, it was added dropwise to a solution of the intermediate free amine
(obtained above) in anhydrous DMF (3.0 mL). The reaction was stirred for 6 hours, then the
solvents were removed by rotary evaporation and the crude residue was subjected to silica gel flash
column chromatography (CH2Clo/CH3OH/EtzN, 100:10:1) to afford the diazirine-modified
intermediate. All of the intermediate was dissolved in 20% piperidine in DMF (2.50 mL) and
stirred under an argon atmosphere at room temperature overnight. The solvents were removed by
rotary evaporation and the crude material was purified by silica gel flash column chromatography
(CH,Cl2/CH30OH/EtsN, 10:10:2) to give compound 7 (44 mg, 48% over three steps). *H NMR (500
MHz, CD30D): 4 4.49 (dd, J = 4.0, 7.0 Hz, 1 H, biotin NHCH), 4.32-4.27 (m, 2 H, biotin NHCH
and Lys a-CH), 3.61 (s, 4 H, PEG OCH2CH:0), 3.55 (t, J = 5.0 Hz, 4 H, PEG OCHz), 3.38-3.35
(m, 4 H, PEG NHCHy), 3.23-3.19 (m, 1 H, biotin SCH), 2.93 (dd, J = 5.5, 13.5 Hz, 1 H, biotin
SCHendo), 2.71 (d, J = 13.0 Hz, 1 H, biotin SCHexo), 2.62 (t, J = 7.0 Hz, 2 H, Lys NHCH>), 2.22
(t, J =7.0 Hz, 2 H, biotin COCH?), 2.16 (t, J = 7.5 Hz, 2 H, DAz COCH), 1.81-1.26 (m, 14 H,
biotin CHzs, Lys CHzs, DAz CHy), 1.01 (s, 3 H, DAz CHjs). 13C NMR (125 MHz, CD30D): &
176.14, 174.55, 174.50, 166.12, 70.31, 70.61, 70.51, 63.49, 63.38, 61.62, 57.04, 54.84, 53.56,
42.28, 41.05, 40.33, 40.30, 36.76, 33.46, 32.99, 31.28, 31.05, 29.79, 29.51, 26.87, 26.39, 24.28,
19.76. HRMS (ESI"): m/z calcd. for C27H4sNsOeS [M + Na] ™ 635.3315; found: 635.3329.

Compound 2 (BCN-DAz-Biotin).

HZNWLM Cerdr

8, Et3N, DMF (41%)

CHZCHZO)

(CHchzo)z

HN)VKNH

o -oNP
HN ‘ Hire H
HN
BCN-DAz-Biotin (2
o z-Biotin (2) s
7 ex0-BCN-O-pNP (8) o

To a solution of compound 7 (41.0 mg, 79.2 umol) in anhydrous DMF (2.00 mL) was added exo-
BCN-O-pNP 8% (25.0 mg, 66.0 umol) and EtsN (35 pL, 250 pmol). The reaction mixture was
stirred under an argon atmosphere at room temperature for 18 hours, after which it was

concentrated by rotary evaporation and purified by silica gel column chromatography
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(CH2Cl,/CH3OH/Et3N, 100:10:1) to afford BCN-DAz-Biotin 2 (26.0 mg, 50%). *H NMR (500
MHz, CD30D): & 4.50 (dd, J = 4.0, 7.0 Hz, 1 H, biotin NHCH), 4.31 (dd, J = 4.5, 7.5 Hz, 1 H,
biotin NHCH), 4.28 (dd, J = 5.0, 8.5 Hz, 1 H, Lys a-CH), 3.94 (d, J = 7.5 Hz, 2 H, BCN CH;0),
3.61 (s, 4 H, PEG OCH,CH:0), 3.55 (t, J = 5.0 Hz, 4 H, PEG OCHy), 3.41-3.34 (m, 4 H, PEG
NHCHS>), 3.23-3.19 (m, 1 H, biotin SCH), 3.09 (t, J = 8.5 Hz, 2 H, Lys NHCH?), 2.93 (dd, J = 5.5,
13.5 Hz, 1 H, biotin SCHendo), 2.71 (d, J = 12.5 Hz, 1 H, biotin SCHexo), 2.38 (dd, J = 3.0, 13.5
Hz, 2 H, BCN propargylic CHs), 2.27-2.09 (m, 8 H, BCN propargylic CHs, BCN homopropargylic
CHs, biotin COCH2, DAz COCHy), 1.77-1.29 (m, 16 H, BCN homopropargylic CHs, biotin CH>s,
Lys CHzs, DAz CH>), 1.01 (s, 3 H, DAz CHj3), 0.76-0.66 (m, 3 H, BCN cyclopropyl Hs). *C NMR
(125 MHz, CD30D): 6 176.15, 174.52, 166.12, 159.37, 99.44, 71.32, 71.31, 70.61, 70.50, 69.95,
63.37, 61.62, 57.04, 54.78, 41.35, 41.07, 40.33, 40.30, 36.77, 34.40, 32.79, 31.31, 31.07, 30.55,
29.80, 29.51, 26.89, 26.41, 25.07, 24.17, 24.10, 21.94, 21.90, 19.76. HRMS (ESI*): m/z calcd. for

C3sHsoNgOsS [M + Na]*: 811.4152; found: 811.4186.

Metabolic Labeling and Analysis of Mycobacterium smegmatis

Bacterial strains, media, and reagents. M. smegmatis mc?155 was cultured at 37 °C in
Middlebrook 7H9 liquid medium supplemented with ADC (albumin, dextrose, and catalase), 0.5%
glycerol, and 0.05% Tween-80. A stock solution of synthetic BCN-DAz-Biotin was prepared in
DMSO at a concentration of 10 mM and stored at —20 °C. A stock solution of 6-TreAz was
prepared in ultrapure H>O at a concentration of 25 mM, sterile-filtered, and stored at —20 °C. A
stock solution of avidin-488 (Life Technologies) was prepared in PBS 1x at a concentration of 1
mg/mL and stored at —20 °C. Prior to usage in bacterial labeling experiments, stock solutions were
diluted to the desired concentration with the appropriate culture medium or buffer and temporarily
stored at 4 °C.

Procedures for bacterial labeling and analysis. Starter cultures of bacteria were generated by
inoculating a single colony from a freshly streaked LB agar plate into 3 mL liquid medium in a
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culture tube. Starter cultures were incubated at 37 °C with shaking until reaching mid-logarithmic
phase and then diluted with liquid medium to the desired density for initiating experiments.

Labeling experiments were performed in 96-well plates. Bacteria were mixed with liquid
medium and 6-TreAz in sterile flat-bottom 96-well plates to achieve the desired cell density and
6-TreAz concentration (25 uM) at a final volume of 200 uL. Plates were incubated at 37 °C with
shaking in a Tecan plate reader (Infinite F200 PRO operated by Tecan iControl software) until the
desired end-point (culture time 16 h, end-point ODggo ~1.0-1.2).

For secondary labeling of bacteria with BCN-DAz-Biotin by SPAAC, a suspension of 6-
TreAz-labeled cells (200 uL) was transferred to a v-bottom 96 well plate, centrifuged (3,600 rpm,
10 min, room temperature) and washed with PBS 1x containing 0.5% bovine serum albumin
(PBSB) three times. Subsequently, cells were incubated with BCN-DAz-Biotin at the desired
concentration for 30 minutes at room temperature in the dark, followed by washing three times
with PBSB. Then, the cells were fixed with 4% paraformaldehyde in PBS 1x for 10 minutes and
washed three times with PBS 1x as described above. Next, cells were incubated with avidin-488
conjugate (200:1 dilution of a 1 mg/mL stock solution in PBS 1x) for 15 minutes at room
temperature in the dark. Finally, cells were washed with PBS 1x three times and prepared for

analysis by flow cytometry or fluorescence microscopy.

Flow cytometry. After fluorescent labeling of bacteria according to the above procedure, bacteria
were transferred to 5 mL polystyrene Falcon tubes (BD Biosciences) and analyzed by flow
cytometry. Flow cytometry was performed on a BD Biosciences FACSAria Il flow cytometer.
Fluorescence data was collected for 50,000 cells at an event rate of 500-1,000 events/sec and
processed using BD FACSDIVA 8.0.1 software. All flow cytometry experiments were performed
with three replicate samples, and data shown were representative of at least two independent
experiments. Scatter-gated fluorescence analysis was used to obtain mean fluorescence intensities

with doublet discrimination.

Fluorescence microscopy. 10 uL of bacterial sample in PBS 1x were spotted onto a microscope
slide, lightly spread into a thin layer using the edge of a coverslip, and allowed to air dry in the
dark. Fluoromount-G mounting medium (SouthernBiotech) was applied, then cover slips were
placed over the sample and immobilized with adhesive. Microscopy was carried out using an

EVOS FL (Life Technologies) inverted microscope equipped with a 100 x 1.4 numerical aperture
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Plan-Apochromat oil immersion lens. Fluorescence imaging was performed using a GFP
(maximum excitation/emission = 470/510 nm) LED light cube. Images were captured with a Sony
ICX445 CCD camera and processed using the FI1JI distribution of ImageJ. Image acquisition and
processing were performed identically for all test and control samples being compared. Imaging

data shown were representative of at least two independent experiments.

Photocrosslinking of BCN-DAz-Biotin and BSA

Reagents. Stock solutions of reagents used in the SPAAC step included 1 mM BCN-DAz-Biotin
in DMSO, 1 mM DBCO-Biotin (Click Chemistry Tools) in DMSO, and 1 mM Az488 (Click
Chemistry Tools) in DMSO. BSA (MP Biomedical) was defatted by washing with chloroform
three times and drying under high vacuum. A stock solution of defatted BSA was prepared in

ultrapure water at a concentration of 2 mg/mL.

SPAAC and Photocrosslinking. SPAAC reactions were carried out by incubating Az488 (75 uM)
with either BCN-DAz-Biotin (50 uM) or DBCO-Biotin (50 uM), or vehicle conditions, in the dark
at 37 °C for 27 h with gentle shaking. Next, 20 uL aliquots of each reaction product were mixed
with 10 uL of defatted BSA to achieve approximate final concentrations of 33 uM probe and 10
uM BSA. BSA-only vehicle controls were also prepared. These solutions were incubated in the
dark at room temperature with shaking for 1 h, then split into equal volumes and either left non-
irradiated or exposed to UV irradiation for 20 min. UV irradiation was performed using a 15-watt
365 nm UV bench lamp (UVP) with samples placed in a 96-well plate 30 cm from the lamp.

Gel Electrophoresis and Western Blot Analysis. Samples were analyzed by SDS-PAGE and
Western blot. Samples obtained as described above were mixed with sample loading buffer (0.25
M Tris-HCI pH 6.8, 8% SDS wl/v, 30% Glycerol v/v, 0.02% Bromophenol Blue w/v, 10 mM
dithiothreitol v/v), heated at 95 °C for 5 min, loaded into Mini-PROTEAN TGX 4-20% precast
gels (Bio-Rad), and electrophoresed at 150 v for 90 min. In-gel fluorescence was detected with a
Typhoon FLA 7000 (GE Healthcare Life Sciences) using fluorescein excitation/emission filters.
For Western blotting, protein was transferred immediately following in-gel fluorescence to a
nitrocellulose membrane at 100 v for 1 h. After transfer, the membrane was washed 3 times for 5
minutes each with TBST, blocked overnight with 5% non-fat dry milk (Bio-Rad) at 4 °C, washed
3 times for 5 minutes each with TBST, incubated with 1:1000 avidin-HRP conjugate (Bio-Rad) in
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blocking solution for 1 h, washed 4 times for 15 minutes each with TBST, and incubated for 5 min
with 1:1 luminol/enhancer solution:peroxide solution (Clarity Western ECL Substrate, Bio-Rad).
Imaging of the membrane was performed using a ChemiDoc Touch Imaging System (Bio-Rad).
For Ponceau staining of total protein, nitrocellulose membranes were exposed to Ponceau stain

(0.5% Ponceau S. w/v, 1% acetic acid v/v) for 5 min and rinsed with water
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1. NMR Spectra and HPLC Traces for Synthetic Compounds

Compound [
Sample Name:
JAS-11-data_probel_
Data Collected on:
cha-c018-[n01 . cat .cmich. edu~i novaB00
Archive directory:
/home/ swar tLab/vrmr sys/data’s tewal ja
Sample directory:
JAS-1[-data_probel__20131120_01
FidFile: PROTON_O7
Pulse Sequence: FROTON (s2pul)
Solvent: cdlod
Data collected on: Nov 20 2013
Operator: stewalja

Relax. delay 1.000 sec

s
H1, 493.7427124 MHz
ING

7
Total time 0 min 24 sec

Compound 5 "H NMR
(500 MHz, CD,0D)

Compound [
(boc) -Lys(Fmoc) -N-biotinyl -3, 6-dioxaoctane-1,B-diamine

Semple Name:

SRR=-JAS-[[-data-probel-A
Data Collected on
-ci018-1n01 .cst .cmich. edu-inovaS00
directory:

‘swar tLab/vrer sys/dat a’rundel sr
directory:
JAS~[[-data-probel-A_20150821_01

1 CARBON_02

Pulse Sequence: CARBON (s2pul)
Solvent: edlod
Data collected on: Aug 22 2015

Temp. 25.0 C / 298.1 K
Operator: rundelsr

Relax. delay 1.000 sec
Pul 45.0 degrees

Acq. time 1.
Width 31409.5 Hz
2048 repetitions
C13. 125.6602309 MHz
mi‘ Hl, 499.7452112 MHz

Compound 5 3C NMR
(125 MHz, CD;0D)

T
2 1 0 ppm

R e L R R R R L RS BRI R AR L S LR RS LA RS LR SRR L RAR RS o

200 180 160

140 120 100 a0
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column wash after OH resin
Sanple N.oa

[-24
I:lau Collected on
-s018- anl.cu cmich. edu-inova500

A"shlv- 4u‘-=|nr
u..vun--wuwumu-!:-

s.-—l- director

Jas. Z‘_ZOI lﬂzl_DI

FidFile:
Pulse Sequence: PROTON (s2pul)
Solvent: ed
Data collected on: Nov 13 2013
Operat stewaldja

Rel dllly I.DOO sec

Pul -0_degree:

Aca. time 2. ﬂli m

Width 7‘3* 0 M

8 repetritions
DBSERVE  HI, 499.7427124 MHz
DATA PROCESSING
FT size 32768
Total time 0 min 24 sec

Compound 7 '"H NMR
(500 MHz, CDs0D)

column wash after OH resin

Sample Name
JAS-[1-24
Data Collected

3018~ 1701 - cn cmich. edu-inovaS00

Archive director
u-thuumnyvutvumlu

Pulse Sequence: CARBON (s2pul)

Solvent: cd3od
Datas collected on: Nov 13 2013

Operator: stewa3ja

Ac ime 1.043 sec

Width 31409.5 Hz

10000 repetitions
OBSERVE C13, 125.6602271 MHz
DECOUPLE M1, 499.7452112 MMz
Power 42 ﬂ

Sant imuou
-16 Hodvlll'ﬂ
ING

Total time 5 hr, 42 min

Compound 7 3C NMR
(125 MHz, CD;0D)
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BCN-DAz-Biotin (2) 'H NMR
“sepie e (500 MHz, GD,0D)

Sarple
Jﬁ-l‘l Irln'obcol_?! 14
ed on

Ulu Col lect
MIU-anl.clr.unch edu-1 novaS00

Archive director:
:L.h/vmr-yveurvum!u

Sample dlroc!
=11~ m..-un-m_a_u_zmmlzq 01

JAS.
FidFile: PROTON_(

Pulse Sequence: PROTON (s2pul)
Solvent: cd3od
Data collected on: Jan 24 2014

Operator: stewaljo
Belex. deloy 1,000 sec
Ise

Total time O min 24 sec

0 ppm

e BCN-DAz-Biotin (2) 3C NMR
T e (125 MHz, CD,0D)

Data Collected on
MIB-l»OI cll eomich.edu-inovaS00

Archive director
thh/vmwvulvrmdolv

Sample dnrntory.
JAS-SRR-tr | probe_20150826_01

FidFile: CARBON_02

Pulse Sequence: CARBON (s2pul)

Solvent: cd3od
Data collected on: Sep 4 2015

Operator: rundelsr
Relax. delay 1. 000 sec
Acq oo
Width 31409.5 Nx
117500 repetit

08‘5£W£ c3, 125 5602272 MHz
Hl, 499.7452112 MMz

Total time 66 hr. 58 min

TTTTTTT T T

e T o e e R e———
140 120 100 80 60 a0 20 ppm

L B S B B A

200 180 160
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2: Diode Array

027034 205 0.50Da
6.0e-14 g o 253 Range: 1.204
] BCN-DAz-Biotin (2) —
4.0e-14
E 139
2.0e-14
2 0.0
-2.0e-14
-4.0e-14 T
i BCN-DAz-Biotin (2) HPLC trace
T T T T T T T T T T T T T T T T T  Time
0.00 025 050 075 1.00 1.25 1.50 175 200 225 250 275 300 325 350 375 4.00
2: Diode Array
0.34 205 0.50Da
4,061 0.27 Range: 1.266
20614 15
-3.125e-84
5 E
< 20e11
-4 Oe-14
-6.0e-14
i Blank HPLC trace
T T T T T T T T T T T T T T T ) Time
0.00 025 050 075 1.00 1.25 1.50 1.75 2.00 225 250 275 3.00 325 350 375 4.00

HPLC analysis of BCN-DAz-Biotin (2) was performed on a Waters Acquity UPLC equipped with
a Waters Acquity UPLC BEH C18 column (2.1 x 50 mm, 1.7 um particle size) and a photodiode
array detector. The separation was run at a flow rate of 0.5 mL/min using a gradient elution of 0%
solvent B (0.0 to 0.5 min) — 80% solvent B (0.5 to 3.9 min) — 0% solvent B (3.9 to 4.0 min).
Solvent A, 10% acetonitrile in water with 0.1% formic acid; Solvent B, 100% acetonitrile with
0.1% formic acid. Absorbance at 205 nm is shown.
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