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Figure S1. Schematic of peptidoglycan processing by PBPs. Terminal D-Ala residues are
hydrolyzed at the C-terminus of the stem peptide by carboxypetidase (left). Adjacent
oligopeptides are crosslinked by transpeptidase enzymes (middle). Exogenous D-amino acids are
integrated into the stem peptide through transpeptidase mediated “swapping” of the terminal D-
Ala (right). GIcNAc = N-acetylglucosamine, MurNAc = N-acetylmuramic acid, m-Dap = meso-
diaminopimelic acid.
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Figure S2. (A) Intracellular MurF promiscuity enables ligation of unnatural exogenous
dipeptides into the growing stem peptide during peptidoglycan biosynthesis. (B) Unnatural
dipeptide cell wall analogs are integrated into the growing peptidoglycan. Incorporation of
chemically reactive handles facilitates site-selective modification of bacterial cell surfaces.
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Fluorescence Phase

D-Cys-D-Ala

D-Ala-D-Cys

Figure S3. Phase and epifluorescent microscopy images. B. subtilis cells (wild type) were
incubated overnight with 1 mM of either D-Cys-D-Ala or D-Ala-D-Cys. Subsequently, cells were
treated with 50 uM of FLO for 30 min and visualized using fluorescence microscopy. Scale bars

=5 pum.
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Materials. Reagents and Bacterial strains. Amino acids were purchased from Chem-Impex.
Antibody reagents were purchased from Life-Technologies. All other organic reagents were
purchased from Fisher Scientific and used without further purification. B. subtilis AdacA and B.
subtilis NCIB3610 were the strains of bacteria used for experiments.

General Synthesis of Sulfhydryl Dipeptides (solid phase). A 25ml synthetic flask was charged
with 200 mg (0.275 mmol) of 2-Chlorotrityl Chloride Resin. The resin was initially washed with
dry CH,CI; (3 x 5 ml) and dry DMF (3 x 5ml). Initial loading was performed by the addition of
Fmoc-protected amino acids (1 equiv, 0.275 mmol) in dry CH,Cl, (5 ml) to the reaction flask
with DIEA (4 equiv, 1.1 mmol) and the flask was agitated for 2 hours at room temperature. The
resin was consequently washed with DMF, CH,Cl,, MeOH, CH,Cl, and DMF (3 x5 ml each).
The Fmoc-protecting group was removed with a solution of 6 M piperazine/100 mM HOBt in
DMF (10 ml). The flask was agitated for 25 min and the deprotection solution was drained. The
resin was washed with DMF, CH,Cl,, MeOH, CH,Cl,, and DMF (2 x 5 ml each). The addition
of the second amino acid was performed by adding Fmoc-protected amino acids (4 equiv, 1.1
mmol), HBTU (4 equiv, 1.1 mmol), DIEA (8 equiv, 2.2 mmol) in DMF and agitating for two
hours. Dipeptides were subsequently Fmoc-deprotected, washed as stated before and then
cleaved using a TFA cocktail solution (82.5% TFA, 2.5% 1,2 ethanedithiol (EDT), 5%
thioanisole, 5% H,0, 5% phenol). The resulting solutions were concentrated in vacuo to remove
the TFA. The residue was triturated in cold diethyl ether and the precipitate was collected by
centrifugation. Peptides were purified wusing reverse-phase high-performance liquid
chromatography (RP-HPLC) using a Phenomenex C8 prep column with an eluent consisting of
solvent A (H,O / 0.1% TFA) and solvent B (MeOH / 0.1% TFA) using a 60 min gradient
transitioning from 5% B to 100% B. The purity of the peptides were verified by analytical RP-
HPLC using a Phenomenex C4 column with an eluent consisting of solvent A (H,O /0.01%
TFA) and solvent B (CH3CN / 0.01% TFA) with a 30 min gradient transitioning from 5% B to
100% B at a flow rate of 3 ml/min and monitored at 220nm and molecular weight was confirmed
using electrospray ionization mass spectrometry.

General Synthesis of Fluorophore and Hapten Dipeptides (solid phase). A 25ml synthetic
flask was charged with 200 mg (0.275 mmol) of 2-Chlorotrityl Chloride Resin. The resin was
initially washed with dry CH,CIl, (3 x 5 ml) and dry DMF (3 x 5ml). Initial loading was
performed by the adding a Fmoc-alanine protected amino acid (1 equiv, 0.275 mmol) in dry
CHCI; (5 ml) to the reaction flask with DIEA (4 equiv, 1.1 mmol) and agitating the flask for 2
hours at room temperature. The resin was consequently washed with DMF, CH,Cl,, MeOH,
CHCI, and DMF (3 x5 ml each). The Fmoc protecting group was removed with a solution of 6
M piperazine/100 mM HOBt in DMF (10 ml). The flask was agitated for 25 min and the
deprotection solution was drained. The resin was washed with DMF, CH,Cl,, MeOH, CH,Cl,,
and DMF (2 x 5 ml each). For dipeptides modified with NBD or DNP, either a N*-Boc-N°*-
Fmoc-D-Lysine or a N*-Boc-N*Fmoc-D-2,3 diaminopropionic acid was added to the resin.
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Upon addition, the Fmoc-protecting group was removed as stated before. Following washing of
the resin, either 4-Chloro-7-nitro-1,2,3-benzoxadiazole (NBD-Chloride) (5 equiv, 1.38 mmol)
and DIEA (7.5 equiv, 2.06 mmol) in DMF (10 ml) or 1-fluoro-2,4 dinitrobenze (DNFB) (5
equiv, 1.38mmol) and DIEA (7.5 equiv, 2.06 mmol) in DMF (10 ml) was added to the flask and
was agitated for 1 h at room temperature protected from light was added to the flask and agitated
for 1 h at room temperature protected from light for NBD-conjugated dipeptides. The resin was
drained and subsequently washed with DMF, CH,Cl,, MeOH, CH,Cl,, DMF (3 x 5 ml each). For
cleavage of the dipeptides and amino acid compounds not containing a cysteine residue from the
resin, a trifluoroacetic acid (TFA) cocktail solution (95%, 2.5% triisopropylsilane (TIPS), 2.5 %
H,0) was added to the resin and agitated for 1 h at room temperature protected from light. The
resulting solutions were concentrated in vacuo to remove the TFA. The residue was triturated in
cold diethyl ether and the precipitate was collected by centrifugation. Peptides were purified
using reverse-phase high-performance liquid chromatography (RP-HPLC) using a Phenomenex
C8 prep column with an eluent consisting of solvent A (H,O / 0.1% TFA) and solvent B (MeOH
/ 0.1% TFA) using a 60 min gradient transitioning from 5% B to 100% B. The purity of the
peptides were verified by analytical RP-HPLC using a Phenomenex C4 column with an eluent
consisting of solvent A (H,O /0.01% TFA) and solvent B (CH3CN / 0.01% TFA) with a 30 min
gradient transitioning from 5% B to 100% B at a flow rate of 3 ml/min and monitored at 220nm
and molecular weight was confirmed using electrospray ionization mass spectrometry.

General Synthesis for Fluorescent-Maleimide-Linkers and Antigen-Maleimide-Linkers
(solid phase). A 25ml synthetic flask was charged with 250 mg (0.12 mmol) of Rink Amide
Resin. The resin was initially washed with DMF (3 x 5 ml) and deprotected with 6 M
piperazine/100 mM HOBT. The flask was agitated for 25 min and the deprotection solution was
drained. The resin was washed with DMF, CH,Cl,, MeOH, CH,Cl,, and DMF (2 x 5 ml each).
Initial loading was performed by the addition of N®-Fmoc-N®*-methyltrityl-L-Lysine(3 equiv,
0.36 mmol), HBTU (3 equiv, 0.36 mmol), and DIEA(6 equiv, 0.72 mmol) in DMF to the
reaction flask and was agitated for 2 hours at room temperature. Addition of Fmoc-protected
amino acids was carried out using the afore mentioned protocol to produce linker molecules
constituted of Gly-Gly-Ser amino acid repeating units of differing length. Once the desired linker
length was achieved, the Fmoc-protecting group of the terminal glycine was then removed with
6M piperazine/100 mM HOBLt solution by agitating the flask for 25 minutes. The protecting
solution was then drained and the resin was washed with DMF, CH,Cl,, MeOH, CH,Cl,, and
DMF (2 x 5 ml each). Subsequently, NBD-Chloride or DNFB, (5 equiv, 0.60 mmol) with DIEA
(7.5 equiv 0.90 mmol) in DMF was added to the resin and agitated for 1 hour protected from
light to conjugate the either the NBD fluorophore or DNP antigen. Following addition of the
fluorophore or hapten, the solution was drained and washed as stated before. The N*-methyltrityl
protecting group of the lysine was then deprotected by adding a 10mls of a TFA cocktail solution
(1% TFA, 2% TIPS in CH,Cl,) to the resin and agitating for 10 mins protected from light. The
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solution was drained and this procedure was repeated four additional times. The solution was
then drained and washed as previously stated. Upon MTT deprotection, 3-maleimidopropionic
acid (3 equiv, 0.36 mmol), HBTU (0.36 equiv, 0.36 mmol), and DIEA (6 equiv, 0.72 mmol) in
DMF was added to the resin. The peptides were cleaved by adding a trifluoroacetic acid (TFA)
cocktail solution (95%, TFA, 2.5% TIPS, and 2.5 % H,0) to the resin and the mixture was
agitated for 1 h at room temperature protected from light. The resulting solution was
concentrated in vacuo to remove the TFA. The residue was triturated in cold diethyl ether and
the precipitate was collected by centrifugation. Peptides were purified using reverse-phase high-
performance liquid chromatography (RP-HPLC) using a Phenomenex C8 prep column with an
eluent consisting of solvent A (H,O / 0.1% TFA) and solvent B (MeOH / 0.1% TFA) using a 60
min gradient transitioning from 5% B to 100% B. The purity of the peptides were verified by
analytical RP-HPLC using a Phenomenex C4 column with an eluent consisting of solvent A
(H20 /0.01% TFA) and solvent B (CH3CN / 0.01% TFA) with a 30 min gradient transitioning
from 5% B to 100% B at a flow rate of 3 ml/min and monitored at 220nm and molecular weight
was confirmed using matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF)
mass spectrometry.
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Compound Characterization

Compound 1:

HoN

; jNH
02N \ \N

N-Q

OH

MS (ESI) [M+H"]: 310.3 (calculated), 310.3 (found)
Compound 2:

O

HoN OH
2 ))J\ﬁ/\n/

0]
HN

NO,

MS (ESI) [M+H"]: 339.3(calculated), 339.4 (found)

Compound 3:
Q 3
H,N ~_OH
N
0
; ‘.NH
02N \ \N
N~0

MS (ESI) [M+H"]: 381.4(calculated), 381.2 (found)
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Compound 4

O

HoN \ /ﬁ_rOH
H

HS ©

MS (ESI) [M+H"]: 193.3 (calculated), 193.3 (found)

Compound 5

SH
o -~

HZN\H\H/’\H,OH
O

MS (ESI) [M+H"]: 193.3 (calculated), 193.3 (found)

Compound 6: Purchased from Chemimpex and used without any further synthesis or
purification.

Compound 7
O
Hsz‘\u/erOH
HS ©

MS (ESI) [M+H"]: 193.3 (calculated), 193.3 (found)

Compound 8

O
H,N N OH
HS/- ©

MS (ESI) [M+H"]: 193.3 (calculated), 193.3 (found)
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Compound FLO

NH,
7 N
N\ / H

O—N O
MS (ESI) [M+H"]: 460.2 (calculated), 460.2 (found)

Compound FL1

MALDI-TOF [M+Na']: 683.6 (calculated), 683.5 (found)

Compound FL2

MALDI-TOF [M+Na']: 886.8 (calculated), 886.5 (found)
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Compound FL3

PN Hoof H

Ny ! N N

R B 6
HO

O,N

MALDI-TOF [M+Na"]: 1086.0 (calculated), 1086.4 (found)

Compound FL4

PN o H
Ng ! N N
\S \)l\”/\ror

HO

O,N

MALDI-TOF [M+Na"]: 1287.2 (calculated), 1287.1 (found)

Compound DLO

MS (ESI) [M+H"]: 463.4 (calculated), 463.2 (found)
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Compound DL1

NO, 0

OoN %o

MALDI-TOF [M+Na']: 686.6 (calculated), 686.7 (found)

Compound DL2

NO, 0

OoN %o

MALDI-TOF [M+H"]: 887.8 (calculated), 887.7 (found)

Compound DL3

MALDI-TOF [M+Na"]: 1089.0 (calculated), 1088.4 (found)
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Compound DL4

o 0
Y
o)
Ll X
HN N NH,
O,N o

4
MALDI-TOF [M+Na']: 1290.1(calculated), 1290.3(found)

Compound DL5

o}

o
S~y
Y
J
(AN AN
H o
5

MALDI-TOF [M+Na"]: 1491.3 (calculated), 1489.0 (found)

H

NO, \j.L
HN N N

O,N o
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Compound 2: 1H-NMR
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NAME D-Dap-NBD-D-Ala-OH
EXPNO 2
PROCNO 1
Date_ 20151228
Time 16.49
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zg30

D 32768
SOLVENT MeQD

NS 32

D5 Q

SWH 6009.615 Hz
FIDRES 0.183399 Hz
AQ 2.7264309 sec
RG 574.7

DwW 83.200 usec
DE 7.00 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
======== CHANNEL [1 ========
NUC1 1H

P1 14.00 usec
FL1 1.00 dB
SFO1 500.1327510 MHz
51 65536

SF 500.1300087 MHz
WOW EM

S5B 0

LB 0.10 Hz
GB a

EC 1.00
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13C-NMR

(>

NAME D-Dap-NBD-D-Ala-OH
EXPNO 6
PROCNO 1
Date_ 20160105
Time 10.25
INSTRUM spect
PROBHD 5 mm BBO BE-1H
o - PULPROG zgdec30
= ™D 32768
H SOLVENT MeOD
: NS 1100
H,N OH :
N SWH 25062.656 Hz
FIDRES 0.764852 Hz
H AQ 0.6537915 sec
O RG 5792.6
—I—Z DW 19.850 usec
DE 7.00 usec
TE 296.9 K
D1 2.00000000 sec
Z dil 0.03000000 sec
- /O TDO 1
======== CHANNEL f] ========
.-IZ\ NUC1 13C
Pl 8.60 usec
PL1 1.00 dB
ZO SFO1 125.7703648 Miz
2 ======== CHANNEL {2 ========
CPDPRG2 waltzlé
NuC2 1H
FCPD2 100.00 usec
PL2 1.00 dB
PL12 17.50 dB
SFO2 500.1322150 MHz
s 32768
SF 125.7577890 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BC 1.40
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Compound 3: 1H-NMR

Co<)

1 (o<
INZ ~ OH NAME D-Lys-NBD-D-Ala-OH
Z EXPNO 1
I\/—.—\ PROCNO 1
0 Date_ 20151229
Time 9.31
INSTRUM spect P1O_
PROBHD 5 mm BEO BB-1H S
PULPROG zg30
D 32768
SOLVENT MeOD
NH o
o
6009.615 Hz
0.183399 Hz
2.7264309 sec
O,;N N N 362
|\ 83.200 usec
- 7.00 usec
2 O 298.2 K
1.00000000 sec
1
======== CHANNEL f1 ========
NUC1 1H
Pl 14.00 usec
BL1 1.00 dB
5FO1 500.1327510 MHz
ST 65536
SF 500.1300087 MHz
WDW EM
SSB 0
LB 0.10 Hz
GB 0
PC 1.00

1 %
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13C-NMR

Compound 3

<D

NAME D-Lys-NBD-D-ALa—0l
EXFNO 3
PROCNO 1
Date 20151231
Time 7.42
INSTRUM spact
PROBHD 5 mm BEO BBE-1
PULPROG zgde30
0 o 32768
SOLVENT MeOD
HaN. _.._\/_.ﬂﬁ_I NS 15000
H ns 0
o SwH 25062. 656 Hz
FIDRES 0.764852 Hz
AQ 0.6537915 sec
RG 1096
NH bW 19,950 usec
DE 7.00 usec
TE 296.4 K
OzN 1N iish 2.00000000 sec
N—g di1 003000000 sec
TR 1
........ CHANNEL f1 ========
NOICT 13c
Pl B.60 usec
PL1 1.00 dB
SFO1 1257703648 MHz
======== CHANNEL {2 ======—==
CPDPRGZ waltz16
N2 1H
PCEDZ 100.00 usec
PLZ 1.00 dB
PL12 17.50 dB
SFO2 500.1322150 MHz
S1 32768
SF 1257577890 MHz
WDW EM
S55B 0
LB 1.00 He
GB (1]
PC 1.40
T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

S17



1H-NMR

Compound 4

<)

1.03

-

2.18

Zr?_nh\.%u:ﬁ:n
EXPNO 4
PROCNO 1
Date 20140526
Time 18.36
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULFROG zg30

™ 32768
SOLVENT MeOD

NS 32

Ds 0
SWH 6009.615 Hz
FIDRES 0.183399 Hz
AQ 2.7264309 sec
RG 362

DW 83.200

DE T.00

TE 295.1

D1 1.00000000

TDO 1
|||||||| CHANNEL f1 ========
NUC1 1H

Pl 14.00 usec
PL1 1.00 dB
5FO01 500.1327510 MHz
51 65536

SF 500.1300087 MHz
WhW EM
S5B 0

LB 0.10 Hz
GB 1]

PC 1.00

T
0 ppm
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13C-NMR

(<O

Compound 4

NAME Cysteine-Alanine
EXPNO 7
PROCNO 1
Date_ 20140526
Time 19.54
INSTRUM spect
PROBHD 5 mm BBO BB-1H
PULPROG zgde30
TD 32768
S0LVENT MeOD
Q NS 1024
Ds 0
SWH 25062.656 Hz
INZ N OH FIDRES 0.764852 Hz
AQ 0.6537915 sec
H RG
@] DW
HS DE us
TE 296.1 K
D1 2.00000000 sec
di1 0.03000000 sec
TDO 1
======== CHANNEL f1 ========
NUC1 13C
Pl 8.60 usec
PL1 1.00 dB
S5F01 125.7703648 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 1.00 dB
PL12 17.50 dB
SF02 500.1322150 MHz
SI 32768
SF 125.7577890 MHz
WDW EM
SSE 0
LE 1.00 Hz
GE o
PC 1.40
| T T T T T | T |
180 160 140 120 100 80 60 40 20  ppm
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