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Materials and Methods

Synthesis of Argio-teixobactin

Resin loading.* 2-Chlorotrityl chloride resin (300 mg, 1.2 mmol/g) was added to a 10-mL
Bio-Rad Poly-Prep chromatography column. The resin was suspended in dry CH,Cl, (10 mL)
and allowed to swell for 30 min. The resin was loaded with a solution of Fmoc-Arg(Pbf)-OH
(117 mg, 0.18 mmol, 0.50 equiv) and 2,4,6-collidine (300 L) in dry CH.CI, (5 mL). The
suspension was agitated for 12 h. The solution was drained, and the resin was washed with dry
CH,Cl; (3x). A mixture of CH,Cl,/MeOH/DIPEA (17:2:1, 8 mL) was added to the resin and
agitated for 1 h to cap any unreacted resin sites. The solution was drained, and the resin was
washed with dry CHCl; (3x). The resin loading was determined to be 0.09 mmol [0.29 mmol/g,
48% loading] through UV analysis of the Fmoc cleavage product.

Peptide coupling. The loaded resin was suspended in dry DMF and transferred to a solid-
phase peptide synthesis reaction vessel for automated peptide coupling with Fmoc-protected
amino acid building blocks. The linear peptide was synthesized through the following cycles: i.
Fmoc deprotection with 20% (v/v) piperidine in dry DMF (3 mL) for 10 min, ii. resin washing
with dry DMF (3x), iii. coupling of amino acid (0.36 mmol, 4 equiv) with HCTU (142 mg, 0.36
mmol, 4 equiv) in 20% (v/v) 2,4,6-collidine in dry DMF (3 mL) for 20 min, and iv. resin
washing with dry DMF (6x). For D-to-L and L-to-D amino acid couplings, the reaction time in
step iii was increased to 1 h. After completing the linear synthesis, the resin was transferred to a
10-mL Bio-Rad Poly-Prep chromatography column. The resin was then washed with dry DMF
(3x) and dry CH,Cl; (3x).

Esterification. In a test tube, Fmoc-lle-OH (303 mg, 0.90 mmol, 10 equiv) and

diisopropylcarbodiimide (140 pL, 0.90 mmol, 10 equiv) were dissolved in dry CH.CI, (5 mL).
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The resulting solution was filtered through 0.20-um nylon filter, and then 4-
dimethylaminopyridine (11 mg, 0.09 mmol, 1 equiv) was added to the filtrate. The resulting
solution was transferred to the resin and was gently agitated for 1 h. The solution was drained
and the resin was washed with dry CHCl, (3x) and DMF (3x).

Fmoc deprotection and cleavage of the linear peptide from the resin. The Fmoc
protecting group on lle;; was removed by adding 20% piperidine in dry DMF (5 mL) for 30 min.
The solution was drained, and the resin was washed with dry DMF (3x) and then with dry
CH.CI; (3x). To cleave the peptide, the resin was treated with 20% hexafluoroisopropanol in dry
CH.CI, (6 mL) followed by gentle agitation for 1 h. The filtrate was collected in a round-
bottomed flask. The resin was washed with a second aliquot of 20% hexafluoroisopropanol (6
mL) and then washed with dry CHClI; (3x). The filtrates were combined and concentrated under
reduced pressure to afford a clear oil. The oil was placed under vacuum (< 10 mTorr) to remove
any residual solvents.

Cyclization. The oil was dissolved in a mixture of CH3;CN/THF/CH,Cl, (6:2:2, 10 mL).
HBTU (195 mg, 0.54 mmol, 6 equiv) and HOBt (70 mg, 0.54 mmol, 6 equiv) were added to
solution. The reaction mixture was stirred under nitrogen for 30 min. DIPEA (94 uL, 0.54 mmol,
6 equiv) was slowly added to the solution and the reaction mixture was stirred for 2 h. The
mixture was concentrated under reduced pressure to afford the cyclized peptide as a white solid.
The solid was placed under vacuum (< 10 mTorr) to remove any residual solvents.

Global deprotection and purification of Argio-teixobactin. The crude protected peptide
was dissolved in a mixture of trifluoroacetic acid (TFA)/triisopropylsilane/H,O (90:5:5, 10 mL)
and stirred under nitrogen for 1 h. The resulting solution was then concentrated under reduced

pressure to afford the deprotected peptide as a clear yellow oil. The oil was dissolved in 20%
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(v/v) CH3CN in water (5 mL) and centrifuged at 14,000 rpm for 5 min, and the solution was
filtered through 0.20-um nylon filter. The peptide was purified by reverse-phase HPLC with
H,O/CH3CN (gradient elution of 20-95% CH3;CN w/ 0.1% TFA). Pure fractions analyzed by
analytical HPLC and electrospray ionization (ESI) mass spectrometry were combined and
lyophilized. Argio-teixobactin was isolated as the trifluoroacetic acid (TFA) salt of a 14.2 mg
white powder (10.7 % yield as the TFA salt, based on resin loading).

Esterification with DIC and DMAP is known to epimerize amino acids. *H NMR analysis
of the unpurified Argio-teixobactin, and comparison to an authentic sample of D-allo-lle;;,Argio-
teixobactin, showed a 2:1 ratio of Argie-teixobactin and the epimeric D-allo-llei;,Argio-
teixobactin. HPLC purification of the crude product afforded Argio-teixobactin in approximately

95% diastereomeric purity.
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Figure S1. 600 MHz *H NMR spectra in DMSO-ds of Argao-teixobactin, D-allo-1le11,Argso-
teixobactin, and unpurified Argig-teixobactin, illustrating epimeric impurity in Argio-teixobactin.
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The other teixobactin homologues were prepared using similar procedures; seco-Argio-
teixobactin was prepared as a linear peptide by conventional Fmoc-based solid-phase peptide
synthesis on 2-chlorotrityl resin. All teixobactin homologues were estimated to be at least 90%
purity based on RP-HPLC and *H NMR analysis.

Table S1. Yield of purified teixobactin homologues

homologue yield (mg) % vyield calcd. MW as TFA salt
Argjo-teixobactin 14.2 mg 10.7% 1472.54 (-2 TFA)
Lysio-teixobactin 14.2 mg 10.9% 144453 (-2 TFA)
L-Thrg,Argio-teixobactin 4.7 mg 3.6% 1472.54 (-2 TFA)
D-allo-1le;1,Argio-teixobactin 13.2 mg 10.0% 1472.54 (-2 TFA)
seco-Argio-teixobactin 13.2mg 9.8% 1490.56 (-2 TFA)
ent-Argso-teixobactin 7.8mg 5.9% 1472.54 (-2 TFA)
short-Argio-teixobactin 9.7mg 12.4% 869.81 (-2 TFA)
lipobactin 1 12.1 mg 14.1% 956.10 (-1 TFA)

NMR sample preparation and data processing

1D and 2D experiments of Argio-teixobactin and other homologues were performed at 2
mM concentration in DMSO-ds at 298K at 600 MHz. Samples were prepared gravimetrically,
based on the molecular weight of the corresponding trifluoracetate (TFA) salt. Spectra were
referenced to residual DMSO-ds. The data were collected with the TopSpin software and
processed with the XwinNMR software.
Minimum inhibitory concentration (MIC) assay

MIC assays of Argio-teixobactin and other homologues were determined by using a broth
microdilution method according to CLSI.> Escherichia coli (ATCC 10798), Enterococcus
durans (ATCC 6056), Streptococcus salivarius (ATCC 13419), Staphylococcus epidermidis
(ATCC 14990), Bacillus subtilis (ATCC 6051) were acquired as freeze-dried powders from

ATCC.
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Preparation of bacterial plate stocks. A portion of freeze-dried bacteria powder was
removed with a sterile loop and suspended in 5 mL of Mueller-Hinton broth in a 14-mL
polypropylene round-bottom culture tube. The mixture was incubated at 37 °C while shaking
overnight. The mixture was streaked on Mueller-Hinton agar plates, and the plates were
incubated at 37 °C overnight to allow colonies to grow. The plates were wrapped with Parafilm
and stored for subsequent experiments.

Determination of bacterial concentration (CFU/mL). Five colonies from the bacterial
plate stocks were transferred to a single 14-mL polypropylene round-bottom tube containing
Mueller-Hinton broth (2 mL) and the mixture was incubated at 37 °C while shaking. As the
turbidity of the cell suspension mixture visually increased, a 200-pL aliquot was transferred to a
96-well plate for ODgpp measurement. The cell suspension mixture was diluted with Mueller-
Hinton broth to an ODgoo of 0.075 as measured for a 200-puL sample in a 96-well plate
(equivalent to a 0.5 McFarland standard). A 10-uL aliquot of the diluted cell suspension was
diluted 1:1000 with Mueller-Hinton broth. A 10-pL aliquot of the 1:1000 diluted cell suspension
mixture was further diluted 1:200 with Mueller-Hinton broth. A 100-uL aliquot of the resulting
mixture was then streaked on a Mueller-Hinton agar plate (repeated four times). The agar plates
were incubated at 37 °C overnight. The number of colonies on each agar plate was counted, and
the average of four plates was used to back calculate the bacterial concentration (CFU/mL) at an
ODgoo of 0.075 as measured for a 200-pL sample in a 96-well plate (equivalent to a 0.5

McFarland standard).
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Table S2. Bacterial concentration determination

Bacteria Average number of Concentration at a
colonies per plate 0.5 McFarland standard®

Staphylococcus epidermidis 5 1 x 10" CFU/mL
ATCC 14990

Streptococcus salivarius 25 5x 10" CFU/mL
ATCC 13419

Enterococcus durans 32 6 x 10" CFU/mL
ATCC 6056

Bacillus subtilis 25 5x 10" CFU/mL
ATCC 6051

Escherichia coli 24 5x 10" CFU/mL
ATCC 10798

& ODggo 0f 0.075 as measured for a 200-pL sample in a 96-well plate

Preparing the peptide homologue stock. Solutions of vancomycin, Argie-teixobactin, and
other teixobactin homologues were prepared gravimetrically by dissolving an appropriate
amount of peptide in an appropriate volume of sterile DMSO to make 20 mg/mL stock solutions.
The stock solutions were stored at -20 °C for subsequent experiments.

Preparing the minimum inhibitory concentration (MIC) assays. An aliquot of the 20
mg/mL peptide homologue stock solutions diluted 1:100 with Mueller-Hinton broth to make a
200 pg/mL. The resulting solution was further diluted to 64 pg/mL with Mueller-Hinton broth. A
200-pL aliquot of the 64 pg/mL solution was transferred to a 96-well plate. Two-fold serial
dilutions were made with Mueller-Hinton broth across a 96-well plate to achieve a final volume
of 100 pL in each well. These solutions had the following concentrations: 64, 32, 16, 8, 4, 2, 1,
0.5, 0.25, 0.125, and 0.0625 pg/mL.

Performing the minimum inhibitory concentration (MIC) assays. Five colonies from the
bacterial plate stocks were selected and transferred to a single 14-mL polypropylene round-
bottom tube that contained Mueller-Hinton broth (2 mL) and the mixture was incubated at 37 °C
while shaking. As the turbidity of the cell suspension mixture visually increased, the mixture was

diluted with Mueller-Hinton broth to ODgo 0f 0.075 as measured in a 96-well plate (equivalent
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to a 0.5 McFarland standard). Based on the previously determined CFU/mL (above), the diluted
mixture was further diluted to 1 x 10° CFU/mL with Mueller-Hinton broth. A 100-pL aliquot of
the 1 x 10° CFU/mL bacterial solution was added to each well in 96-well plates, resulting final
bacteria concentration of 5 x 10° CFU/mL in each well. As 100 pL of bacteria were added to
each well, peptide homologue solution was also diluted down to the following concentrations: 32,
16, 8,4, 2,1, 0.5, 0.25, 0.125, 0.0625, and 0.03125 pg/mL. The plate was covered with a lid and
incubated at 37 °C for 16 h. The ODgy was measured using a 96-well UV/Vis plate reader
(MultiSkan GO, Thermo Scientific). The MIC values were taken as the lowest concentration that
had no bacteria growth. Each MIC assay was run in duplicate in three independent runs to ensure

reproducibility.
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Table S3. NMR data of Argo-teixobactin and other homologues
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HPLC, MS, 1D and 2D NMR spectrum of Arg,o-teixobactin and other homologues

Argo-teixobactin : Mass spectrum and Analytical RP-HPLC
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Argao-teixobactin : *H NMR spectrum in DMSO-d6 (600 MHz)

1D 'H spectrum of Arg;-teixobactin
2 mM DMSO-d6, 600 MHz, 298 K
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TOCSY spectrum in DMSO-d6 (600 MHz)

Argo-teixobactin
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NOESY spectrum in DMSO-d6 (500 MHz)

Argo-teixobactin

WOz 0BIZB 007 WOZHI
wo/Ldd 91070 WOWd 13 ¢ 9 / m 6 wad
E,O,,\NI quofmmﬁ EQNIN& Y I B | 7 Y Y Y B 7 Y I B | 7 N N Iy B Y N I I L1
5%3%%%5%

2H657)- HI3 '
wdd 6200~ Hd!4 wad -
24 281008 0113 B
wdd 0009 01d14 B
2H 830002 Hz3 4
wdd 000’y Hdz3 i ,
2 S /861 0les i
wdd 1766 01d23 ] @
wo 00's} 10
wo 00'G! 20 7
wgmHmEEmn HOE HAN Q2 1
0 89 @
000 il 0
2 858 1%
3INISH MM @
HA 910022005 3S
lddL 20N
201 [ /
slojalueled BUISSBI0NG - |4 @ Gz o
o e
007 4 N & @
0 89
000 g1 o
2 58
INISD MM o
HA 910022005 4S 6
720! s 99
slajoueled @Emwmoo& -
pauyspun  300WU4 @ : -~ = i = [ == - T
wdd 966 S
2HG2999/6 S 0 ,
2HIN 5222005 1048
218 al
2 00N B
slaauweled UONSINDOY - |4 -
2881 00000} 91 J
% 0007~ 229 [ . .
% 0007 1749 1 9°F oo
%000 2AdD
%000 1Ad9 ]
%000 9 7
%000 1%d9 B q 0 o
00laus  ZNYNdD 2
00laus  IWNYNdD J
===== TINNVHO IN3IOVHD ====== i o
15
ZHA 1105222005 1048 ] .
8009’1 14 .
9881 00’} A 109 0
88N 06/ Id 1 ] o
HI 10NN B o °
======== |} JINNVH) ======== 4
4 ® & &
995 000010000 ONI _
038 10008600 02P I
285000020000 910 - . .
238 100000610 80 1° 9 8 o o i
285 000000002 1 B
288 002000000 0a 4 o . .
0862 ENl E
2381 (09 30 i
2951 00000} Ma i
6 9 ]
938 00587020 oY
H90plvre  SMAd 7
240000005 HMS - = =

9l Sa

8 SN

10sna IN3AT0S
870¢ al
didbfseou  HOHJINd
-HI 101dJ WW G QHBOYd
0050A NNGLSNI
B

b ONOOHd
_ & 0NdX3
ZHINO0S0qWI0d 8 Aund™0yg ICAPH - INWN
BueAly 43sn
SIajallieled Beq JUalng

owr urxrw updo[-urds sw (G|

M 86T ZHIN 005 ‘9P-OSINA INW T
uroeqoxIN-013ry Jo wnnoads XSHON AT

S18



Lysjo-teixobactin : Mass spectrum and Analytical RP-HPLC
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Lys;o-teixobactin : *H NMR spectrum in DMSO-d6 (600 MHz)

1D 'H spectrum of Lys;,-teixobactin
2 mM DMSO-d6, 600 MHz, 298 K
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TOCSY spectrum in DMSO-d6 (600 MHz)

Lysio-teixobactin
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COSY spectrum in DMSO-d6 (600 MHz)
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L-Thrg-Argie-teixobactin : Mass spectrum and Analytical RP-HPLC
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L-Thrs-Argio-teixobactin : *H NMR spectrum in DMSO-d6 (600 MHz)
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TOCSY spectrum in DMSO-d6 (600 MHz)
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D-allo-lle;;-Argio-teixobactin : Mass spectrum and Analytical RP-HPLC
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D-allo-1leys-Argio-teixobactin : *H NMR spectrum in

1D 'H spectrum of D-allo-Ile,;,Argo-teixobactin

2 mM DMSO-d6, 600 MHz, 298 K
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TOCSY spectrum in DMSO-d6 (600 MHz)

D-allo-1le11-Argse-teixobactin
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seco-Argio-teixobactin : Mass spectrum and Analytical RP-HPLC
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seco-Argo-teixobactin : *H NMR spectrum in DMSO-d6 (600 MHz)

1D 'H spectrum of seco-Arg;-teixobactin

2 mM DMSO-d6, 600 MHz, 298 K
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TOCSY spectrum in DMSO-d6 (600 MHz)
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ent-Argao-teixobactin : Mass spectrum and Analytical RP-HPLC
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ent-Argao-teixobactin : *H NMR spectrum in DMSO-d6 (600 MHz)

'H spectrum of ent-Arg; -teixobactin
2 mM DMSO-ds , 600 MHz, 298 K
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S34

TOCSY spectrum in DMSO-d6 (600 MHz)

ent-Argio-teixobactin
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short-Argio-teixobactin : Mass spectrum and Analytical RP-HPLC
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short-Argao-teixobactin : *H NMR spectrum in DMSO-d6 (600 MHz)

1D 'H spectrum of short -Arg,-teixobactin

2 mM DMSO-d6, 600 MHz, 298 K
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TOCSY spectrum in DMSO-d6 (600 MHz)

short-Argio-teixobactin
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lipobactin 1 :

Mass spectrum and Analytical RP-HPLC
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lipobactin 1 : *H NMR spectrum in DMSO-d6 (600 MHz)

1D 'H spectrum of lipobactin 1
2 mM DMSO-d6, 600 MHz, 298 K
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TOCSY spectrum in DMSO-d6 (600 MHz)

lipobactin 1
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COSY spectrum in DMSO-d6 (600 MHz)

lipobactin 1
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