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Materials and Methods:

Peptides 1-5 were prepared and studied as the trifluoroacetate (TFA) salts.
Synthesis of macrocyclic $-sheet peptides 1-4.

Macrocyclic peptide 1 was synthesized as described previously, by automated solid-
phase peptide synthesis of the corresponding linear peptide on chlorotrityl resin, followed by
solution-phase cyclization, deprotection, and purification. Macrocyclic peptides 2a-2c, 3, and 4
were synthesized in a similar fashion, using procedures previously reported for the synthesis of 1
and of other macrocyclic f-sheet peptides.** Boc-Orn(Fmoc)-OH was used to introduce the 8-
linked ornithine turn units. Fmoc-Hao-OH? was used to introduce the unnatural amino acid Hao.*
Standard Fmoc-protected amino acids were used to introduce the other residues: Fmoc-Ala-OH,
Fmoc-Asp(OtBu)-OH, Fmoc-GIn(Trt)-OH, Fmoc-Glu(OtBu)-OH, Fmoc-Leu-OH, Fmoc-
Lys(Boc)-OH, Fmoc-Phe-OH, Fmoc-N(Me)-Phe-OH, Fmoc-Ser(OtBu)-OH, Fmoc-Thr(OtBu)-
OH, Fmoc-Tyr(OtBu)-OH, Fmoc-Val-OH. In the synthesis of macrocyclic peptide 4, Fmoc-
N(Me)-Phe-OH was introduced using normal coupling times and conditions (20 min coupling
with HCTU) and the subsequent amino acid, Fmoc-Phe-OH, was introduced by double coupling
with HOAT (4 equiv.), HATU (4 equiv.), and 1 hour coupling times using automated solid phase
peptide synthesis.

Synthesis of linear peptide 5.

A 10 mL Bio-Rad Poly-Prep chromatography column was charged with Rink amide resin
(300 mg, 0.73 mmol/g loading, 0.22 mmol) and ca. 6 mL of CH,Cl,. After 30 min, the solvent
was drained and the resin was washed with ca. 3 mL of DMF. The resin was then submitted to
cycles of standard Fmoc-based solid phase peptide synthesis on a PS3 automated peptide

synthesizer (Protein Technologies, Inc.) using Fmoc-protected amino acid building blocks (4
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equiv, with HCTU as coupling agent and 2,4,6-collidine as base). The final step of the synthesis
of the protected peptide involved acetylating the amino-terminus by treating the resin with 2 mL
of acetic anhydride on the PS3 synthesizer using 2,4,6-collidine as base. The resin was stirred
with 10 mL of trifluoroacetic acid/triisopropylsilane/water (38:1:1 v/v) for 4 hours under
nitrogen. The solution was concentrated under vacuum. The residue was dissolved in ca. 5 mL of
water/acetonitrile (1:1), and centrifuged for 5 min at 14,000 rpm. The liquid portion was
decanted from the supernatant, then filtered through a 0.45 micron filter, and purified by RP-
HPLC on a C18 column (elution with acetonitrile and water containing 0.1% TFA, linear
gradient from 20-35% acetonitrile over 38 min). The pure fractions were lyophilized to yield 3.1
mg of acyclic control peptide 5 (1% yield based on resin loading): ESI-MS m/z for

CesH102N16017 [M + 2H]?* calcd 683.37, found 683.34.

NMR sample preparation, data collection, and data processing of peptides 1-5.

'H NMR experiments of macrocyclic -sheet peptides 1-5 were performed in DO at 500
MHz and 600 MHz at varying temperatures. Solutions of the peptides were prepared
gravimetrically by dissolving an appropriate weight of each peptide in an appropriate volume of
solvent. In calculating molecular weights, all amino groups were assumed to be protonated as the
TFA salts. The HOD peak was used as a reference after the HOD peak was calibrated based on
temperature.® All macrocyclic f-sheet peptides were allowed to stand for 6 hours to 36 hours to
allow full hydrogen-deuterium exchange of the amide and ammonium hydrogens. 2D TOCSY,
2D COSY, 2D ROESY and 2D NOESY spectra were collected with 2048 data points in the f,
domain and 512 data points in the f; domain. 2D TOCSY, 2D COSY and 2D ROESY data were

processed to a 1024 x 1024 real matrix with a Qsine weighting function and with forward linear
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prediction in the f; domain. 2D NOESY data were processed to a 1024 x 1024 real matrix with a
Qsinc weighting function, a forward linear prediction in the f; domain, and with the parameter
GB set at 0.05 in the f, and f; domain. The data were processed with the Bruker XwinNMR
software.

In order to observe amide resonances for further resonance assignments, *H NMR studies
of macrocyclic B-sheet peptide 2a were also performed in a H,O/D,0 mixture (9:1) at 800 MHz
and 298 K using WATERGATE. 2D TOCSY and 2D NOESY data for 2a in the H,O/D,0
mixture (9:1) were collected with 4096 data points in the f, domain and 512 data points in the f;
domain. The collected data were processed with zero filling to a final matrix of 4096 x 1024 real
points with a Qsine weighting function and with a forward linear prediction in the f; domain. The

data were processed with the Bruker XwinNMR software.

Modeling of the solution-state tetramer of macrocyclic g-sheet peptide 2a.

We used the X-ray crystallographic structure of the tetramer of macrocyclic $-sheet 1 to
create a model of the solution-state tetramer of macrocyclic 3-sheet 2a. We generated the initial
coordinates for the model in PyMOL by (1) changing the p-bromophenylalanine of 1 to tyrosine,
(2) shifting the crystallographic dimers out of alignment by two residues toward the C-termini,
and (3) moving the dimers so that they packed through the LFA faces, instead of the VF faces.
The rotamer of F with x;1=180° was then selected to avoid inter-chain steric clashes, and the
shifted dimer layers were oriented to approximately match the observed interlayer NOEs
between the methoxy group of Hao, and the methyl group of threonine.

The resulting initial structure was then imported into Maestro and a minimum-energy

structure was generated by applying distance constraints to match observed NOEs as follows:

S7



Using MacroModel with the Maestro user interface, NOE constraints to match the observed
intra- and intermolecular NOEs illustrated in Figures 3, 4, 6, and 7 were applied. Distance
constraints of 2.2 to 2.8 A were applied for the following intramolecular NOES: Kiso—Ya, Foo—
Ka, Vigo—Hao;Hs, and Exa—Hao,Hg (16 constraints total within the tetramer). Distance
constraints of 2.2 to 3.6 A were applied for the following intermolecular intralayer NOES: Li70—
Dasar and Figa—Azia (8 constraints total within the tetramer). Distance constraints of 2.2 to 5.0 A
were applied for the following intermolecular interlayer NOEs: Hao,OMe-ThrCHs;, Hao;H4—
Hao,H,, Hao;H4—Hao,H3; and Hao;Hs—Hao,-H,4 (16 constraints total between the layers of the
tetramer). The structure was minimized with these constraints using the MMFFs force field with
GB/SA water solvation. The NOE constraints were removed, and minimization was repeated
using the MMFFs force field with GB/SA water solvation to generate a minimum-energy
structure (local minimum).

This minimum-energy was then imported into PyMOL, and PyMOL was used to generate
the images in Figures 10, 11B, and 12B.° A B-strand of nine glycine residues (G9) was used to
generate a cartoon of the template strand Hao-K-Hao-Y-T. Specifically, the pdb coordinates
from each unnatural amino acid Hao were used to generate tri-glycine segments, and the pdb
coordinates of the threonine, tyrosine, and lysine residues were also used to generate three

glycine residues of the G9 -strand.

Diffusion-ordered spectroscopy (DOSY) experiments of macrocyclic S-sheet peptides 1-4.
The diffusion coefficients of macrocyclic 3-sheet peptides 1-4 were determined by
DOSY experiments on a Bruker Avance 600 MHz spectrometer in D,O at 298 K. The

experiments comprised a series of 16 pulsed field gradient spin-echo experiments in which the
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gradient strength was incremented to allow ca. 5-95% signal attenuation with a linear ramp. A
75-ms diffusion delay was used. Diffusion gradient lengths of 1.75 — 3.0 ms were selected to
achieve appropriate attenuation of each macrocyclic 3-sheet peptide. Data were processed to
give a pseudo-2D spectrum. The residual HOD peak in D,O was set as a reference (19.0 x 10°

m?/s at 298 K).’

Analytical ultracentrifugation studies of macrocyclic g-sheet peptide 2b.

Analytical ultracentrifugation (AUC) sedimentation velocity (SV) studies were
performed on macrocyclic f-sheet 2b to further elucidate its self-association behavior. Solutions
of 2b were prepared gravimetrically as 0.10, 0.30, and 0.60 mM and determined
spectrophotometrically to be 98.7, 304.0, and 657.6 uM based on a molar extinction coefficient
of 2897 M'cm™'"at 344 nm and a molar extinction coefficient of 22,260 M'cm™ at 280 nm,*®
Sedimentation experiments were performed with a Beckman Optima XL-I at the Center for
Analytical Ultracentrifugation of Macromolecular Assemblies at the University of Texas Health
Science Center at San Antonio. All measurements were made in intensity mode, measuring at
344 nm in 25 mM aqueous NaCl. The experimental data were collected at 20°C, and at 60,000
rpm, using 1.2 cm titanium 2-channel centerpieces for the 98.7 uM and 304.0 uM samples, and a
3 mm titanium 2-channel centerpiece for the 657.6 uM sample. Hydrodynamic corrections for
buffer density, viscosity and partial specific volume (0.7179 ml/g for 2b)® were made according
to methods outlined in Laue et al.” and as implemented in UltraScan.'’

The experimental data from SV experiments were analyzed with UltraScan v. 9.9 '

* The extinction coefficient of 2b was calculated to be 22,260 M em™ from the extinction
coefficient of Hao (9850 M'em™) and Tyr (1280 M'cm™) at 280 nm.

® The partial specific volume of the Hao subunit was determined to be 0.65 cm®/g as described
previously.® The molar mass of the Hao subunit is 235.12 g.
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and modeled with solutions of the Lamm equation.'*'"> Optimization was performed by 2-
dimensional spectrum analysis (2DSA)'* with simultaneous removal of time- and radially-
invariant noise contributions.'” 2DSA solutions are subjected to parsimonious regularization by
genetic algorithm analysis,'® and are further refined using Monte Carlo analysis to determine
confidence limits for the determined parameters.'” The calculations are computationally
intensive and are carried out on high-performance computing platforms.'® All calculations were
performed on the Lonestar and Ranger clusters at the Texas Advanced Computing Center at the
University of Texas at Austin, and on the Jacinto cluster at the Bioinformatics Core Facility at
the University of Texas Health Science Center at San Antonio.

A comparison of sedimentation profiles measured at 344 nm from multiple loading
concentrations (98.7 uM, 304.0 uM, and 657.6 uM) indicated a mass-action driven shift in the
sedimentation profile, suggesting the presence of a reversible reaction (Figure S8). Genetic
algorithm — Monte Carlo fitting of the individual concentrations suggested the presence of
monomer and tetramer species at different ratios, depending on concentration. From these ratios,
we estimated Kassoc = 1.93 x 10™,5.66 x 10", and 8.89 x 10" M for the respective
experiments.® Detailed hydrodynamic fitting results for these fits are shown in Table S4. Based
on these results, we fitted the lowest concentration — which displayed the largest signal for the
monomer — to a reversible self-associating model for a monomer-tetramer equilibrium using a

200-iteration genetic algorithm-Monte Carlo analysis.'>"”

This treatment resulted in a very good
fit to the monomer-tetramer model — with random residuals (Figure S9) — and gave Kassoc =

1.93 x 10" M.

¢ A Kassoc 0f 1.93 x 101 M corresponds to a 1:1 molar ratio of monomer and tetramer at 0.086
mM total concentration of 2b and a 4:1 molar ratio of monomer and tetramer at 0.022 mM total
concentration of 2b.
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Figure Sla. Key NOEs associated with folding and dimerization of macrocyclic 3-sheet peptide
2a. Interstrand main chain-main chain NOEs were observed for 2a in the NOESY 800 MHz
spectrum with WATERGATE (8.0 mM in H,0-D,0 (9:1) and 298 K).
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Figure S1b. Key NOEs associated with folding and dimerization of macrocyclic 3-sheet peptide
2a. Interstrand main chain-main chain NOEs were observed for 2a in the NOESY 800 MHz
spectrum with WATERGATE (8.0 mM in H,0-D,0 (9:1) and 298 K). Dashed lines represent

weak or ambiguous NOEs.
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Figure S2a. Cartoon and chemical structure illustrating the hydrogen-bonded dimer formed by
macrocyclic sheet p-peptide 1 in solution. Key NOEs associated with solution-state dimerization
and folding of 1 are shown with red and blue arrows.
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Figure S2b. Selected expansions of the NOESY spectrum of macrocyclic -sheet peptide 1 at
2.0 mM in D,0 at 500 MHz and 298 K. Key intermolecular interstrand NOEs associated with
dimerization are highlighted in red; key intramolecular interstrand NOEs associated with folding
are highlighted in blue.
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Figure S3. *H NMR spectra of macrocyclic f-sheet peptide 2a at various concentrations in D20
at 500 MHz and 298 K. Noteworthy characteristic resonances of the monomer and the oligomer
are labeled and highlighted with dashed lines.
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Figure S4. Selected expansions of the NOESY spectrum of macrocyclic 3-sheet peptide 2a at
8.0 mM in D,0 at 500 MHz and 300.5 K. Key interlayer NOEs associated with tetramerization

are highlighted in green.

Table S1. Key NOEs associated with interlayer contacts in tetramer formation of 2a.®

Hao,H3 Hao,H,4 Hao,Hs Hao,OMe
FioAr weak strong - -

L170 medium medium strong -

Ty weak - - medium
Hao;Hs weak medium - -
Hao;H4 strong strong - strong

Hao;OMe weak strong - -

®Interlayer contacts are observed in Figure 6 and Figure S4.
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Figure S5. Expansions of the "H NMR spectra of macrocyclic B-sheet peptide 2a at 0.3 mM in
D,0 at 500 MHz and 298 K with 0 mM and 25 mM NaCl. (DSA = 4,4-dimethyl-4-silapentane-
1-ammonium trifluoroacetate.)

Table S2. Percentage of monomer and tetramer of 2a at 0.3 mM with 0 and 25 mM NacCl
(based on the relative integrals for selected *H NMR resonances).

[NaCl] (mM) | L17CHs, V1sCH3 (as | L17CHs (pro-R), % Monomer | % Tetramer
monomer) A,1CHj5 (as oligomer)
0 0.90/H 1.13/H 44.2 55.8
25 0.26/H 1.20/H 18.1 81.9
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Figure S6. Expansions of the "H NMR spectra of macrocyclic p-sheet peptide 3 at 4.0 mM in
D,0 at 500 MHz and 298 K with 0 mM, 25 mM NacCl, and 150 mM NacCl.

Table S3. Percentage of monomer and tetramer of 3 at 4.0 mM with 0, 25, and 150 mM
NaCl (based on the relative integrals for selected ‘H NMR resonances).

[NaCl] (mM) | L17CHs, V1sCH3 (as | L17CHs (pro-R), % Monomer | % Tetramer
monomer) A,;CH3 (as oligomer)
0 1.19/H 1.00/H 54.3 45.7
25 0.43/H 1.00/H 29.9 70.1
150 0.25/H 1.00/H 19.7 80.3
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Figure S7. *H NMR spectra of macrocyclic f-sheet peptides at 2.0 mM at 298 K in DO at 500
MHz: 2a (tetramer predominates), 2b (tetramer predominates), 2c (monomer predominates), and
4 (monomer predominates). The spectrum of 4 shows multiple sets of resonances, which are
associated with amide-bond rotamers.
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Figure S8. *H NMR spectra of macrocyclic p-sheet peptide 2a at 8.0 mM at 300.5 K in D,O at
500 MHz (tetramer predominates), macrocyclic 3-sheet peptide 3 at 2.0 mM at 298 K in D,0 at
500 MHz (monomer predominates), and linear peptide 5 at 1.2 mM at 298 K in D,0 at 500 MHz
(monomer).

Table S4. *H NMR chemical shifts of the a-protons of the 2a tetramer, the 3 monomer, and
linear peptide 5.

Peptide 2a Peptide 3 Peptide 5 A (ppm) A (ppm)

Residue d (ppm) d (ppm) d (ppm) 2a-5 3-5
Qs 4.67 4.49 4.24 0.43 0.25
Kie 4.29 4.31 4.25 0.04 0.06
Li7 5.22 451 4.31 0.91 0.20
Vi 5.03 4.35 3.99 1.04 0.36
Fio 5.38 4.67 455 0.85° 0.14°
Fa0 4.88 4.57 4.51° 0.35° 0.04°
A 4.86 4.32 4.17 0.69 0.15
Ez 5.10 4.32 4.35 0.75 -0.03
Dys 5.45 4.59 4.59 0.86 0.00

#assignment of F19 and Foo of peptide 5 arbitrary. The average & for Fig and F of peptide 5 was
used in calculating Ad.
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Figure S9. Sedimentation coefficient distributions of macrocyclic 3-sheet peptide 2b for loading
concentrations at 98.7 uM (triangles), 304.0 uM (squares) and 657.6 uM (circles) obtained from
sedimentation velocity experiments performed at 344 nm. The increase in sedimentation

coefficient as a function of increase in loading concentration suggests the presence of a mass-
action driven self-association reaction.

S19



0.04
0.02

-0.02

A Absorbance
()
P I AN T A NI N

-0.04 | | \ \ ‘
62 63 64 65 66 6.7 68 6.9

04

o o
N w
| |

Absorbance at 344 nm
(o)
|

T \
6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9
Radius (in cm)

Figure S10. Sedimentation velocity data (black lines, lower plot) for macrocyclic 3-sheet peptide 2b
(98.7 uM) when fitted with a reversible model for a monomer-tetramer equilibrium'>'® using genetic
algorithm-Monte Carlo analysis (red lines). Residuals are random, and shown in the upper portion of
this plot. For clarity, only every fifth scan in this experiment is shown.
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Table S5. Hydrodynamic measurements for macrocyclic f-sheet peptide 2b.?

Monomer | Tetramer | Monomer | Tetramer | Monomer | Tetramer

(98.7 uM) | (98.7 uM) | (304.0 uM) | (304.0 pM) | (657.6 pM) | (657.6 pM)
Partial concentration (% of total OD) | 31.06% 68.94% 12.02% 87.98% 2.73% 97.27%
Molecular weight (Da) 2752.8 8946.4 3316.4 8947.7 2548.6 8507.2
Sedimentation Coefficient (x 10" s) 0.60 1.30 0.59 1.27 0.65 1.25
Diffusion Coefficient (x 10’ cm?/s) 18.75 12.50 15.22 14.33 21.94 15.60
Anisotropy (f/fo) 1.24 1.26 1.44 1.24 1.09 1.21
Kassoe (M) 1.93 x 10" 5.66 x 10" 8.89 x 10

#Hydrodynamic measurements for macrocyclic f-sheet 2b from a genetic algorithm-Monte Carlo
fit to a non-interacting model with 50 iterations, fitting each loading concentration individually.*?
Only two species were detected in each sample, corresponding in molecular weight to the
monomer and tetramer of 2b. The shift in partial concentration is consistent with a reversible
self-association model for a monomer-tetramer equilibrium. Kassoc IS estimated based on the
relative amounts of monomer and tetramer determined in the genetic algorithm-Monte Carlo
analysis, but due to the low amount of monomer in the two higher concentrations, the Kassoc

from the lowest concentration is considered to be the most reliable.

Table S6. Hydrodynamic measurements for macrocyclic $-sheet peptide 2b at 98.7 uM from a
genetic algorithm-Monte Carlo fit to a reversible monomer-tetramer model.*

Monomer
2137.0 (2116.5, 2157.6)
0.514 (0.511, 0.518)
21.27 (21.17, 21.36) 12.64 (12.54, 12.74)
1.18 (1.17, 1.19) 1.25 (1.24, 1.26)
1.93 (1.80, 2.05) x 10

Tetramer
8548.0 (8466.0, 8630.4)
1.223 (1.220, 1.225)

Molecular weight (Da)
Sedimentation Coefficient (x 10" s)
Diffusion Coefficient (x 10’ cm?/s)
Anisotropy (f/fo)

Kassoc (M?)

#Hydrodynamic measurements for macrocyclic f-sheet 2b from a genetic algorithm-Monte Carlo
fit to a reversible self-association model for a monomer-tetramer with 200 iterations.™ The Kassoc
observed in this fit matched well the K,ssoc Observed with the non-interacting fit. Values in
parenthesis reflect the 95% confidence intervals for each parameter.
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1D '"H NMR spectrum of macrocyclic g-sheet 1
2 mMin D,O, 500 MHz, 298 K
tetramer predominates, monomer denoted with asterisk (*)
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2D TOCSY spectrum of macrocyclic p-sheet 1 as tetramer
2 mMin D,O, 500 MHz, 298 K, 150-ms spin-locking mixing time
tetramer predominates, monomer denoted by asterisk (*)
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2D TOCSY spectrum of macrocyclic $-sheet 1 as tetramer
2 mMin D,O, 500 MHz, 298 K, 150-ms spin-locking mixing time
tetramer predominates, monomer denoted by asterisk (*)
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2D TOCSY spectrum of macrocyclic $-sheet 1 as tetramer
2mMin D,0O, 500 MHz, 298 K, 150-ms spin-locking mixing time
tetramer predominates
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2D NOESY spectrum of macrocyclic $-sheet 1 as tetramer
2 mMin D,O, 500 MHz, 298 K, 200-ms spin-locking mixing time
tetramer predominates, monomer denoted by asterisk (*)
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2D NOESY spectrum of macrocyclic -sheet 1 as tetramer
2 mMin D,O, 500 MHz, 298 K, 200-ms spin-locking mixing time
tetramer predominates, monomer denoted by asterisk (*)

#select NMR crosspeaks are labeled
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2D NOESY spectrum of macrocyclic p-sheet 1
2 mMin D,O, 500 MHz, 298 K, 200-ms spin-locking mixing time
tetramer predominates, monomer denoted by asterisk (*)

#select NMR crosspeaks are labeled
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2D DOSY spectrum of macrocyclic p-sheet 1
2 mMin D,O, 600 MHz, 298 K
tetramer predominates
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Calculation for 1 at 2.0 mM

DCyop = 19.0 x 107 m%/s?
log DCyyop = -8.721

For 1 tetramer, log DC (m %/s) =-9.99(7), DC = 10" m%s =10.1 x 10" m%s=10.1 x 107 cm%/s

 Longsworth, L. G. J. Phys. Chem. 1960, 64, 1914—1917.
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AT I L A TS

u *r e H-@ﬁ wﬁw%@ﬁ mes

macrocyclic f-sheet peptide 2a (as the TFA salt)

molecular weight calculated for C1g1H141N25059 * 4CF3CO,H (TFA salt of 2a): 2625.44
molecular weight calculated for C4g1H141N25049 (free base of 2a): 2169.35
exact mass calculated for C494H141N25059 (free base of 2a): 2168.03

Analytical RP-HPLC of macrocyclic -peptide 2a

mAU ]
500

8.744

400

300

200

100

-100

0 25 5 7.5 10 12.5 15 17.5 min

Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
R R | = | | == |
1 8.744 VV 0.2105 7939.88721 494.81061 100.0000

Totals : 7939.88721 494.81061
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Macrocyclic p-sheet peptide 2a

[M+3HJ**
TOF MS ES+
100 - 723.9719 4.54e3
723.6441 MS . .
(ESI) of macrocyclic -sheet peptide 2a calculated m/z for
1085.4596 [M+2H]?* : 1085.02
[M+3H]* : 723.67
[2M+3H]** : 1446.35
[M+2H]*
[724.3140
®1 1084.9623
1085.9569
724.6491
249.1523 [2M+3H]?*
731.3165 e 1446.9492
261.0989 :
514.1165 731.6531 1090.9725 1466.1333
(R V' | TS WNETUNSU T I NN S S — e s e e e T e L2
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
[M+3H]**
TOF MS ES+
100 - 723.9719 4.54e3
723.6441
724.3140
°\°-
724.6491
[M+Na+2H]**
[M+2Na+H]**
731.3165
724.9913 731.6531 736.6406
J h 731.9899
0 A Lot L VIV SU.V.V.VN- Dbl olotnn /7

721 722 723 724 725 726 727 728 729 730 731 732 733 734 735 736 737 738 739 740 741 742 743 744
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Macrocyclic p-sheet peptide 2a

TOF MS ES+
100 - 1085.4596 3.82e3
[M+2H]?* and
[2M-+4H]*
1084.9623
<. 1085.9569
4+
1086.4720 [2M+Na+3H]
1090.9725
0 T T T T T T T T ™ m/z
1085 1086 1087 1088 1089 1090 1091 1092 1003
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1D "H NMR spectrum of macrocyclic -sheet 2a
8 mMin D,0O, 500 MHz, 300.5 K

tetramer predominates
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2D TOCSY spectrum of macrocyclic $-sheet 2a
2 mMin D,0, 500 MHz, 300.5 K, 150-ms spin-locking mixing time
tetramer predominates, monomer denoted with an asterisk (*)
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2D TOCSY spectrum of macrocyclic f-sheet 2a
2 mMin D,0O, 500 MHz, 300.5 K, 150-ms spin-locking mixing time
tetramer predominates, monomer denoted with an asterisk (*)
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2D TOCSY spectrum of macrocyclic p-sheet 2a
2 mMin D,0O, 500 MHz, 300.5 K, 150-ms spin-locking mixing time
tetramer predominates, monomer denoted with an asterisk (*)
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2D NOESY spectrum of macrocyclic 3-sheet 2a
8 mM in D,O, 500 MHz, 300.5 K, 150-ms spin-locking mixing time
tetramer predominates
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2D NOESY spectrum of macrocyclic -sheet 2a
8 mMin D,0, 500 MHz, 300.5 K, 150-ms spin-locking mixing time
tetramer predominates
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2D NOESY spectrum of macrocyclic $-sheet 2a
8 mM in D,O, 500 MHz, 300.5 K, 150-ms spin-locking mixing time
tetramer predominates
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2D NOESY spectrum of macrocyclic -sheet 2a
8 mMin D,0, 500 MHz, 300.5 K, 150-ms spin-locking mixing time
tetramer predominates
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1D "H NMR spectrum of macrocyclic f-sheet 2a

with WATERGATE
8 mMin 9:1 H,0/D,0, 800 MHz, 298 K
tetramer predominates
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2D TOCSY spectrum of macrocyclic $-sheet 2a with WATERGATE

8 mMin 9:1 H,0/D,0, 800 MHz, 298 K
75-ms spin-locking mixing time
tetramer predominates
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2D TOCSY spectrum of macrocyclic $-sheet 2a with WATERGATE
8 mMin 9:1 H,0/D,0, 800 MHz, 298 K

7 H I k' H H H o] Q15 H F A21 H D23 H
5-ms spin-locking mixing time SWL oy J\WNQL J\W,UL AR,
. H 2
: : o] CH
tetramer predominates om, H 3 Yl d 2 =y 0 g om
Hao, Hao,
H C )krNT(\NJST \Cf‘L T(\NJST \Cf‘LH T]/\NHs
o} o}
1 3
o oM
0
Me
Hao L, NH A nH
E,NH |
22! HaoH, Hao H, ;‘:m:
i Hao,H
Orn,d5NH E, o
VNH FaoNH Hao,H,
Hao,N,H TNH K NH KigeNH,
Hao.N.H Hao N,H 2
v \Hao‘N‘H Hao,N,H HaoH \ /
YNH s
\ |
Orn,sNH V. / il B
i ° A0 al L
W -
¢ |0
; |
R
o N [
33 0 : o
) L
‘ L
S (7] o) = — n‘ — =1
" 6 -
0 b K B
X i @ Ve :
> 8 " -
g ot e e e e 0 0 oo 0o (:Wﬂ :
= e 1] @ ¥ -
5§65 @ [ 5} el “{ L
o 0 Pore
<] Oﬁuf ; &;% 0 ) , ‘i‘o L
=e g - . o @ dowe | L
) L
, L
[} o L
@, ) 0 -
X - ® 0 @ © @ s - 3
— ® ¢ -
e/ 0 i
£ -
§5 4/ o
3 i L
o © L
- Colr
2 o ) L
g J f
. . |4
j T
3 v C
s 5 o " L
S = L
e e - A
@ P L
@ [] = o—a @ S g L
CRCH ; 5
i @ n -
3, L
>' | -
@ 0 i
i r
u L Ppr
‘ T T T T T 1T 17T ‘ T T T T T T 177 ‘ T T T 1T T T 177 ‘ T T T 1T T T 177 ‘ T T T 1T T 1T 17T ‘ T 1T T 1T 1T T 177 ‘ 1T 1T 171
Prm 10 9 8 7 6 5

S45



2D TOCSY spectrum of macrocyclic f-sheet 2a with WATERGATE

8 mMin 9:1 H,O/D,0O, 800 MHz, 298 K
75-ms spin-locking mixing time
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2D NOESY spectrum of macrocyclic -sheet 2a with WATERGATE
8 mMin 9:1 H,0/D,0, 800 MHz, 298 K
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2D NOESY spectrum of macrocyclic $-sheet 2a with WATERGATE

8 mMin 9:1 H,0/D,0, 800 MHz, 298 K

225-ms spin-locking mixing time HNJi $eo N¢ N NJL o NDH “\CH
tetramer predominates o, Hzc J\W )ﬁr )\m Fo ! 0 E g om,

e *r fNJ\mefﬁ :w Jﬂrg{éf% w

L NH y
E,,NH
= Hao,H, F NH
Hao,H, A, NH
Hao H,
Orn,dNH Fe E, o
V,,;NH F,NH HaoH, Fiz; 5253’ Emi’ Yo :I?O‘Me
K NH K,eNH, Yo s Ka [
o :a%:ﬂ TNH \ \ KENH, ;
T2 HaoN,H - 1AM Hao, N H Hao H \ D, NH Hao,H, 18 Fodt Lo om,a
N\\_’j YNH I CRARY w\ /
Orn,dNH Ve r r
P L
Ao
< 21 L
5 % @ ] 0@ @ @ . L
o
3 r
-0
¢ B
o @ L
33 4 -
Lrtezzizzzoazizizziziizcesromsoziocs 0 — 0 PR 0 ° o N =

: o
o
=
s o P mnin e

e p e Rt T e A o TR a2 ] T

[III12III15IIziiiiiisisoozzoziziizoac: 9 . R TR R
@ = )
EIea, o
560X e — ] ﬁ g b o @ 0 Dﬁ ,:
« 0
Sas ! co 46 - 9
Sou> . ) 0 o @ [0 o
SES SrraTsroiirrizTiziiizains amerriieeccoooas e ) s @ ] PRI
0 [ F;
wﬁw%n.; f::::::::::::::::::::::::::::::::::::::*\O e StIasriIiies @— = L] @ - 9 - e s e e T
¥xuwuw 0 0 P , B {ﬁ
0 @ @ 0 JEA
! 0 ﬂ
‘f
9 0 °
<] 0 [} ®
0@ o o 8 o
¢ @ o ’ o @ 2]
o 0 ]
¢ @ ® [ o8
Nrrsiimasn g orssoasaaeses @ “9 . e+ e i e T 2
@0 @ ) 0 0 o
g of o of ° oyl
© ]
@@ @ c@ 0
@o

rpm 10 9 8 7 6 5

S48

\
—

ppr



2D NOESY spectrum of macrocyclic -sheet 2a with WATERGATE
8 mMin 9:1 H,0/D,0, 800 MHz, 298 K
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'"H NMR 2D EXSY (ROESY spectra showing exchange crosspeaks)
Peptide 2a, 2 mM in D, O, 600 MHz, 350 K

200 ms spin-locking time

Exchange crosspeaks shown in red; ROE crosspeaks shown in black
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'H NMR 2D EXSY (ROESY spectra showing exchange crosspeaks)
Peptide 2a, 2 mM in D, O, 600 MHz, 350 K

200 ms spin-locking time

Exchange crosspeaks shown in red; ROE crosspeaks shown in black
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'H NMR 2D EXSY (ROESY spectra showing exchange crosspeaks)
Peptide 2a, 2 mM in D,0O, 600 MHz, 350 K

200 ms spin-locking time
Exchange crosspeaks shown in red; ROE crosspeaks shown in black
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Exchange crosspeaks shown in red; ROE crosspeaks shown in black

'H NMR 2D EXSY (ROESY spectra showing exchange crosspeaks)
Peptide 2a, 2 mM in D, O, 600 MHz, 350 K

200 ms spin-locking time

J A

[wdd] 14

S'L

0'8

S8

6.5

7.0

7.5

8.0

8.5

S63



2D DOSY spectrum of macrocyclic p-sheet 2a
2 mMin D,O, 600 MHz, 298 K
tetramer predominates

HOD

\ \ \ \
8 6 4 2

Calculation for 2a at 2.0 mM

DCyiop = 19.0 x 10 m%/s®
log DCyop =-8.721

For 2a tetramer, log DC (m?/s) =-10.00(1), DC = 10" m*s =10.0 x 10" m*s=10.0 x 107 cm?¥s

 Longsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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2D DOSY spectrum of macrocyclic p-sheet 2a
8 mMin D,O, 600 MHz, 298 K
tetramer predominates

< e e N I [ AT I R ol

\ \ \ \
8 6 4 2

Calculation for 2a at 8.0 mM

DChop = 19.0 x 107" m%/s®
log DCyyop =-8.721

For 2a tetramer, log DC (m?/s) =-9.99(4), DC =10°** m%s =10.1 x 10" m%s=10.1 x 107 cm%/s

? Longsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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AT I L A TS

u )% e %@% wﬁw%@ﬁ mes

macrocyclic f-sheet peptide 2b (as the TFA salt)

molecular weight calculated for C1ggH139N25031 * 4CF3CO,H (TFA salt of 2b): 2643.42
molecular weight calculated for C4ggH139N25031 (free base of 2b): 2187.32
exact mass calculated for CpgH139N25031 (free base of 2b): 2186.01

Analytical RP-HPLC of macrocyclic 3-peptide 2b

mAU
500

8.744

400
300
200

100-|

-100

Signal 1: VWDl A, Wavelength=214 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

1 8.744 Vv 0.2105 7939.88721 494.81061 100.0000

Totals : 7939.88721 494.81061
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Macrocyclic p-sheet peptide 2b

[M+3HJ?*
TOF MS ES+

100+ 729.9920 2.12e3

MS (ESI) of macrocyclic p-sheet peptide 2b calculated m/z for
729.6557 [M+2H]?* : 1094.01
[M+3H]?* : 729.67

730.3284
O\o .

234.1298 730.6648

[M+2H]*

1094.4746
737.3237

1094.9741
5477454 [737.6545 1093.9839
249.0185 5470007  |[r37.9927
349.0255
O-J I‘" 4 ||/ Il Y L ah Lead |

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - 1 1 1 1 1 1 1 1 ; - ‘I 1 1 1 1 m/Z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

. 729.9920
TOF MS ES+
[M+3H]** 2.12e3
729.6557
730.3284
°\° .
730.6648
[M+Na+2H]**
737.3237
M+2Na+H]**
736.9930 [
730.9942 737.6545
737.9927
U U 7446487
A ANAAA A A ANAAA l\ /\I\A AL ANAD DD D /2

727 728 729 730 731 732 733 734 735 736 737 738 730 740 741 742 743 744 745 746 747 748 749 750 751
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Macrocyclic p-sheet peptide 2b

TOF MS ES+
100- 1094.4746 404
[M+2H]* and
[2M-+4H]**
1094.9741
e 1093.9839
1095.4824
[2M+Na+3H]* [M+Na+H]?
1099.9751 1105.4808
J ,/\MM,\J\/\/\/\/\/\’\M_A o o
T T T T T T T T T T T T T T T T T m/z
1092 1093 1094 1095 1096 1097 1098 1099 1100 1101 1102 1103 1104 1105 1106 1107 1108
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1D 'H NMR spectrum of macrocyclic p-sheet 2b
2mMin D,0O, 500 MHz, 285 K
tetramer predominates
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2D TOCSY spectrum of macrocyclic p-sheet 2b as tetramer
2 mMin D,O, 500 MHz, 285 K

150-ms spin-locking mixing time ﬂ BRI RIBNIBRS
tetramer predominates Yy )* iy )Y YT *”

HC N b Hao, H K H Hao, B
N*r m”NJ\rr @\Au NJ\rr u m”NHs

—0
)
4
—6
éé C
,oegﬁd'@éo
s
Ezﬁ e -8
$ j Eppr
rrrr1rrrT \\‘\\\ ‘ \\‘\\ ‘ ‘
Pem 8 6 4 2 0

S60



2D COSY spectrum of macrocyclic $-sheet 2b as tetramer

2mMinD,O, 5OQ MHz, 285 K " ﬁ )}r% )WTN\)L )YM ’w%&m
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2D NOESY spectrum of macrocyclic $-sheet 2b as tetramer
2 mMin D,O, 500 MHz, 285 K 9 3 N,
150-ms spin-locking mixing time "= “”%TJYMWMWMN*TN%:Z
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2D NOESY spectrum of macrocyclic B-sheet 2b as tetramer
2 mMin D,O, 500 MHz, 285 K S )Y &(M JYM “ iy Qom d
150-ms spin-locking mixing time o~ ”28 a 159 Yol
tetramer predominates

#select NMR crosspeaks are labeled Ve

Orn,By
O By
Q,.p
Orn,o of
Hao,Me
E,o
F oo F
Tt Yo To 2 p
Ly s Y O
o m
! Orn, uR \
D,

o

L, b0,

0 @ 0
L,d/D, B

) 0 0

Orn,3S/0Orn R 0 @ ° [0}

@ "@‘ 0 0
0 )
Orn,5S/0Orn R
A @ ’9 O
Ty/Hao,OMe
Q
@
’ o 0 o
(o2
0 8

=<© © 0
© 0 o 0 : }
g o ° @ 0

D, /L, a/ © (o]

T T T 1T ‘ T T T 1T T T 17 ‘ T T 1T 1T 1T T T 7T ‘ T T T T T T 177 ‘ T T T T T T 177 ‘ T T T T 1T T 177 ‘ T T T 1T T 1
ppm 5 4 3 2 1 0

S63

\H/\NJ\[(HIHaIm N \[(\NJJ\[(H Ha°2 ‘T]AjNHs*

ppn



2D NOESY spectrum of macrocyclic p-sheet 2b as tetramer

2 mMin D,O, 500 MHz, 285 K o an., pe O D

: : T e LR MN u MN
150-ms spin-locking mixing time s ?)“of )* J“f g *” $ o o,

tetramer predominates “Cw*r“w%r”fj* w”er ety

#select NMR crosspeaks are labeled Qe

Hao H,

Hao,H/E o

Hao H,/T .

0 O 0 66 o

Hao,H,/Hao H,

0)

0

Hao,H,/Hao H,

Hao H,

Q
/(’(9))
o
@

ppn

S64



2D DOSY spectrum of macrocyclic p-sheet 2b
2 mMin D,0O, 600 MHz, 298 K
tetramer predominates

ol M@MM

b ki ﬂMMH b

\ \ \ \ \ ‘
8 6 4 2 F2 [ppm]

Calculation for 2b at 2.0 mM

DCyiop = 19.0 x 107 m%s?
log DCyop =-8.721

For 2b tetramer, log DC (m%s) =-9.98(6), DC = 10" m%*s =10.3 x 10" m*s=10.3 x 10”7 cm?/s

* Longsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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2D DOSY spectrum of macrocyclic p-sheet 2b
8 mMin D,O, 600 MHz, 298 K
tetramer predominates

< b Y
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\ \ \ \ \
10 8 6 4 2

Calculation for 2b at 8.0 mM

DCyop = 19.0 x 10" m%/s?
log DCyop =-8.721

For 2b tetramer, log DC (m%s) =-9.99(4), DC =10""* m*s =10.1 x 10" m*s=10.1 x 107 cm?/s

* Longsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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macrocyclic p-sheet peptide 2¢ (as the TFA salt)

molecular weight calculated for C4g4H141N25031 * 4CF3CO,H (TFA salt of 2¢): 2657.44
molecular weight calculated for C451H141N25034 (free base of 2¢): 2201.35
exact mass calculated for C4g4H441N2503 (free base of 2¢): 2200.02

Analytical RP-HPLC of macrocyclic B-sheet peptide 2¢

mAU

1000+

7.234

800
600

400

200

0 2 4 6 8 10 12 14 16 18 min

Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
|- |- === | === | === [ === |
1 7.234 BV 0.0780 4340.98779 798.37006 100.0000

Totals : 4340.98779 798.37006
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Macrocyclic p-sheet peptide 2c

3+
[M+3H] TOF MS ES+
433
100 — 734.6364
741.9625 MS (ESI) of macrocyclic p-sheet peptide 2¢ calculated m/z for
[2M+4H]* : 1101.01
2451175 |:|\/|+3H]3+ :734.34
734.2991 |
[2M+4H]**
1101.4426
| 7422944
© -
410.6621 749.2960 1101.6710
|_1101.9436
1101.1877-
749.6223
1100.9417
411.161
613 756.6218
1106.9431
421.6521
1117.9232
O ? e m/z
200 400 600 800 1000 1200 1400 1600 1800 2000
734.6364
100 7 TOF MS ES+
[M+3HP?* 433
[M+Na+2H]**
741.9625
741.6307
734.9738
742.2944
< [M+2Na+HJ>*
749.2960
748.9625
735.2969
742.6409 7396223
[M+Na+K+H]** [M+3NaJ**
[M+K+2H** 749.9631 756.6218
7356346 742.9657  747.2891 756.2867 758.0424
750.2823
735.9722
0- m/z

734

736 738 740 742 744

746

748 750 752 754 756 758 760
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Macrocyclic p-sheet peptide 2¢

100

TOF MS ES+
1101.4426 250
[M+2H]?* and
[2M+4H]*+
1101.6710
1101.9436
[2M+Na+3H]*

[2M+2Na+2H]*
1106.9431

1106.6787

1107 4365 1112.4307

1112.90077  [2M+3Na+H]* [2M+4Na]*
1111.9449

117.9232 1123.4291

v v v v | v v v v |
1105

-1 I T mz
1110 1115 1120 1125 1130
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1D "H NMR spectrum of macrocyclic f-sheet 2¢

2 mMin D,O, 500 MHz, 298 K
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2D TOCSY spectrum of macrocyclic f-sheet 2¢
2mMin D,0O, 500 MHz, 298 K
150-ms spin-locking mixing time HaN
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2D TOCSY spectrum of macrocyclic $-sheet 2¢
2 mMin D,O, 500 MHz, 298 K o o .
150-ms spin-locking mixing time SN:J#HJ\W % &rwdk J\WNJ QNJLN)Q}”W

CH2

HCOI:J -Hao1r HHaozrlii

Me

ppm 4 3 2 1
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2D TOCSY spectrum of macrocyclic f-sheet 2¢

2mMin D,0O, 500 MHz, 298 K
150-ms spin-locking mixing time

ppm
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2D NOESY spectrum of macrocyclic $-sheet 2¢
2mMin D,0O, 500 MHz, 298 K O Gy O Liw O Yy O Smw O D
250 ms spin-locking time
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2D DOSY spectrum of macrocyclic p-sheet 2¢
2 mMin D,O, 600 MHz, 298 K
monomer predominates

. N

—

I I I
8 6 4

N —

Calculation for 2¢ at 2.0 mM

DChop = 19.0 x 10" m%/s®
log DCy0p = -8.721

For 2c tetramer, log DC (m?/s) =-9.78(3), DC =107 m%s =16.5 x 10" m%*s =16.5 x 107 cm?/s

? Longsworth, L. G. J. Phys. Chem. 1960, 64, 1914—1917.
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+H3N\)J\ )ﬁ(N\)J\ )\f( Qk &(NJL /KH/NJK )\f( CH2

J\r wm*m @f* fw%@f* o

macrocyclic f-sheet peptide 3 (as the TFA salt)

molecular weight calculated for C43H146N2602g * 5CF3CO5H (TFA salt of 3): 2766.54
molecular weight calculated for C493H146N2602g (free base of 3): 2196.42
exact mass calculated for C4g3H146N2602g (free base of 3): 2195.08

Analytical RP-HPLC of macrocyclic p-sheet peptide 3

mAU ]
500 -
’ 0
1 ©
400
300
200
100
0 | J/t I T T T I T T T I T T T I T T T I T T T I : i T I T T T I T
0 2 4 6 8 10 12 14 16 18 min
Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %

e R |~ | |~ |
1 8.181 Vv 0.1970 5600.01514 403.11060 100.0000

Totals : 5600.01514 403.11060
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Macrocyclic B-sheet peptide 3

TOF MS ES+
1.14e3
100 - 732.95
[M+3H]**
248.99
281.02
732.61 .
MS (ESI) of peptide 3 calculated m/z for
[M+2H]?* : 1098.54
733.29 [M+3H]3+ : 732.69
% —
546.93 733.61
381.01
430.86
549.96
[M+2H]>
745.60
|_550.21 745.93 1098.90
_555.93 1098.40 {1099.40
512.83 1099.90
0 T bk I I‘II'I T - T 4 lu T T T T T T T m/z
200 400 600 800 1000 1200 1400 1600 1800
100 - 732.95 TOF MS ES+
1.14e3
[M+3H]3*
732.61
733.29
% —
733.61
[M+K+2H]**
[M+Na+2H]** 745.60
733.95 '
740,28 745.26 745.93
739.93 740.93 746.26
O 1 1 1 1 1 1 1 1 1 1 IA 1 1 1 1 L IAA,\I T T T T /}A T m/z
732 734 736 738 740 742 744 746 748 750 752 754
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Macrocyclic p-sheet peptide 3

TOF MS ES+
100 - 1098.90 152
[M+2H]>*
11098.40
1099.40
% -
1099.90
[M+Na+H]? [M+K+H]>*
100,86 1117.87
- 1117.40
1100.45 1109.35 11841
0 J r N AIA.,.I\ r A v IAAAAM ,i DOV, SV Lol r B y
1100 1105 1110 1115 1120 1125 1130 1135 1140
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1D "H NMR spectrum of macrocyclic p-sheet 3
2 mMin D,0O, 500 MHz, 298 K

monomer predominates, small resonances are from tetramers
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2D TOCSY spectrum of macrocyclic B-sheet 3,2 mM in D,O, 500 MHz, 298 K
150-ms spin-locking mixing time
monomer predominates, small resonances from tetramer
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2D TOCSY spectrum of macrocyclic f-sheet 3, 2 mM in D, O, 500 MHz, 298 K

150-ms spin-locking mixing time

monomer predominates, small resonances from tetramer
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2D TOCSY spectrum of macrocyclic f-sheet 3, 2 mM in D,0O, 500 MHz, 298 K
150-ms spin-locking mixing time
monomer predominates, small resonances from tetramer
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2D NOESY spectrum of macrocyclic 3-sheet 3

2 mMin D,O, 500 MHz, 298 K

200-ms spin-locking mixing time

monomer predominates, small resonances are from tetramers
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2D NOESY spectrum of macrocyclic -sheet 3, 2 mM in D,O, 500 MHz, 298 K
200-ms spin-locking mixing time
monomer predominates, small resonances are from tetramers
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2D NOESY spectrum of macrocyclic B-sheet 3, 2 mM in D,O, 500 MHz, 298 K
200 ms spin-locking time
monomer predominates, small resonances are from tetramer
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1D "H NMR spectrum of macrocyclic f-sheet 3, 8 mM in D,O, 500 MHz, 298 K
40/60 ratio of monomer to tetramer
resonances from tetramer are labeled
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2D TOCSY spectrum of macrocyclic p-sheet 3, 8 mM in D,O, 500 MHz, 298 K

150-ms spin-locking mixing time
40/60 ratio of monomer to tetramer
resonances from tetramer are labeled

Qs i o
H NQL QLN
HCS D0 K16

ﬁv@
R ﬁg
n
e o o
:dﬁ ‘o
o C ®
\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\‘\\\\\\\\\\\\\\\\\\\‘\\\\\\\
Ppm 8 6 4 2 0

S87

ppm



2D NOESY spectrum of macrocyclic B-sheet 3, 8 mM in D,O, 500 MHz, 298 K

200-ms spin-locking mixing time
40/60 ratio of monomer to tetramer
resonances from tetramer are labeled
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'H NMR 2D EXSY (ROESY spectra showing exchange crosspeaks)
Peptide 3,4 mM in D,0O, 600 MHz, 340 K

200 ms spin-locking time

Exchange crosspeaks shown in red; ROE crosspeaks shown in black
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'H NMR 2D EXSY (ROESY spectra showing exchange crosspeaks)

Peptide 3,4 mM in D,0O, 600 MHz, 340 K

200 ms spin-locking time

Exchange crosspeaks shown in red; ROE crosspeaks shown in black

[wdd] 14
! ! | !

00 -
I I

S0
1 1

0l
1 1

Sl
1 1

0'¢c
1 1

S'¢
1

S90



'H NMR 2D EXSY (ROESY spectra showing exchange crosspeaks)
Peptide 3,4 mM in D,0O, 600 MHz, 340 K

200 ms spin-locking time

Exchange crosspeaks shown in red; ROE crosspeaks shown in black
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'H NMR 2D EXSY (ROESY spectra showing exchange crosspeaks)
Peptide 3, 4 mM in D,0O, 600 MHz, 340 K

200 ms spin-locking time

Exchange crosspeaks shown in red; ROE crosspeaks shown in black
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2D DOSY spectrum of macrocyclic $-sheet 3
2 mMin D,O, 600 MHz, 298 K

monomer predominates,

small resonances from tetramer

HOD

N T SO

\ \ \ \
8 6 4 2

Calculation for 3 at 2.0 mM

DCyiop = 19.0 x 107" m%/s®
log DCyyop =-8.721

For 3 tetramer, log DC (m?/s) =-9.78(5), DC = 10" m%s =16.4 x 10" m¥s=16.4 x 107 cm%/s

 Longsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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macrocyclic 3-sheet peptide 4 (as the TFA salt)

molecular weight calculated for C4poH143N250259 « 4CF3CO5H (TFA salt of 4): 2639.47
molecular weight calculated for C1goH143N25049 (free base of 4): 2183.38
exact mass calculated for C1goH143N25049 (free base of 4): 2182.04

Analytical RP-HPLC of macrocyclic $-peptide 4

mAU |
1000 —
7 [o0]
(%))
Q
4 [oe]
800
600
400
200 -
0 2 4 6 8 10 12 14 16 18 min|

Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e e | === == | = R | == |
1 8.098 vv 0.1003 5771.48926 812.59326 100.0000

Totals : 5771.48926 812.59326
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Macrocyclic p-sheet peptide 4

TOF MS ES+
1004 735.9722 518
[M+3H]>*
MS (ESI) of macrocyclic f-sheet peptide 4 calculated m/z for
7356417 [M+2H]?* : 1092.02
] [M+3H]? : 728.35
728.6473 [M+4H]*" : 546.51
|_736.3100
] 728.3113
X
743.3050
43.6371
] 301.1261 750.6234
2+
556.2208 750.9645 [(M+2H]
1 546.7354 556 7269 757 9629  1092.4689
4152372 7622858 1103.9403
0- |I 'll LS B L B L L L B I B LI I I el 11T
200 400 600 800 1000 1200 1400 1600 1800 2000
100 - 735.9722 oF S £o
[M+Na+2H]* o
735.6417
[M+3H]**
728.6473
736.3100
728.3113
[M+2Na+H]**
< 728.9834
[M+K+2H]** 743.3050
742.9729
743.6371
_736.6478
740.9672 [M+3Na]*
729.3123 :
743.9695 7606234
736.9857 : 750.9645
729.6485
751.2910
737.3165
734.3063
. m/z
745 760

730

725

735
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Macrocyclic p-sheet peptide 4

TOF MS ES+
40.3
100 1092.4689
[M+2Na]?*
1103.4564
[M+2H]*
1091.9613
1092.9592
1102.9374
1103.9403
O\O_
[M+Na+3H]*
1097.9645
1097.6749 1098.1575
1101.9436 11074277
M 1093.9663 1100.9504
] 1095.9120
1090.5439
0 T T T T T T T T T T T T T T T T T T m/Z
1090 1092 1094 1096 1098 1100 1102 1104 1106 1108 1110
22
. 556.2208 TOF MS ES+
65.5
[M+K+3H]*
555.9709
4+
[M+4H] 556.4706
546.7354
< 546.4940
546.9832
556.7269
547.2372 [M+Na+3H]* [M+Na+K+2H]** [M+2K+2H]4*
556.9644
547.4913 551 9937 561.4739 565.7119
| 559.9688 || 561.9636 569.7003
550.0040
542.2609
0I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T m/Z
542 544 546 548 550 552 554 556 558 560 562 564 566 568 570
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1D "H NMR spectrum of macrocyclic f-sheet peptide 4
2mMin D,0O, 500 MHz, 298 K
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2D TOCSY spectrum of macrocyclic f-sheet peptide 4 as monomer
2mMin D,0O, 500 MHz, 298 K
150 ms spin-locking time
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2D ROESY spectrum of macrocyclic $-sheet peptide 4

2 mMin D,O, 500 MHz, 298 K
200 ms spin-locking time
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2D DOSY spectrum of macrocyclic p-sheet 4
2 mMin D,O, 600 MHz, 298 K
monomer predominates

ot Ll A

\ \ \ \
8 6 4 2

Calculation for 4 at 2.0 mM

DCyiop = 19.0 x 107 m%s?
log DCyop =-8.721

For 4 tetramer, log DC (m?/s) =-9.75(4), DC =10°"* m%s =17.6 x 10" m¥s=17.6 x 107 cm*/s

* Longsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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L GR L

CH2

HoC
HQC\H )J\ Hsz/\NH3

linear peptide 5 (as the TFA salt)

molecular weight calculated for Cg4H1ggN1017 * 3CF3CO,H (TFA salt of 5): 1707.65
molecular weight calculated for Cg4H199N160+7 (free base of 5): 1365.58
exact mass calculated for Cg4H19gN15017 (free base of 5): 1364.75

Analytical RP-HPLC of linear peptide 5

7.692

700 —
600 —
500 —
4oo—f
300 —

200

100

-100

0 2 4 6 8 10 12 14 16 18 min

Signal 1: VWDl A, Wavelength=214 nm
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
=== |———= === | ———=—= | === | ——=————- |
1 7.692 VV 0.0657 2891.74707 698.99927 100.0000

Totals : 2891.74707 698.99927
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Linear peptide 5

100 683.3392._ TOF MS ES+
8.87e3
[M+2H]2* MS (ESI) of acyclic peptide 5 calculated m/z for
[M+2H]?* : 683.37
[M+3H]? : 455.91
[2M+3H]* : 910.83
683.8517
O\C‘ ]
[M+3HJ**
455.9052
156.2390
684.3574
694.3432
694.8458 .
456.5785 8 [2M+3H]?
267 0169 702.3292
' (156.9124 911.1404
0_ ':“u.‘!.I.l“Il + T IL T T T - I.l I‘J I. T T T T T T T T T T T h U T T T T T T T T T T T
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
100+ 683.3392
TOF MS ES+
8.95e3
[M+2H]?*
683.8517
O\O -
684.3574 [M+Na+H]*
694.3432
694.8458
[M+K+HP*
M+2Na]?*
684.8632 695.3555 702.3292 [ ]
( h 705.3436
0 o ’ } A ’ A IAAA ' AAAI ’ ' m/z
680 685 690 695 700 705 710 715 720 725
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Linear peptide 5

TOF MS ES+
100- 3.68e3
[M+3H]*
4559052
4562390
2 -
456.5785
[M+K+2H]"
456.9124
468.5580
T |U T T T T T T T A| A T IT T T AlA o T T T T /\’\’\l A T T /Z
455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476
TOF MS ES+
100- 707

%

[2M+3H]**
911.1404
911.4763
910.8044 [2M+Na+2H]*
2M+2Na+H]**

918.4702 [
[2M+K+2H]3*

911.8041

[2M+Na+K+H]**
912.1480
938.7764

m/z

904 906 908 910 912 914 916 918 920 922 924 926 928 930 932 934 936 938 940 942 944 046 948
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1D "H NMR spectrum of linear peptide 5 as control
1.2 mMin D,0O, 500 MHz, 298 K
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2D TOCSY NMR spectrum of linear peptide 5 as control
4.95 mM in D,O, 500 MHz, 298 K
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2D TOCSY NMR spectrum of linear peptide 5 as control
4.95 mMin D,O, 500 MHz, 298 K
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2D ROESY NMR spectrum of linear peptide 5 as control

4.95 mM in D,0, 500 MHz, 298 K oo e o m o
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2D ROESY NMR spectrum of linear peptide 5 as control
4.95 mM in D,O, 500 MHz, 298 K
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