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I. SUPPLEMENTAL FIGURES
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Fig S1. '"H NMR spectra of peptide 1 Arg at 4 mM and 8 mM in 50 mM CD3;COOD and 50 mM
CD5;COONa buffer in D,O at 500 MHz and 298 K.
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Fig S2. 'H NMR spectra of peptide 1¢j¢ at various concentrations in 50 mM CD;COOD and 50 mM
CD3;COONa in D,O at 500 MHz and 298 K.
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Arg Leu* Ala Asn Phe Leu* Val

Fig. S3. Downfield shifting of the a-protons of peptide 14,4 at 4 mM relative to those of random
coil chemical shifts. *Leucine residues are not assigned in a sequence-specific fashion.

Cit Leu* Ala Asn Phe Leu* Val

Fig. S4. Downfield shifting of the a-protons of peptide 1¢ic at 16 mM relative to those of random
coil chemical shifts. The random coil chemical shift of arginine was used for citrulline. *Leucine
residues are not assigned in a sequence-specific fashion.
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Fig. S5.Crystallographically based molecular model of the tetramer formed by peptide 1¢i. The
model was generated in MacroModel with the MMFFs force field with GB/SA water solvation.
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Table S1.Crystallographic properties, crystallization conditions, data collection, and model
refinement statistics for peptide2cit.

peptide peptide 2¢;

PDB ID SUHR

space group P4,2,2

a, b, c(A) 33.88, 33.88, 99.05
a, B, A (%) 90, 90, 90

peptides per asymmetric unit 4

crystallization conditions

wavelength (A)
resolution (A)
total reflections
unique reflections
multiplicity
completeness (%)
mean l/c

Wilson B factor

Rmerge

Rmeasure

CCip

cC’

Ryvork

Rfree

number of non-hydrogen atoms
RMSponds

RMS,ngies

Ramachandran favored (%)
outliers (%)

clashscore

average B-factor

number of TLS groups
ligands/ions

water molecules

S7

0.1 M sodium citrate at pH
4.9, 20% (v/v) isopropanol,
18% PEG 4000

0.92

27.96-1.798 (1.862-1.798)
11672 (1079)
5838 (541)

2.0 (2.0)

99.51 (95.41)
41.22 (9.47)
24.70

0.01553 (0.06924)
0.02196 (0.09792)
1.000 (0.988)
1.000 (0.997)
0.2257 (0.2928)
0.2687 (0.3045)
540

0.020

2.04

100

0

3.30

32.91

4

Cl (1)

39



IV. CHARACTERIZATION DATA
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RP-HPLC of Macrocyclic 3-Sheet 1arg

MWD A, Sig=214,4 Ref=off (YILIN\RLANFLV-IKHaoKI-com.D)
mAU 1 3
1750 &
1500
1250
1000
750
500
250 ] &
4 (e
: og
0 W
! " " " " T " " " " T T " " " " 7 T " " -
5 10 15 20 25 min
Peak RetTime Type Width Area Height Area column: Aeris XB-C18 2.6y
# [min] [min] mAU *s [MAU ] % d|n_1en3|ons: 150 mm x 4.6 mm
__________________________________________________ mobile phase: A: H,0, 0.1% TFA
! ! ! ! ! ! ! B: CH4CN, 0.1% TFA
1 8.629 MF 0.1768 685.6629 64.6265 10.0330 gradient:  A/B (95:5) to (0:100) in 20 min
2 8.799 FM 0.0584 6148.4335 1756.0099 89.9670 flow rate: 1.0 mL/min
detection: VWD, wavelength =214 nm
temperature: 298 K
MS (ESI) of Macrocyclic B-Sheet 1,4
yilinw8-rlanflv-ikhaoki-1 26 (0.477) Sm (Md, 3.00); Cm (2:55) TOF MS ES+
1.53e4
[M+3H]3* [M+2H]2*
1004 587.7 881.0
5873 8809 calculated m/z for CgzH38N2401s:
[M+H]*: 1760.07
[M+2H]?*:  880.54
[M+3H]3*: 587.36
588.0
881.5
2451 892.0
N
588.4
892.5
289.1 441.0 9600 [M+H]+
5950 1761.1
M3 595.3 1028.0 1760.1
1762.1
1028.5
415 602.3 1096.0 1783.0
202 koz. 661.7 61095-5 '
0 H‘“\l ‘l\i ‘k ml\l“‘” T hl\ . \““J\ l\ ”l\‘L l\ * \ALA\‘“'J T T l? * l‘\ll T L \Uﬂ‘\ l‘\ \‘ T T T T T T T T T T * T l\ L T m/Z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
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yilinw8-rlanflv-ikhaoki-1 26 (0.477) Sm (Md, 3.00); Cm (2:55) TOF MS ES+

1.53e4
100- 881.0
880.5
[M+2H]2+
| 881.5
892.0
< 891.5
| 8925
882.0
1 893.0 903.0
8825
1 883.0
o 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 T T T T T T T T T T T T T T T T T T T \m/Z
870 872 874 876 878 880 882 884 886 888 890 892 894 896 898 900 902 904 906 908 910 912 914 916 918 920

yilinw8-rlanflv-ikhaoki-1 26 (0.477) Sm (Md, 3.00); Cm (2:55) TOF MS ES+
1.51e4
1004 587.7
5873

[M+3H]3* 588.0

%
I

1 588.4

0 s m/z
570 572 574 576 578 580 582 584 586 588 500 502 504 506 598 600 602 604 606 608 610 612 614 616 618 620
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TH NMR of macrocyclic B-sheet peptide 1arg, 4 mM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR of macrocyclic B-sheet peptide 1arg, 4 mM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR 2D TOCSY of macrocyclic B-sheet peptide 1Arg With 150-ms spin-lock mixing time
4 mM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR 2D TOCSY of macrocyclic B-sheet peptide 1Arg With 150-ms spin-lock mixing time
4 mM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR 2D ROESY of macrocyclic p-sheet peptide 1Arg With 150-ms spin-lock mixing time
4 mM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR 2D ROESY of macrocyclic p-sheet peptide 1Arg With 150-ms spin-lock mixing time

4 mM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR DOSY of macrocyclic B-sheet peptide 1Arg at 500 MHz and 298 K
4 mM in 100 mM deuterioacetate buffer in DoO

HOD

ol

monomer —— % 77777777777777777777 A HETE R M- k-t - :

Calculations for macrocyclic 3-sheet peptide 1Arg at 4 mM

Dyop = 19.0 x 10-10 m2/s a
log (Dgop) = -8.721

Drmonomer : 10g(D) = -9.708; D = 10-9.708 = 19.6 + 0.6 x 10-11 m2/s

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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RP-HPLC of Macrocyclic B-Sheet 1¢ijt

MWD1 A, Sig=214,4 Ref=off (YILIN\citLANFLV-IKHaoKI-com.D)
mAU 1 N
] P
3000
2500
2000
1500
1000
7 oo}
] 2
] o
1 «©
500 — ©
] o
0 S ——
5 10 15 20 2 min
Peak RetTime Type Width Area Height Area column: Aeris XB-C18 2.6y
# [min] [min] mAU *s [MAU ] % d|n_1en3|ons: 150 mm x 4.6 mm
__________________________________________________ mobile phase: A: H,0, 0.1% TFA
! ! ! ! ! ! ! B: CH4CN, 0.1% TFA
1 8.758 MF 0.0983  1323.3335  224.3247 2.2091 gradient:  A/B (95:5) to (0:100) in 20 min
2 9.374 FM 0.2858 5.4981e4 3206.0356 91.7819 flow rate: 1.0 mL/min
3 9.738 FM 0.1130 3599.7199  530.8340 6.0090 detection: VWD, wavelength = 214 nm
temperature: 298 K
MS (ESI) of Macrocyclic B-Sheet 1¢ijt
yilinw7-citLANFLV-IKhaoKI-1 35 (0.642) Sm (Md, 3.00); Cm (4:55) TOF MS ES+
2.41e4
[M+2H]2* °
881.5
1007 881.0.
calculated m/z for CgzH437N230+49:
[M+H]*: 1761.06
[M+2H]?*: 881.03
M+3H]3+:  587.69
[M+3H]3+ [ ]
587.7
588.0 882.0
588.3
=4
892.5
903.5 [M+H]*
1762.0
°88.7 1761.0.] 1784.0
904.0
5053 o1 1785.0
595.7 90450 o
1786.0
382_244[.3 573.7 (9960 7078 1039.5 1175.0 1920.0
0 “\ -y “ll\t T T T Tl T T Al T J\ “'I\J T T T T T T T T T T T \L‘LTI T Pt A\ m/z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
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yilinw7-GitLANFLV-IKhaoKI-1 35 (0.642) Sm (Md, 3.00); Cm (4:55) TOF MS ES+

2.41e4
100- 881.5
881.0.
[M+2H]2+
B 882.0
=
8925
1 892.0.
882.5
903‘0903.5
893.0
904.0
| 904.5
o 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 T T T T T T T T T T T T T T T T T T T \m/Z
870 872 874 876 878 880 882 884 886 888 890 892 894 896 898 900 902 904 906 908 910 912 914 916 918 920

yilinw7-citLANFLV-IKhaoKI-1 35 (0.642) Sm (Md, 3.00); Cm (4:55) TOF MS ES+
1.74e4
1004 587.7
588.0
| 588.3
[M+3H]3+
O\O -
| 588.7
1 595.3
573.%
AN

NV VYV
0 m/z
570 572 574 576 578 580 582 584 586 588 500 502 504 506 598 600 602 604 606 608 610 612 614 616 618 620
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TH NMR of macrocyclic f-sheet peptide 1¢;; 2 mM in 100 mM deuterioacetate buffer in D,O at 500 MHz and 298 K
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TH NMR of macrocyclic f-sheet peptide 1¢it, 2 MM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR of macrocyclic f-sheet peptide 1¢it, 2 MM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR of macrocyclic f-sheet peptide 1¢it, 2 MM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR of macrocyclic f-sheet peptide 1¢jt, 2 MM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR 2D TOCSY of macrocyclic B-sheet peptide 1¢gijt with 150-ms spin-lock mixing time
2 mM in 100 mM deuterioacetate buffer in DO at 500 MHz and 298 K
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TH NMR 2D TOCSY of macrocyclic B-sheet peptide 1¢gijt with 150-ms spin-lock mixing time
2 mM in 100 mM deuterioacetate buffer in DO at 500 MHz and 298 K
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TH NMR 2D ROESY of macrocyclic p-sheet peptide 1¢ijt with 100-ms spin-lock mixing time
2 mM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR 2D ROESY of macrocyclic p-sheet peptide 1¢ijt with 100-ms spin-lock mixing time
2 mM in 100 mM deuterioacetate buffer in D2O at 500 MHz and 298 K
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TH NMR of macrocyclic B-sheet peptide 1¢it, 16 mM in 100 mM deuterioacetate buffer in DO at 500 MHz and 298 K
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TH NMR of macrocyclic B-sheet peptide 1¢it, 16 mM in 100 mM deuterioacetate buffer in DO at 500 MHz and 298 K
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HOD

TH NMR 2D TOCSY of macrocyclic B-sheet peptide 1¢gijt with 150-ms spin-lock mixing time
16 mM in 100 mM deuterioacetate buffer in DoO at 500 MHz and 298 K
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TH NMR 2D TOCSY of macrocyclic B-sheet peptide 1¢gijt with 150-ms spin-lock mixing time
16 mM in 100 mM deuterioacetate buffer in DoO at 500 MHz and 298 K
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HOD

TH NMR 2D TOCSY of macrocyclic B-sheet peptide 1¢gijt with 150-ms spin-lock mixing time
16 mM in 100 mM deuterioacetate buffer in DoO at 500 MHz and 298 K
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HOD

TH NMR 2D TOCSY of macrocyclic B-sheet peptide 1¢it
16 mM in D20 at 500 MHz and 298 K with 150-ms spin-lock mixing time
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HOD

TH NMR 2D NOESY of macrocyclic p-sheet peptide 1¢jt with 150-ms mixing time
16 mM in 100 mM deuterioacetate buffer in DoO at 500 MHz and 298 K
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TH NMR 2D NOESY of macrocyclic p-sheet peptide 1¢jt with 150-ms mixing time
16 mM in 100 mM deuterioacetate buffer in DoO at 500 MHz and 298 K
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TH NMR 2D NOESY of macrocyclic p-sheet peptide 1¢jt with 150-ms mixing time
16 mM in 100 mM deuterioacetate buffer in DoO at 500 MHz and 298 K

|

\

o

\

T

22,23,24,25,26 27,28,29,30 31,32,33—-41,42-56,57-60,61-64,65

]

|

12,13,14,15—?—19, 20,21

|

HOD

Il

6

24,25 NH 5 5

68 29\/¢o °z 49>§71 o2H1 “"43

045 55

HN
o N12

@ -

e
&>
=9
° {0
@'

No-X
° ¢

7%

Q ah;

o ‘”

PrRbIrereey

ppm

S44

LA A B B B
N

w

LA R B B B B B B
SN

[8))

ppm



TH NMR 2D NOESY of macrocyclic p-sheet peptide 1¢jt with 150-ms mixing time
16 mM in 100 mM deuterioacetate buffer in DoO at 500 MHz and 298 K
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TH NMR DOSY of macrocyclic B-sheet peptide 1¢jt at 500 MHz and
1 mM in 100 mM deuterioacetate buffer in DoO

HOD

el

298 K

e

log(m?2/s)

Calculations for macrocyclic B-sheet peptide 1¢jt at | mM

Dpop = 19.0 x 10-10 m2/s a
log (Dgop) = -8.721

Dmonomer : 10g(D) =-9.700; D = 10-9.700 = 20.0 = 2.0 x 10-11 m2/s

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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TH NMR DOSY of macrocyclic B-sheet peptide 1¢ijt at 500 MHz and 298 K
2 mM in 100 mM deuterioacetate buffer in D2O

HOD

N

— e

log(m?2/s)

Calculations for macrocyclic B-sheet peptide 1¢jt at 2 mM

Dpop = 19.0 x 10-10 m2/s a
log (Dgop) = -8.721

Drmonomer : 1og(D) =-9.723; D= 109723 = 18.9 + 1.2 x 10-11 m2/s

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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TH NMR DOSY of macrocyclic B-sheet peptide 1¢ijt at 500 MHz and 298 K
4 mM in 100 mM deuterioacetate buffer in DoO

log(m?2/s)

Calculations for macrocyclic B-sheet peptide 1¢jt at 4 mM

Dpop = 19.0 x 10-10 m2/s a
log (Dgop) = -8.721

Dmonomer : 10g(D) =-9.759; D=10-9.759=17.4 + 1.2 x 10-11 m2/s

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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TH NMR DOSY of macrocyclic B-sheet peptide 1¢ijt at 500 MHz and 298 K
8 mM in 100 mM deuterioacetate buffer in D20

log(m?2/s)

Calculations for macrocyclic B-sheet peptide 1¢jt at 8 mM

Dpop = 19.0 x 10-10 m2/s a
log (Dgop) = -8.721

Dimonomer : log(D) = -9.849; D = 10-9.849 = 142 £ 0.3 x 10-11 m2/s

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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TH NMR DOSY of macrocyclic B-sheet peptide 1¢ijt at 500 MHz and 298 K
16 mM in 100 mM deuterioacetate buffer in DoO

log(m?2/s)

Calculations for macrocyclic B-sheet peptide 1¢jt at 16 mM

Dpop = 19.0 x 10-10 m2/s a
log (Dgop) = -8.721

Dmonomer : 10g(D) =-9.905; D =10-9905= 124+ 0.3 x 10-11 m2/s

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914-1917.
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RP-HPLC of Macrocyclic B-Sheet 2¢jt

MWD1 A, Sig=214,4 Ref=off (YILIN\CITLANFLV-IKHaoKL(Br)-com.D)
mAU %
1 &
1200
1000
800
600
400
200
0 8
'200; T T T T T i
5 10 15 20 25 min
Peak RetTime Type Width Area Height Area column: Aeris XB-C18 2.6y
# [min] [min] mAU *s [MAU ] % d|n_1en3|ons: 150 mm x 4.6 mm
__________________________________________________ mobile phase: A: Hy0O, 0.1% TFA
! ! ! ! ! ! ! B: CH4CN, 0.1% TFA
1 9182 MF 01294 9766.9707 12584011  93.6334 gradient:  A/B (95:5) to (0:100) in 20 min
2 9712 FM  0.1955 664.1050 56.6224  6.3666 flow rate: 1.0 mL/min
detection: VWD, wavelength =214 nm
temperature: 298 K
MS (ESI) of Macrocyclic B-Sheet 2¢ij¢
yilinw9_citlanfiv-ikhaoki(br)-1 20 (0.367) Sm (Md, 3.00); Cm (2:55) TOF MS ES+
1.60e4
M+2H]2+
aesHpes MR
100 609.0
calculated m/z for CgoH13oN23019Br:
609.3 913.5 [M+H]*: 1822.93
9124 [M+2H]2*:  911.97
6083 [M+3H]**: 608.31
609.6 9239
934.9
035.5
+H1*+
616.3 [M2 4|;|]
616.6 1846.9
200 10020 18239 |1847.9
030 4372 5877 o
349.2 4813 : 1003.4
305.1 525.3 1003.9 1848.9
e173 881.9 1070.9
2611 t 624.0 l/ 1217.0
0 llu“‘\{ A \‘ ek \M“t ‘\ h l\u‘ H?L lL\ T “\L \Ll L‘? T T T T T lL\ \‘ L\‘ \‘LL“TA“‘\ T T T T T T T T \A * T T T T m/Z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900
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yilinw9_citlanfiv-ikhaokl(br)-1 20 (0.367) Sm (Md, 3.00); Cm (2:55)

100+

%

0
9

903.0.903.5

[M+2H]2+

912.9

913.5
912.4

914.0

914.5

915.0

TOF MS ES+
1.60e4

923.9
924.5 934.9
923.5
935.5
934.5
925.0
936.0
925.5
926.0 931.0931.9

yilinw9_citlanfiv-ikhaokl(br)-1 20 (0.367) Sm (Md, 3.00); Cm (2:55)

100+

%

0
5!

595.0

[M+3H]3+

609.0
609.3
608.3
609.6

m/z
00 902 904 906 008 910 912 914 916 918 920 922 924 926 928 930 932 934 936 938 040 942 944 946 948 950

TOF MS ES+
1.57e4

621.6 623.6624.0

m/z
90 592 504 506 598 600 602 604 606 608 610 612 614 616 618 620 622 624 626 628 630 632 634 636 638 640
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TH NMR of macrocyclic f-sheet peptide 2¢jt, 1 mM in 100 mM deuterioacetate buffer in D20 at 500 MHz and 298 K
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TH NMR of macrocyclic f-sheet peptide 2¢jt, 1 mM in 100 mM deuterioacetate buffer in D20 at 500 MHz and 298 K

12266°9
L0900"
Lppe0”
€68€0°
91280"
£€6990
60180°
80260°
€L90T"
9z0eT”
GLLET
S8Z5T"
0s€9T"

e

-

PN

-

wdd

S54

=

'

§296°C|

o

7.2

8990°1

)

8L78°0

fesbeur|

7.0

74

7.6

7.8

8.0

ppm



TH NMR of macrocyclic f-sheet peptide 2¢jt, 1 mM in 100 mM deuterioacetate buffer in D20 at 500 MHz and 298 K
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TH NMR of macrocyclic f-sheet peptide 2¢jt, 1 mM in 100 mM deuterioacetate buffer in D20 at 500 MHz and 298 K
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TH NMR of macrocyclic f-sheet peptide 2¢jt, 1 mM in 100 mM deuterioacetate buffer in D,O at 500 MHz and 298 K
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