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Fig S1. 1H NMR spectra of peptide 1Arg at 4 mM and 8 mM in 50 mM CD3COOD and 50 mM 
CD3COONa buffer in D2O at 500 MHz and 298 K. 
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Fig S2. 1H NMR spectra of peptide 1Cit at various concentrations in 50 mM CD3COOD and 50 mM 
CD3COONa in D2O at 500 MHz and 298 K. 
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Fig. S3. Downfield shifting of the α-protons of peptide 1Arg at 4 mM relative to those of random 
coil chemical shifts. *Leucine residues are not assigned in a sequence-specific fashion. 

Fig. S4. Downfield shifting of the α-protons of peptide 1Cit 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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Table S1.Crystallographic properties, crystallization conditions, data collection, and model 
refinement statistics for peptide2Cit. 

peptide peptide 2Cit 

PDB ID 5UHR 

space group P41212 

a, b, c (Å) 33.88, 33.88, 99.05 

α, β, λ (°) 90, 90, 90 

peptides per asymmetric unit 4 

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

wavelength (Å) 0.92 

resolution (Å) 27.96–1.798 (1.862–1.798) 

total reflections 11672 (1079) 

unique reflections 5838 (541) 

multiplicity 2.0 (2.0) 

completeness (%) 99.51 (95.41) 

mean I/σ 41.22 (9.47) 

Wilson B factor 24.70 

Rmerge 0.01553 (0.06924) 

Rmeasure 0.02196 (0.09792) 

CC1/2 1.000 (0.988) 

CC* 1.000 (0.997) 

Rwork 0.2257 (0.2928)  

Rfree 0.2687 (0.3045) 

number of non-hydrogen atoms 540 

RMSbonds 0.020 

RMSangles 2.04 

Ramachandran favored (%) 100 

outliers (%) 0 

clashscore 3.30 

average B-factor 32.91 

number of TLS groups 4 

ligands/ions Cl (1) 

water molecules 39 
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m/z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

%

0

100

yilinw8-rlanflv-ikhaoki-1  26 (0.477) Sm (Md, 3.00); Cm (2:55) TOF MS ES+ 
1.53e4

881.0587.7

587.3

245.1

441.0289.1

290.2

441.3

441.5

880.5

588.0

588.4

595.0

595.3

602.3

602.7661.7

881.5

892.0

892.5

960.0

1761.1
1760.11028.0

1028.5
1096.0
1096.5

1762.1

1783.0

 

[M+H]+:

calculated m/z for C83H138N24O18:

1760.07
2+[M+2H] :

[M+3H]3+:
880.54
587.36

Aeris XB-C18 2.6µ
150 mm x 4.6 mm
A: H2O, 0.1% TFA
B: CH3CN, 0.1% TFA
A/B (95:5) to (0:100) in 20 min
1.0 mL/min
VWD, wavelength = 214 nm 
298 K

column:
dimensions:

mobile phase:

gradient:
flow rate:

detection:
temperature:

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

[M+2H]2+

[M+H]+

[M+3H]3+

min5 10 15 20 25

mAU

0

250

500

750

1000

1250

1500

1750

 MWD1 A, Sig=214,4 Ref=off (YILIN\RLANFLV-IKHaoKI-com.D)

8.
62

9
8.

79
9

   1        8.629       MF       0.1768        685.6629         64.6265        10.0330
   2        8.799       FM       0.0584      6148.4335     1756.0099        89.9670

RP-HPLC of Macrocyclic β-Sheet 1Arg

MS (ESI) of Macrocyclic β-Sheet 1Arg
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Integral

 1.020

 1.000

 1.116

 4.902

 1.532

 1.141
 1.023
 2.933

 3.007

 2.013
 1.073
 1.133
 2.985

 1.875

 4.103
 1.180
 4.410
 1.068

 2.069

 1.038

35.688

 1.081
 3.176
 2.453

 3.466

28.986

ppm

 8.0319
 8.0149
 7.9020

 7.2230
 7.2047
 7.0044
 6.9900
 6.9758
 6.9475
 6.9340
 6.9101
 6.8957

 4.8841
 4.7681
 4.6485
 4.5637
 4.4840
 4.4661
 4.4507
 4.3631
 4.3490
 4.3328
 4.3189
 4.3063
 4.2925
 4.1762
 4.1648
 4.0925
 4.0741
 4.0292
 4.0120
 3.9768
 3.3958
 3.1245
 3.1126
 3.0976
 3.0844
 3.0709
 2.9552
 2.9398
 2.9265
 2.9128
 2.8974
 2.6634
 1.9260
 1.8617
 1.8387
 1.8213
 1.8045
 1.7902
 1.7631
 1.7454
 1.7328
 1.7160
 1.6783
 1.6635
 1.6493
 1.6351
 1.6204
 1.6056
 1.5423
 1.5076
 1.4934
 1.4795
 1.4671
 1.4441
 1.4206
 1.4065
 1.3936
 1.3795
 1.2643
 1.2506
 0.9268
 0.9135
 0.8698
 0.8481
 0.8364
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1H NMR DOSY of macrocyclic β-sheet peptide 1Arg at 500 MHz and 298 K
4 mM in 100 mM deuterioacetate buffer in D2O

monomer

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

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

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914−1917.

Dmonomer : log(D) = -9.708; D = 10-9.708 = 19.6 ± 0.6 x 10-11 m2/s
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Aeris XB-C18 2.6µ
150 mm x 4.6 mm
A: H2O, 0.1% TFA
B: CH3CN, 0.1% TFA
A/B (95:5) to (0:100) in 20 min
1.0 mL/min
VWD, wavelength = 214 nm 
298 K

column:
dimensions:

mobile phase:

gradient:
flow rate:

detection:
temperature:

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

[M+H]+:

calculated m/z for C83H137N23O19:

1761.06
2+[M+2H] :

[M+3H]3+:
881.03
587.69

[M+2H]2+

[M+H]+

[M+3H]3+

5 10 15 20 25

mAU

0

500

1000

1500

2000

2500

3000

 MWD1 A, Sig=214,4 Ref=off (YILIN\citLANFLV-IKHaoKI-com.D)

8.
75

8
9.

37
4

9.
73

8

min

   3        9.738       FM       0.1130      3599.7199      530.8340           6.0090
   2        9.374       FM       0.2858       5.4981e4     3206.0356         91.7819
   1        8.758       MF       0.0983      1323.3335      224.3247           2.2091

RP-HPLC of Macrocyclic β-Sheet 1Cit

MS (ESI) of Macrocyclic β-Sheet 1Cit
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1H NMR DOSY of macrocyclic β-sheet peptide 1Cit at 500 MHz and 298 K
1 mM in 100 mM deuterioacetate buffer in D2O

Calculations for macrocyclic β-sheet peptide 1Cit at 1 mM

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

Dmonomer : log(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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1H NMR DOSY of macrocyclic β-sheet peptide 1Cit at 500 MHz and 298 K
2 mM in 100 mM deuterioacetate buffer in D2O

Calculations for macrocyclic β-sheet peptide 1Cit at 2 mM

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

Dmonomer : log(D) = -9.723; D = 10-9.723 = 18.9 ± 1.2 x 10-11 m2/s

monomer

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914−1917.

HOD

S47



ppm8 6 4 2
- 8

.5
 

- 9
.0

 
- 9

.5
 

- 1
0.

0 
lo

g(
m

2 /
s)

1H NMR DOSY of macrocyclic β-sheet peptide 1Cit at 500 MHz and 298 K
4 mM in 100 mM deuterioacetate buffer in D2O

Calculations for macrocyclic β-sheet peptide 1Cit at 4 mM

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

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914−1917.

Dmonomer : log(D) = -9.759; D = 10-9.759 = 17.4 ± 1.2 x 10-11 m2/s
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1H NMR DOSY of macrocyclic β-sheet peptide 1Cit at 500 MHz and 298 K
8 mM in 100 mM deuterioacetate buffer in D2O

Calculations for macrocyclic β-sheet peptide 1Cit at 8 mM

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

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914−1917.

Dmonomer : log(D) = -9.849; D = 10-9.849 = 14.2 ± 0.3 x 10-11 m2/s

HOD
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1H NMR DOSY of macrocyclic β-sheet peptide 1Cit at 500 MHz and 298 K
16 mM in 100 mM deuterioacetate buffer in D2O

tetramer

Calculations for macrocyclic β-sheet peptide 1Cit at 16 mM

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

aLongsworth, L. G. J. Phys. Chem. 1960, 64, 1914−1917.

Dmonomer : log(D) = -9.905; D = 10-9.905 = 12.4 ± 0.3 x 10-11 m2/s
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m/z
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

%

0

100 912.9
609.0

608.3

393.2
349.2

305.1

261.1

437.2 587.7

481.3
525.3

609.3
912.4

609.6

616.3

616.6

617.0

881.0617.3

624.0

913.5

923.9

934.9

935.5

1824.9

936.0 1823.91002.9

1003.4

1003.9
1070.9

1217.0

1846.9

1847.9

1848.9

 

[M+H]+: 1822.93
2+[M+2H] :

[M+3H]3+:
911.97
608.31

Aeris XB-C18 2.6µ
150 mm x 4.6 mm
A: H2O, 0.1% TFA
B: CH3CN, 0.1% TFA
A/B (95:5) to (0:100) in 20 min
1.0 mL/min
VWD, wavelength = 214 nm 
298 K

column:
dimensions:

mobile phase:

gradient:
flow rate:

detection:
temperature:

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

yilinw9_citlanflv-ikhaokl(br)-1  20 (0.367) Sm (Md, 3.00); Cm (2:55) TOF MS ES+ 
1.60e4

calculated m/z for C82H132N23O19Br:

[M+2H]2+

[M+H]+

[M+3H]3+

   2        9.712       FM       0.1955      664.1050            56.6224         6.3666
   1        9.182       MF       0.1294    9766.9707        1258.4011       93.6334

5 10 15 20 25

mAU

-200

0

200

400

600

800

1000

1200

 MWD1 A, Sig=214,4 Ref=off (YILIN\CITLANFLV-IKHaoKL(Br)-com.D)

9.
18

2
9.

71
2

min

RP-HPLC of Macrocyclic β-Sheet 2Cit

MS (ESI) of Macrocyclic β-Sheet 2Cit
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yilinw9_citlanflv-ikhaokl(br)-1  20 (0.367) Sm (Md, 3.00); Cm (2:55) TOF MS ES+ 
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[M+3H]3+

[M+2H]2+
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