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Figure S1 Electron density maps of macrocyclic peptides mcVQIVFBr, mcAIIFL and mcLVFFA. The 

quality of each of the macrocycle models is reflected in the simulated annealing composite omit maps 

contoured at 1.3 σ. The resolution of the mcVQIVFBr map is 2.05 Å (carbon atoms colored green), the 

resolution of the mcAIIFL map is 2.5 Å (carbon atoms colored magenta), and the resolution of the 

mcLVFFA map is 2.25 Å (cabon atoms colored yellow). 

 

 

Figure S2 The superimposition of the three monomeric macrcocycle structures. Stick diagram of the 

crystal structures of monomeric mcVQIVFBr, mcLVFBrFA, and mcAIIFL are shown in green, yellow 

and purple, respectively. (a) Side view of the superimposed structures showing the stability of the 

conserved framework with different insert peptides. (b) Bottom view of the superimposed structures 
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illustrating the bend in the blocking strand. (c) A naturally occurring β-sheet in transthyretin (PDB ID: 

1BMZ) with curvature comparable to the macrocycles. 

 

Figure S3 Comparison of area buried and shape complementarily between cross-β structures in fibrillar 

form and in oligomeric form. (a) 33 steric zipper structures in fibrillar form which were deposited in 

PDB database are chosen to draw the blue 3D-column graph1-6. The area buried of β strand from 

oligomers are very similar to that from fibrils (b) 33 steric zipper structures are chosen to calculate the 

shape complementarity (Sc).The relatively lower Sc for mcAIFFL (0.6) might be due to relatively low 

resolution (2.55Å) of this structure.  In other words, Sc values tend to increase slightly with improved 

resolution. The PDB codes of the 33 steric zipper structures are: 1YJP, 2OMM,2OLX, 1YJO,3HYD, 

2ONX, 3FVA, 2OLX, 3DG1, 3FVA, 3FPO, 2ONW, 3HYD, 2ONV, 3NHC, 2ON9, 3DGJ, 2OL9, 

3NHD, 2ONA, 2OKZ, 2OMQ, 3FQP, 3FR1, 3FTH,2OMP, 3NVE, 3NVF, 3NVG, 3NVH, 3FTR, 3FOD, 

3LOZ.  

* The shape complementarities of typical oligomeric interfaces between globular proteins are between 

0.70 to 0.747.  
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Figure S4 Overlap the amyloidogenic segment VQIVY(K) of macrocycle with steric zipper fibril 

structure4. Macrocycle is colored in in cyan. For the side view (right), macrocycle is shown as stick. For 

the top view (left), the amyloidogenic segment of macrocycle is shown as stick and the rest part is 

shown as line. The steric zipper structure is shown as line. The steric zipper structure contains two 

layers of β-sheet. One layer is in white and the other is in purple. Each layer consists of 4 β-strands. 

 

Table S1 Oligomeric interfaces: geometry, area buried, and shape complementarity. 

Macrocycle Symmetry 
class 

Deviation 
from 
cross-β 

Chains in 
interface 

Sc Area 
int1 

Area 
int2 

Area 
sum 

Subtotal 
Hao  

Subtotal 
Ort 

mcLVFFA  
interface 1 

5a 0° AB-to-CD 0.76 484 497 981 146 37 

mcLVFFA  
interface 2 

Noneb 15° AB-to-EF 0.71 559 530 1089 278c 2 

mcVQIVFBr 5d 45° A 0.77 520 520 1040 146 0 
 mcAIIFL 5 0° AB-to-CD 0.60 446 448 894 12 184 

a2-fold symmetry is distorted. 

bThis interface lacks symmetry since it contains both parallel and antiparallel sheets. The parallel sheet 
is out of register and the identity of inward and outward-facing residues alternate between the two strands 
within a sheet. 
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cA relatively large percentage of this interface, 41%, arises from the Hao residue, making this interface 
appear the least biologically relevant of the four. 

dStrands across the dry interface are orthogonal, not antiparallel. 
 
 
 

Table S2 RMS deviations for superposed pairs of macrocycle structures. 

 LVFFA AIIFL 
VQIVFBr 0.926  1.338 
LVFFA 0 - 
AIIFL 0.987  0 
Calculation performed with LSQKAB from CCP4. The RMS deviation is calculated over the 61 pairs of 
atoms that are common to all three macrocycles. These include the backbone atoms of the natural amino 
acids and all atoms from ornithine and Hao. 

 
 

Table S3 Tetrameric Interfaces: geometry, area buried, and shape complementarity. 

Sequence Symmetry 
class 

Deviation 
from 
cross-β 

Interface Sc Area 
int1 

Area 
int2 

Area 
sum 

Subtotal 
Hao 

Subtotal 
Ort 

LVFFA 5a 0° AB-to-CD 0.76 484 497 981 146 37 
LVFFA Noneb 15° AB-to-EF 0.71 559 530 1089 278 2 
LVFFA Noneb 15° CD-to-GH 0.73 556 531 1087 301 1 
LVFFA 1c 45° EF-to-GH 0.78 482 491 973 397 0 
VQIVFBr 5d 45° A 0.77 520 520 1040 146 0 
AIIFL 5 0° AB-to-CD 0.60 446 448 894 12 184 
AIIFL 5d 45° AB-to-EF 0.70 489 507 996 495 0 
a2-fold symmetry is distorted. 
bNone of the eight symmetry classes contain both parallel and antiparallel strands. 
cParallel strands are out of register. Furthermore, the identity of inward and outward-facing residues 

alternate between the two strands within a sheet. 41% of the interface arises from the Hao residue. 
dStrands across the dry interface are orthogonal, not antiparallel. 
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Table S4  Area buried in dry interface per strand.   

Sequence Interface Chain  Area buried (Å2) 
LVFFA AB-to-CD A:1-5 137 
LVFFA AB-to-CD B:1-5 221 
LVFFA AB-to-CD C:1-5 203 
LVFFA AB-to-CD D:1-5 180 
LVFFA AB-to-CD Average 182 
    
LVFFA AB-to-EF A:1-5 211 
LVFFA AB-to-EF B:1-5 215 
LVFFA AB-to-EF E:1-5 192 
LVFFA AB-to-EF F:1-5 241 
LVFFA AB-to-EF average 215 
    
VQIVFBr A A:1-5 165 
    
AIIFL AB-to-CD A:1-5 214 
AIIFL AB-to-CD B:1-5 211 
AIIFL AB-to-CD C:1-5 217 
AIIFL AB-to-CD D:1-5 209 
AIIFL AB-to-CD average 213 
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