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Supplementary Figure 1: Amyloidogenic segments in S. aureus PSMαs 

 

 

 

  

(a) The sequences of S. aureus PSMα1, PSMα3 and PSMα4 (UniProt accession number is 

indicated in parentheses). Segments marked in bold were predicted to have amyloidogenic 

propensity based on computational methods1-5, and were selected for structural 

characterization. (b) Percentage of sequence identity between pairs of PSMα.  

 

Supplementary Figure 2. Thioflavin T binding and fibrillation kinetics of PSMα1 and 

PSMα4 

 

Fibrillation kinetics of PSMα1, PSMα4 and mutants that sustained substitution of two 

residues within the predicted amyloidogenic region to proline residues (PSMα1 I7P/K9P 

and PSMα4 I8P/I10P). The fibrillation reaction contained 50 µM peptide and 200 µM 

Thioflavin T. PSMα1 and PSMα4 showed rapid fibrillation following a ~20 h lag time. 

The mutants showed no ThT binding. The graph shows mean fluorescence readings of 

triplicate ThT measurements. Calculated standard errors of the mean are presented as error 

bars. 
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 Supplementary Figure 3. Steric-zipper structure of PSMα4 IIKIIK  

(a) The structure of PSMα4-IIKIIK determined at 1.6Å resolution included pairs of β-

sheets which are the basic unit of the fibril; side-chains protruding from the two β-sheets 

intermesh to form a dry, tightly self-complementing steric zipper bonding the sheets. The 

β-sheets are composed of parallel β-strands. In the left panel, the view is perpendicular to 

the fibril axis and the β-strands run horizontally. In the right panel, the view is down the 

fibril axis. The segments are shown in ribbon representation, with side chains shown as 

sticks. The carbons within each β-sheet are colored either gray or light blue, and nitrogen 

atoms in side chains are colored blue. The structure of IIKIIK is highly similar to the 

structure of IIKVIK from PSMα1 (Fig. 2). (b) The crystal packing of IIKIIK from PSMα4 

is depicted down the fibril axis showing alternating dry and wet interfaces. Residues 

colored by atom-type are represented as sticks, and water molecules are in red spheres.  
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Supplementary Figure 4. Antibacterial activity of LFKFFK and KLFKFFK in 

solution 

 

The LFKFFK and KLFKFFK peptides from PSMα3 inhibited the growth of M. luteus (a) 

and S. hominis (b) in a dose-dependent manner. The graphs show the maximal optical 

density (OD) of M. luteus culture at t=18 hours (a), or S. hominis culture at t=8 hours (b) 

in the presence of different peptide concentrations.  The steric-zipper-forming segments, 

IIKVIK from PSMα1 and IIKIIK from PSMα4, did not show a significant antibacterial 

effect on either species. The mean OD values and error bars represent triplicate 

measurements that were averaged from three individual experiments performed on 

different days. Calculated standard errors of the mean are presented as error bars. 
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Supplementary Figure 5. Attenuated total internal reflection Fourier transform 

infrared spectra of PSMαs segments 

 

Attenuated total internal reflection Fourier transform infrared (ATR-FTIR) spectroscopy 

of the amide I’ region (1600-1700 cm-1) of fibrils of PSMα segments. The canonical steric-

zipper forming spine segment PSMα1-IIKVIK shows a peak at 1621 cm-1 corresponding 

to rigid amyloid fibrils6-8. In contrast, PSMα3-KLFKFFK shows a peak at 1633 cm-1 and 

PSMα3-LFKFFK shows two main peaks at 1622 cm-1 and 1633 cm-1, with the latter 

indicating on more disordered fibrils with absorbance which is typical of the bent β-sheets 

in proteins6-8.  
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Supplementary Figure 6. Extreme polymorphism of the self-assembling PSMαs 

 

 

The cross-α amyloid-like fibrils of PSMα39 (top left panel) as well as the cross-β steric-

zipper fibrils of PSMα1-IIKVIK (top right panel) form pairs of tightly mated parallel sheets 

running along the fibril axis. Here only six layers are shown. Individual molecules are 

oriented perpendicular to the fibril axis. The two polymorphs of the PSMα3 LFKFFK 

segment are shown in the bottom panel. One polymorph forms hexameric configuration of 

antiparallel β-sheets, yielding nanotubes along the fibril (bottom left). The second 

polymorph form out-of-register mating pairs of antiparallel β-sheets (bottom right). The 

peptides are shown in ribbon representation with side chains shown as sticks. The carbons 

within each sheet are colored either gray or light blue, with heteroatoms in side chains 

colored by atom type (nitrogen in blue, oxygen in red, and sulfur in yellow). 
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Supplementary Table 1. Quantitative measures of amyloid stability based on features 

of the crystal structures of PSMα  

 

 
PSMα1 

IIKVIK 

PSMα4 

IIKIIK 

PSMα3 

LFKFFK 

Polymorph I 

PSMα3 

LFKFFK 

Polymorph II 

Shape 

complementari

ty 

0.89 0.89 0.79 0.82 

Inter-strand 

distance along 

the sheet 

4.80 Å 4.83 Å 

4.82 Å  

 (between 

antiparallel β-

strands)  

4.80 Å  

(between 

antiparallel β-

strands) 

Area buried 

One molecule 

against an 

opposite sheet: 

532 Å2 

(28%)a 

 

One molecule 

against an 

opposite sheet: 

510 Å2 

(27%)a 

 

One molecule 

against two 

opposite sheets 

in the trimer: 

 

 

Strand 1b:  

223 Å2 

(11%)a 

 

 

 

Strand 2b:  

281 Å2 

(13%)a 

One molecule 

against an 

opposite sheet: 

 

 

 

Strand 1b:  

414 Å2 

(20%)a 

 

 

Strand 2b:  

438 Å2 

(21%)a 
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One molecule 

within pairs of 

sheets: 

 

1343 Å2 

(72%)a  

 

One molecule 

within pairs of 

sheets: 

 

1338 Å2 

(71%)a 

 

One molecule 

within a trimer: 

 

 

Strand 1b:  

1342 Å2 

(62%)a 

 

 

 

 

 

Strand 2b:  

1380 Å2 

(64%)a 

 

 

 

One molecule 

within pairs of 

sheets: 

 

Strand 1b:  

1305 Å2 (62%)a 

 

 

Strand 2b:  

1329 Å2  

(63%)a 

 

 

 

 NNQQNY VQIVYK KLVFFA 

Shape 

complementarity 
0.86 0.72 0.59 

Inter-strand 

distance along 

the sheet 

4.87 Å 4.86 Å 

4.79 Å  

 (between antiparallel 

β-strands) 
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Area buried 

One molecule against 

an opposite sheet: 

 

469 Å2 (27%)a 

 

 

 

 

 

 

 

 

 

 

 

 

 

One molecule against 

an opposite sheet: 

 

325 Å2 (17%)a 

One molecule against 

an opposite sheet: 

 

Strand 1b:  

242 Å2 

(13%)a 

 

Strand 2b:  

 334 Å2 

(18 %)a 

One molecule within 

pairs of sheets: 

 

1268 Å2 (75%)a 

 

One molecule within 

pairs of sheets: 

 

1352 Å2 (69%)a 

 

One molecule within 

pairs of sheets: 

 

Strand 1b:  

1252 Å2 (65%)a 

Strand 2b:  

1344 Å2 (70%)a 
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Since steric-zipper fibrils are unusual in that pairs of β-sheets mate more closely than the 

adjoining surfaces in other protein complexes, quantitative measures of amyloid stability 

are based on solvent-accessible surface area buried at the interface between the mating 

sheets, and shape complementarity indicating on the closeness of fit of two protein 

surfaces10. Shape complementarity of zero indicates no complementarity of the two 

surfaces and approaches 1.0 for atomic surfaces that fit perfectly together11. 

The values of shape complementarity  and surface area buried calculated for the PSMα 

structures are compared with those of the VQIVYK segment from the tau protein involved 

in Alzheimer’s disease (PDB code 2ON9)12, KLVFFA segment from amyloid-β involved 

in Alzheimer’s disease (PDB code 2Y2A)13, and the NNQQNY segment from yeast prion 

Sup35 (PDB code 1YJO)14. NNQQNY shows one of the highest values of shape 

complementarity and surface area buried among steric zipper structures12. 

a The number depicted is the percentage of the total accessible surface area of one strand 

(colored purple) that is in contact with the surrounding depicted strands (colored grey). 

b LFKFFK and KLVFFA assemble into antiparallel β-sheets, hence each of the antiparallel 

β-strands forms a difference interface that was calculated separately.  
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