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Figure 1. Deconvoluted mass spectrum of fragaceatoxins on the true mass scale. (A) Mass spectrum of peak A (19728 
± 3 Da), (B) peak B (19672 ± 3 Da), (C) peak C (19720.5 ± 3) (D) peak D (19721 ± 3), and (E) peak E (19777.5 ± 3 Da). The 
spectrum of panel B shows a second major peak of 19688 Da and corresponds to the protein with an oxidized 
methionine (+16 Da). The spectrum in panel D contains small sodium adducts (+23 Da). 
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1 
S L T F D V L Q T V L K A L G D V S R K 

AAGTCTGACCTTCGACGTCCTGCAGACCGTGCTCAAAGCACTCGGTGATGTCAGTAGAAAG 
32 

  I A V G I D N E P G M T W T A M N T Y F 52 
 62 ATTGCCGTCGGTATCGACAACGAGCCGGGCATGACGTGGACCGCAATGAACACATACTTC  
  

122 
R S G T S D V I L P H T V P H S K A L L 

CGTTCTGGTACCTCTGATGTCATCCTTCCCCATACAGTTCCACATAGTAAGGCACTGCTC 
72 

  Y D G Q K N R G P V T T G V V G V I A Y 92 
 182 TACGACGGTCAGAAAAATCGTGGTCCAGTTACGACTGGCGTGGTTGGAGTAATTGCTTAT  A M

 S D G N T L A V L F S I P F D Y N L 
 

112 
 242 GCCATGAGTGATGGAAACACCCTGGCCGTTTTATTCAGCATTCCCTTTGACTATAACCTG  
  Y S N W W N V K V Y K G H R R A D Q A M 132 
 302 TACAGCAACTGGTGGAATGTCAAGGTCTATAAAGGACATAGACGAGCAGACCAGGCGATG  Y E

 E L Y Y D F S P F R G D N G W H T K 
 

152 
 362 TACGAGGAACTCTACTACGATTTCTCTCCATTTCGAGGGGACAATGGCTGGCACACCAAG  
  

422 
S I G Y G L K G R G F M N S S G K A I L 

AGCATTGGATATGGGTTGAAAGGCCGTGGATTCATGAACAGCTCTGGAAAAGCCATACTG 
172 

  Q I H V N K V * 179 
 482 CAAATTCACGTGAACAAAGTTTGAGGTCTTGTTGAAAACAAATCAGTTGAAATGCTGCCT  
 542 CGAGAATACTGATGTAAAACTAGCAATAAATTATAATTTTACCCTGTAAGAACAAGAAAA  
 602 CTAGATCTTCCCGTAACATAAAGACGAATAAAACGAAGCACCCGAAAAAAAAAAAAAAAA  
 662 AAAAAATAGGGATCCAATCAG  

BamHI 

 
B 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

542 CCCCGAGGAAACTGATGTAAAACTAGCTAAAAGACTCTAATTTTACCCTGTAAGACAAAA 
602 AACCTAGATCTTCCCATAACATAAAGACAAATAAAATGAAGCACCAAAAAAAAAAAAAAA 
662 AAAAAAAAATAGGGATCCAATCAG 

BamHI 

Figure 2. Partial cDNA and amino acid sequences. (A) Fra B. (B) FraE. The first 35 nucleotides of FraB, and the 
first 32 nucleotides of FraE correspond to the primers ol_fra3b and ol_fra1 (Supplementary Table S1), 
respectively, and the corresponding amino acids are extracted from the N- terminal protein sequence. 
GenBank accession for FraB and FraE have been deposited under entry codes MK936900 and MK936901, 
respectively. 

 S A D V A G A V I D G 11 
A G L G F D V L K T V L E A L G N V K R 31 

1 TGCAGGTCTGGGCTTCGACGTCCTGAAAACCGTGCTCGAAGCACTCGGTAATGTCAAACGA  
 K I A V G I D N E S G R T W T A M N T Y 51 
62 AAGATTGCCGTCGGTATCGACAACGAGTCGGGCAGGACGTGGACCGCAATGAACACATAC  

 F R S G T S D I V L P H K V A H G K A L 71 
122 TTCCGTTCTGGTACCTCTGATATCGTCCTTCCCCATAAAGTTGCACATGGTAAGGCACTG  

 L Y N G Q K N R G P V A T G V V G V I A 91 
182 CTCTACAACGGTCAGAAAAATCGTGGTCCAGTTGCGACTGGCGTGGTTGGAGTAATTGCT  

 Y S M S D G N T L A V L F S V P Y D Y N 111 
242 TATTCCATGAGCGATGGAAACACCCTGGCCGTTTTGTTCAGCGTTCCCTATGACTATAAC  

 W Y S N W W N V R V Y K G Q K R A N Q R 131 
302 TGGTACAGCAACTGGTGGAATGTTAGGGTCTATAAAGGACAAAAACGAGCAAACCAGAGG  

 M Y E E L Y Y H R S P F R G D N G W H S 151 
362 ATGTACGAGGAACTCTACTACCATCGGTCTCCATTTCGAGGGGACAATGGCTGGCACTCC  

 R S L G Y G L K S R G F M N S S G H A I 171 
422 AGGAGCCTTGGATATGGATTGAAGAGCCGTGGATTCATGAACAGCTCTGGACATGCCATA  

 L E I H V T K A * 179 
482 CTGGAAATTCACGTGACCAAAGCTTAAGATCTTGTTGAAAACAAATCAATTGAAATGCTT  

 HindIII  
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Figure 3. Structure of actinoporins. (A) Degree of disorder of residues in FraB, FraC, and FraE and (B) in several 
actinoporins. The disorder score (Y-axis) was computed with PONDR VLTX [1]. Large PONDR scores 
correspond to highly disordered residues. In several segments, the profile of FraE perfectly overlaps that of 
FraC given the high similarity between them. 

Table 1. Primer sequences used in the amplification of fragaceatoxin sequences. 

 
Table 2. Data collection and refinement statistics. Statistical values given in parenthesis refer to the highest 
resolution bin. 

Data Collection FraE 
Space Group P 1 21 1 

Unit cell 
a, b, c (Å) 

 
55.0, 42.9, 71.9 

α, β, γ (°) 90.0, 97.6, 90.0 
Resolution (Å) 36.7 – 2.22 
Wavelength 1.0000 

Observations 85,841 (12,714) 
Unique reflections 16,687 (2,412) 

Rmerge. 0.16 (0.59) 
Rp.i.m. 0.078 (0.28) 
CC1/2 0.987 (0.800) 

I / σ (I) 7.7 (2.6) 
Multiplicity 5.1 (5.3) 

Completeness (%) 99.9 (100) 
Refinement 

Resolution (Å) 36.7 – 2.22 
Rwork / Rfree (%) 18.7 / 23.0 

No. protein chains 2 
No. atoms  
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Protein 2784 
Solvent 150 

B-factor (Å2)  
Protein 22.8 
Water 23.7 

Ramachandran  
Preferred (%) 90.7 
Allowed (%) 9.3 
Outliers (%) 0 

RMSD bond (Å) 0.014 
RMSD angle (°) 1.83 
PDB entry code 6K2G 

Table 3. Number of residues classified according to conservation and accessible surface area (ASA).a, b, c, d. 

Fragaceatoxins 
Conservation High ASA Partial ASA Low ASA Total % 

Identical High 
Low 

None 

27 46 69 142 
10 
4 
23 

79 
6 
2 

13 

3 3 4 
2 2 0 

12 9 2 
Total 44 60 75 179 100 

Actinoporins 

Identical High 
Low 

None 

10 20 35 65 
41 
15 
58 

36 
23 
8 

32 

5 
3 

14 22 
4 8 

10 26 22 
Total 44 60 75 179 100 

a The degree of conservation was calculated with Clustal Omega [2]. b ASA values of side-chains 
were calculated form the crystal structure of FraC pore (4TSY) using GETAREA [3] and refer to the 
ratio between the ASA of the side-chain and the ASA of the residue in random coil conformation. 
High (ASA ≥ 50 %), partial (ASA from 21 49 %), and low ASA (ASA ≤ 20 %) correspond to different 
degrees of side- chain exposure to solvent [4]. c The first, second, and third residues in the 
sequence were assigned a highly accessible value given their disorder disposition in the crystal 
structure (4TSY). d Cells are color-coded according to residue abundance from low (light 
orange) to high (dark orange). 

Table 4. Number of non-interacting residues classified according to conservation and accessible surface area 
(ASA).a, b, c, d, e. 

Fragaceatoxins 
Conservation High ASA Partial ASA Low ASA Total % 

Identical High 
Low 

None 

19 28 48 95 
7 
4 
21 

75 
6 
3 
17 

2 3 2 
2 2 0 
12 7 2 

Total 35 40 52 127 100 
Actinoporins 

Identical High 
Low 

None 

6 
4 

13 24 43 
30 
14 
40 

34 
24 
11 
31 

10 16 
3 4 7 

22 13 5 
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Total 35 40 52 127 100 
a The degree of conservation was calculated with Clustal Omega [2]. b ASA values of side-chains 
were calculated form the crystal structure of FraC pore (4TSY) using GETAREA [3] and refer to the 
ratio between the ASA of the side-chain and the ASA of the residue in random coil conformation. 
High (ASA ≥ 50 %), partial (ASA from 21 to 49 %), and low ASA (ASA ≤ 20 %) correspond to 
different degrees of side- chain exposure to solvent [4]. c The first, second, and third residues in the 
sequence were assigned a highly accessible value given their disorder disposition in the crystal 
structure (4TSY). d Cells are color-coded according to residue abundance from low (light orange) 
to high (dark orange).e Non-interacting residues are shown in Figure 6 and were obtained from [5]. 

Table 5. Number of interacting residues classified according to conservation and accessible surface area 
(ASA).a, b, c, d, e. 

Fragaceatoxins 

Conservation High ASA Partial ASA Low ASA 
Tota

l % 

Identical 7 19 21 47 90 
High 1 0 2 3 6 
Low 0 0 0 0 0 

None 1 1 0 2 4 
Total 9 20 23 52 100 

Actinoporins 
Identical 4 7 11 22 42 

High 1 4 5 10 19 
Low 0 0 2 2 4 

None 4 9 5 18 35 
Total 9 20 23 52 100 

a The degree of conservation was calculated with Clustal Omega [2]. b ASA values of side-chains 
were calculated form the crystal structure of FraC pore (4TSY) using GETAREA [3] and refer to the 
ratio between the ASA of the side-chain and the ASA of the residue in random coil conformation. 
High (ASA ≥ 50 %), partial (ASA from 21 to 49 %), and low ASA (ASA ≤ 20 %) correspond to different 
degrees of side- chain exposure to solvent [4]. c The first, second, and third residues in the 
sequence were assigned a highly accessible value given their disorder disposition in the crystal 
structure (4TSY). d Cells are color-coded according to residue abundance from low (light 
orange) to high (dark orange).eInteracting residues are shown in Figure 6 and were obtained 
from [5]. These residues correspond to the sum of the lipid-binding and protein-binding 
residues. Note that residues in positions 56, 79, 166, and 167 have both lipid and protein 
interacting partners (Figure 6). 

Table 6. Number of protein-binding residues classified according to conservation and accessible surface area 
(ASA).a, b, c, d, e. 

Fragaceatoxins 
Conservation High ASA Partial ASA Low ASA Total % 

Identical High 
Low 

None 

1 10 11 22 
1 
0 
1 

92 
4 
0 
4 

0 0 
0 0 

1 
0 
0 0 1 

Total 1 11 12 24 100 
Actinoporins 

0 2 4 6 25 
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Identical High 
Low 

None 

0 
0 

2 4 6 
2 
10 

25 
8 
42 

0 2 
1 7 2 

Total 1 11 12 24 100 

a The degree of conservation was calculated with Clustal Omega [2]. b ASA values of side-chains were 
calculated form the crystal structure of FraC pore (4TSY) using GETAREA [3] and refer to the ratio between the 
ASA of the side-chain and the ASA of the residue in random coil conformation. High (ASA ≥ 50 %), partial 
(ASA from 21 to 49 %), and low ASA (ASA ≤ 20 %) correspond to different degrees of side- chain exposure to 
solvent [4]. c The first, second, and third residues in the sequence were assigned a highly accessible value 
given their disorder disposition in the crystal structure (4TSY). d Cells are color-coded according to 
residue abundance from low (light orange) to high (dark orange). e Protein-binding residues are shown 
in Figure 6 and were obtained from [5]. 

Table 7. Number of lipid-binding residues classified according to conservation and accessible surface area 
(ASA).a, b, c, d, e. 

Fragaceatoxins 
Conservation High ASA Partial ASA Low ASA Total % 

Identical 7 10 12 29 91 
High 1 0 1 2 6 
Low 0 0 0 0 0 
None 1 0 0 1 3 
Total 9 10 13 32 100 

Actinoporins 
Identical 4 6 8 18 56 

High 1 2 1 4 13 
Low 0 0 1 1 3 
None 4 2 3 9 28 
Total 9 10 13 32 100 

a The degree of conservation was calculated with Clustal Omega [2].b ASA values of side-chains 
were calculated form the crystal structure of FraC pore (4TSY) using GETAREA [3] and refer to the 
ratio between the ASA of the side-chain and the ASA of the residue in random coil conformation. 
High (ASA ≥ 50 %), partial (ASA from 21 to 49 %), and low ASA (ASA ≤ 20 %) correspond to different 
degrees of side- chain exposure to solvent [4].c The first, second, and third residues in the 
sequence were assigned a highly accessible value given their disorder disposition in the crystal 
structure (4TSY). d Cells are color-coded according to residue abundance from low (light 
orange) to high (dark orange).e Lipid-binding residues are shown in Figure 6 and were obtained 
from [5]. 
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