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SUPPLEMENTAL FIGURE LEGENDS 

Figure 1S. ESI-MS/MS spectra of digested fragments of fraction peak II. Fragments of 1-subunit 

are shown. Different states of proline hydroxylation (Hyp) were assigned. A) 2Hyp on Pro residues 

14 and 18. MS/MS of [M+6H]6+=772.6710 B) 3Hyp on Pro residues 14, 18 and 25. MS/MS of 

[M+6H]6+=775.3385 C) 1Hyp on Pro residue 25. MS/MS of [M+2H]2+=1205.5145 D) MS/MS of 

[M+2H]2+=499.2198. The match tolerance for all spectra were 0.8 Da. All spectra represent key 

fragments characteristic only in 1-subunit. Fragment peptides colors were: Cys 

carbamethylation (green), Hyp (blue). Spectra assignments were directly labeled by Proteome 

Discoverer™ Software (Version 2.0) and/or Thermo BioPharma™ Finder™ (Version 2.0). The 

theoretical MS/MS values were included in the supplementary information. 
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Figure 2S. ESI-MS/MS spectra of digested fragments of fraction peak II. Fragments of 1-subunit 

are shown. A) Fragment that contains theN-terminus Pyro-Glu and a Hyp on Pro-7. MS/MS of 

[M+3H]3+=1052.8461 B) MS/MS of [M+H]+=720.3338 and C) MS/MS of [M+2H]2+=389.1759.  

These three peptides are key fragments characteristic only in 1-subunit. The match tolerance 

for all spectra were 0.8 Da.  Fragment peptides colors were: Cys carbamethylation (green), Hyp 

(blue), Pyro-Glu (Orange). Spectra assignments were directly labeled by Proteome Discoverer™ 

Software (Version 2.0) and/or Thermo BioPharma™ Finder™ (Version 2.0). The theoretical 

MS/MS values were included in the supplementary information. 

Figure 3S. ESI-MS/MS spectra of digested fragments of fraction peak VI. Fragments of 2-subunit 

are shown. Different states of proline hydroxylation (Hyp) were assigned. A) Fragment 

characteristic only in 2-subunit with no Hyp. MS/MS of [M+5H]5+=569.0424 B) 1Hyp on Pro 

residue 25. MS/MS of [M+4H]4+=715.2993 C) Key fragment characteristic only in 2-subunit. 

MS/MS of [M+3H]3+=447.8742 D) Key fragment characteristic only in 2-subunit with 1Hyp on 

Pro-18. MS/MS of [M+2H]2+=564.7593. The match tolerance for all spectra were 0.8 Da. Fragment 

peptides colors were: Cys carbamethylation (green), Hyp (blue). Spectra assignments were 

directly labeled by Proteome Discoverer™ Software (Version 2.0) and/or Thermo BioPharma™ 

Finder™ (Version 2.0). The theoretical MS/MS values were included in the supplementary 

information. 

Figure 4S. ESI-MS/MS spectra of digested fragments of fraction peak VI. Fragments of 2-subunit 

are shown. A) Fragment that contains the N-terminus Pyro-Glu with no Hyp. MS/MS of 

[M+2H]2+=890.4477 B) Fragment that contains the N-terminus Pyro-Gln and a Hyo on Pro-7. 
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MS/MS of [M+2H]2+=898.4457 C) MS/MS of [M+3H]3+=963.4370, D) MS/MS of 

[M+2H]2+=414.2235. Digested fragment NYHLAVK has a deamidation or ammonia loss from the 

asparagine side chain. All spectra represents key fragments characteristic only in 2-subunit. The 

match tolerance for all spectra were 0.8 Da. Fragment peptides colors were: Cys 

carbamethylation (green), Hyp (blue), Pyro-Gln (Orange). Spectra assignments were directly 

labeled by Proteome Discoverer™ Software (Version 2.0) and/or Thermo BioPharma™ Finder™ 

(Version 2.0). The theoretical MS/MS values were included in the supplementary information. 

Figure 5S. Matched fragments obtained by Top-down proteomics of the reduced and alkylated 

α1, α1 and β2-subunits of Cdpi-P. A) Matched ions obtained by EThcD fragmentation of the charge 

[M+10H]10+= 862.1 corresponding to the α1-subunit in fraction II. B) Matched ions obtained by 

EThcD fragmentation of [M+6H]6+= 943.1 corresponding to the α1-subunit in fraction II. C) 

Matched ions obtained by EThcD fragmentation of [M+5H]5+= 1099.1 corresponding to the β2-

subunit in fraction VI. 

Figure 6S. Direct assessment of sPLA2s activities of by mass spectrometry. A) Control experiment 

with only DOPC. B) DOPC incubated with Agkistrodon piscivorous piscivorous (APP) venom. C) 

DOPC incubated with Agkistrodon piscivorous locustoma (APL) venom. D) DOPC incubated with 

C. ermineus injected venom  F) DOPC incubated with C. striatus I.V.   Notice that compared to the 

control, PLA2s hydrolyzes the DOPC (786 Da) to form the lysophospholipid (522 Da). Sodium and 

potassium adducts could be observed. 

Figure 7S. Phylogenetic tree of known conodipines from different cone snails species. 

Conodipines sequences were obtained by a Basic Local Alignment Search Tool (BLAST) search 
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against UniProtKB (91) where all cdpi-Ps were used. The following sequences were selected to 

construct the phylogenetic tree: C. purpurascens-1 to -6, which corresponded to Cdpi-P1 to –P6, 

C. magus-1, which corresponded to Conodipine-M alpha chain (UniProtKB Q9TWL9_CONMA), C. 

lenavati-1 to -3, which corresponded to the conopeptides (UniProtKB A0A0K8TUY3_CONLV, 

A0A0K8TUD7_CONLV, and A0A0K8TTR8_CONLV), C. tribblei-1 to -8, which corresponded to the 

conopeptides (UniProtKB A0A0C9RYL5_9CAEN, A0A0C9S5X4_9CAEN, A0A0C9SEP7_9CAEN, 

A0A0K8TU07_9CAEN, A0A0C9R765_9CAEN, A0A0K8TU01_9CAEN, A0A0C9SEK4_9CAEN, and 

A0A0C9SFM6_9CAEN), C. geographus-1 to -10, which corresponded to the conodipines-G 1-10 

(UniProtKB W4VRW2_CONGE, W4VRZ7_CONGE, W4VSJ3_CONGE, W4VSC8_CONGE, 

W4VS60_CONGE, W4VRW0_CONGE, W4VRZ5_CONGE, W4VSJ2_CONGE, and W4VSC6_CONGE, 

W4VS57_CONGE), C. victoriae-1 to -3, which corresponded to the conodipine-Vc1 to –Vc3 

(UniProtKB W4VSG8_CONVC, W4VSB8_CONVC, and W4VS19_CONVC), C. monile-1, which 

corresponded to the a conodipine fragment (UniProtKB A0A161J284_CONMO). The selected 

sequences were used to construct the phylogenetic tree by the multiple sequence alignment 

algorithm, MUSCLE (92). The scores shown in the phylogenetic tree correspond to a sequence 

distance measure, which is a representation the "length" of the branches and indicative of the 

evolutionary distance between the sequences. 

Figure 8S. Homology modeling of Cdpi-alpha-P5. Homology modeling for all Cdpi-Ps alpha 

subunits was carried out using the SWISSMODEL online server (93). The known structures of two 

PLA2s, Tuber brochii (PDB 4aup.1.A) (94) and Streptomyces violaceruber (PDB 1it5.1.A) (95) were 

used as templates. Molecular graphics and related manipulations were carried out using UCSF 

Chimera beta version 1.11.2 (96). The models obtained with both templates were quite similar 
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for all Cdpi-Ps alpha subunits. All the models obtained using the structure 4aup.1.A as template 

included all cysteine residues but Cys69. The models using the 1it5.1.A as template included all 

cysteine residues but Cys4 and only conodipine-P alpha-5 included the Cys69. Accordingly, 

conodipine alpha-5 models were obtained with both templates and overlaid showing the 

predicted disulfide bridges. Cysteine side chains are labeled in green color. These models suggest 

that the disulfide bridges are between Cys33-Cys47, Cys11-Cys27, Cys4-Cys36, and Cys59-Cys69 

(labeled in red color). It can be inferred that Cys19 would likely be involved in interchain disulfide 

bond with the beta-subunit. The overlay homology models shows the key residues of the active 

site Asp28, His30 and Asp31, which are within in an alpha helix and labeled in orange. 
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Figure 1S (Supplemental) 
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Figure 2S (Supplemental) 
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Figure 3S (Supplemental) 
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Figure 4S (Supplemental) 
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Figure 5S (Supplemental) 
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Figure 6S (Supplemental) 
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Figure 7S (Supplemental) 
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Figure 8S (Supplemental) 

 


