
 



Supplementary Figure 1 

Characterization of LysargiNase, trypsin and Lys-N missed cleavages. 

(a) Proportion of peptides identified in LysargiNase and trypsin digests of MDA-MB-231 cell lysates carrying 0, 1, 2 or 3 missed 
cleavage sites. (b) IceLogos show unique cleavage sites, inferred from both ends of peptides identified in LysargiNase or trypsin-
digested MDA-MB-231 proteomes (this study) or from peptides identified in Lys-N digested HEK293 cell lysates reported by Raijmakers 
et al.12, normalized to the amino acid abundance in the human proteome; iceLogos showing sequence context surrounding missed 
LysargiNase or trypsin cleavage sites at Arg or Lys and missed Lys-N cleavages sites at Lys, (c) normalized to the natural amino acid 
abundance in the human proteome and (d) normalized to cleavage sites identified for each enzyme. 
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Supplementary Figure 2 

LysargiNase activity in common proteomics conditions and solutions and at different temperatures. 

LysargiNase activity was assayed after 30 min incubation with resorufin-labeled casein (enzyme:substrate ratio 1:400 w/w) at 37 °C in 
50 mM HEPES, 10 mM CaCl2, pH 7.5 with added indicated concentrations of (a) NaCl and reducing agents DTT and TCEP, (b) organic 
solvents methanol (MeOH) and acetonitrile (ACN), (c) the detergent RapiGestTM and denaturing concentrations of urea and (d) 



denaturing chaotropic agents urea with thiourea and guanidine alone. Significance of difference to incubation at control conditions was 
tested with two-tailed Student’s t-test (n = 3, * p < 0.05). (e) Incomplete LysargiNase digestion of human MDA-MB-231 cell lysate at 37 
°C under enzyme-limited conditions (enzyme:proteome 1:100 w/w) so as to semi-quantitatively monitor differences in proteome digest 
in the presence of detergents, organic solvents and reducing agents. Note that enzymatic activity in the presence of reducing agents is 
restored by quenching with the alkylating reagent iodoacetamide (IAM) added after reduction. (g) LysargiNase activity assayed after 30 
min incubation with resorufin-labeled casein substrate (enzyme:substrate ratio 1:400 w/w) in 50 mM Hepes, 10 mM CaCl2, pH 7.5 at the 
indicated temperatures. Significance of difference to incubation at 25 °C was tested with two-tailed Student’s t-test (n = 6, * p < 0.05). 
(h) Comparison of human MDA-MB-231 cell lysates digestion with LysargiNase at different enzyme:proteome ratios at 37 °C and 50 °C. 

 



 
Supplementary Figure 3 

MALDI-TOF based exopeptidase activity assay with synthetic peptides. 

The synthetic peptides (a) RGPANL↓KGR, (b) RGISEVNLDAEF↓RH, and (c) RGPANLIG↓R revealed tri-, di- and mono-
carboxypeptidase activity of LysargiNase, respectively. Samples after overnight incubation with (w/w 50:1; right panel) and without (left 
panel) LysargiNase are shown. The cleavage product of RGPANLIG↓R was subsequently analyzed using a MALDI TOF/TOF tandem 
mass spectrometer, revealing a b-ion dominated fragmentation spectrum with a prominent arginine b1-ion (m/z 157) and no arginine 
y1-ion (m/z 175), ruling out aminopeptidase activity (not shown). 

 



 
Supplementary Figure 4 

MALDI-TOF based exopeptidase activity assay. 

A tryptic BSA digest (a) was used to assay LysargiNase (b) for amino- and carboxypeptidase activities. No aminopeptidase activity was 
observed, but two peptides (m/z 689.3260 and 1439.8773, indicated in blue) out of 10 tryptic BSA peptides were C-terminally 
processed indicating minor arginyl-carboxypeptidase activity. A LysargiNase autolytic peptide is indicated in black (m/z 916.3680; 
REMPMPR). 

 



 



Supplementary Figure 5 

In-gel digests of bovine beta-casein and bovine serum albumin. 

Peptides identified by LC-MS/MS using beam-type CID after in-gel digestion of bovine beta-casein with (a) LysargiNase or (b) trypsin 
and bovine beta-casein with (c) LysargiNase or (d) trypsin. Peptides identified by Mascot database searches are highlighted in red, 
Mascot protein identification score and sequence coverage are indicated. 

 

 

 



 

Supplementary Figure 6 

Complementarity of LysargiNase and Trypsin in shotgun proteomics. 

(a) Box plots of the ratios of b-type to y-type fragment ions observed in 8,463 ion trap CID peptide spectrum matches for trypsin and 
5,474 for LysargiNase (FDR < 0.01). The centerlines show the medians, box limits indicate the 25th and 75th percentiles, whiskers 
extend to the 5th and 95th percentiles, and outliers are represented by dots. Significance of the difference was tested using the two-
tailed Student’s t-test (*** P < 0.001). (b) Overlap of peptide sequences identified after trypsin or LysargiNase cleavage of proteomes. 
For comparison, N- or C-terminal basic residues were removed from the peptide sequences identified from LysargiNase and trypsin 
datasets, respectively. 



 



Supplementary Figure 7 

Examples of peptide fragmentation spectra with overlapping sequences but differential placement of identical basic residues. 

(a-d) Peptide ion trap CID fragmentation spectra from LysargiNase-digested MDA-MB-231 cell lysates peptides (left panels) and 
corresponding peptide fragmentation spectra from trypsin-digested MDA-MB-231 cell lysates covering the same protein sequence (right 
panels). Spectra are shown as matched to peptide sequences and annotated by MaxQuant v1.4.12. 



 



Supplementary Figure 8 

Examples of peptide fragmentation spectra with overlapping sequences but differential placement of varying basic residues. 

(a-d) Peptide ion trap CID fragmentation spectra from LysargiNase-digested MDA-MB-231 cell lysates peptides (left panels) and 
corresponding peptide fragmentation spectra from trypsin-digested MDA-MB-231 cell lysates covering the same protein sequence (right 
panels). Spectra are shown as matched to peptide sequences and annotated by MaxQuant v1.4.12. 



 
Supplementary Figure 9 

Effect of a-ions on spectral quality and Comet XCORR scores. 

(a) Beam-type CID MS/MS spectra of the LysargiNase peptide RLLVDCYSPVE (top panel) and corresponding tryptic peptide 
LLVDCYSPVER (bottom panel). The tryptic peptide exhibits strong and extensive y-ion fragments whereas the LysargiNase-derived 
peptide exhibits strong b-ion and a-ion fragments. (b) Increase in Comet XCORR score by inclusion of a-ions during searches, plotted 
as % increase. Inclusion of a-ions during scoring with Comet using beam-type CID fragmentation increased scores for LysargiNase-
derived peptides by 33% (left panel), significantly stronger than for tryptic peptides (right panel), where scores increased only by 15% 
(P < 0.0001 two sided t-test, one of two replicates shown). Notably, inclusion of a-ions did not affect the number of identifications, solely 
their confidence. 



 
Supplementary Figure 10 

Protein C-terminal peptides identified from LysargiNase-digested MDA-MB-231 cell lysates. 

(a-f) Selected exemplary ion trap CID peptide fragmentation spectra matched to protein C-terminal peptide sequences and annotated 
by MaxQuant v1.4.1.2. 



 

Supplementary Figure 11 

LysargiNase and Trypsin facilitate identification of different phosphorylation motifs in phosphoproteomics. 

(a) Phosphorylation motifs identified by motif-x and their prevalence in among high confidence phosphopeptides, with a localization 
probability > 0.75 identified by MaxQuant at an FDR < 0.01 from trypsin and LysargiNase-digested human MDA-MB-231 cell lysates (*P 
< 0.05, **P < 0.01, ***P < 0.001, two-tailed Student’s t-test). (b) Match of kinase specificity with identified phosphorylation motifs as 
extracted from the human protein reference database (HRDB). (c) Relative change in abundance of phosphorylation motifs following 
stimulation by 12-O-tetradecanoylphorbol-13-acetate (PMA) for 5 and 20 min. 



 



Supplementary Figure 12 

Examples of corresponding phosphopeptides identified both in LysargiNase and tryptic digests of MDA-MB-231 cell lysates. 

(a-e) Selected ion-trap CID spectra from LysargiNase generated peptides (left panels) show stronger b-ions series and generated 
higher Andromeda scores and higher phosphosite localization probabilities than corresponding spectra from tryptic peptides (right 
panels). Within each peptide sequence phosphosite localization probabilities are enclosed within brackets to the right of each modified 
residue. Spectra are shown as matched to peptide sequences and annotated by MaxQuant v1.4.12. 



 
Supplementary Figure 13 

Monomethylated peptides identified from LysargiNase-digested MDA-MB-231 cell lysates. 

Exemplary ion trap CID fragmentation spectra matching peptides containing (a-c) mono-methylated Lys or (d-f) mono-methylated Arg, 
identified and annotated by MaxQuant v1.4.1.2. 



 
Supplementary Figure 14 

Dimethylated peptides identified from LysargiNase-digested MDA-MB-231 cell lysates. 

Exemplary ion trap CID fragmentation spectra matching peptides containing (a, b) di-methylated Lys or (c-f) di-methylated Arg, 
identified and annotated by MaxQuant v1.4.1.2. 



 
 

Supplementary Figure 15 

LysargiNase facilitates identification of peptides with methylated and dimethylated arginine and lysine residues. 

(a) Structural model depicting a possible interaction between a dimethylated lysine side chain and the LysargiNase S1' pocket. This 
model is based on the experimental crystal structure of the enzyme with an arginine-valine dipeptide occupying the S1‘ and S2‘ positions 
(pdb access code 2CKI13). (b) Peptides with methylated or dimethylated arginine and lysine as a proportion of all peptides identified in 
shotgun proteomics analysis of human MDA-MB-231 cell lysates using ion trap CID fragmentation (n = 4). White, tryptic digests; grey, 
LysargiNase digests. Center lines show the medians, box limits indicate the 25th and 75th percentiles, whiskers extend 1.5 times the 
interquartile range from the 25th and 75th percentiles, and outliers are represented by dots. Significance of the difference between 
LysargiNase and trypsin datasets was tested with two-tailed Student’s t-test (* p < 0.05, *** p < 0.001). 
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