
















































Ricci et al. Antigenic Protein and Peptide Ranker

Figure 3. Performance of APRANK training using balanced or unbalanced data. Performance of
APRANK’s species-specific models for B. burgdorferi and P. gingivalis. ROC curves for each iteration of
training and testing are shown in light gray, and the average curves are shown in green (dashed lines).

Figure 4. Density analysis for the antigenicity scores of T. cruzi. Plots were obtained by analyzing the
proteome of T. cruzi with the leave-one-out generic models, and then distinguishing between antigens and
non-antigens. The figure shows the enrichment score obtained by keeping only the proteins and peptides
with a score greater than 0.6, as well as the amount of antigens and non-antigens that would be inside or
outside that subset.
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Figure 5. Density analysis for the antigenicity scores of Onchocerca volvulus. Plots were obtained by
analyzing the proteome of O. volvulus with the final generic models, and then distinguishing between
antigens and non-antigens. The figure shows the enrichment score obtained by keeping only the proteins
and peptides with a score greater than 0.6, as well as the amount of antigens and non-antigens that would
be inside or outside that subset. The plots correspond to the case where a protein was tagged as antigenic if
it had at least 3 ‘immunoreactive’ peptides (see Results).
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Supplementary Material

1 SUPPLEMENTARY DATA
Antigenic Proteins and Peptides used in this study were submitted separately as Supplementary Material.
The corresponding file is an Excel spreadsheet containing complete listing of antigenic sources (proteins,
peptides), their Uniprot and/or RefSeq identifiers and the corresponding mapping to our input sources
(complete proteomes). File: ricci-aprank-supplementary-data.xlsx.

2 SUPPLEMENTARY TABLES AND FIGURES
2.1 Figures

Figure S1. Coefficient values for the species-specific models for Streptococcus pyogenes serotype M1.
Plots were obtained by recording the coefficient of each predictor in the binomial logistic regression models.
These protein models correspond to the different species-specific models created when re-sampling training
and test sets. One of the 50 models didn’t converge before reaching the maximum iteration limit when
training, and so wasn’t considered.
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Figure S2. Coefficient values for the species-specific models for Trypanosoma cruzi. Plots were
obtained by recording the coefficient of each predictor in the binomial logistic regression models. Different
protein models correspond to the species-specific models created in each iteration when re-sampling
training and test sets. All 50 models converged before reaching the maximum iteration limit when training.
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Figure S3. Coefficient values for the leave-one-out generic models. Plots were obtained by recording
the coefficient of each predictor in the binomial logistic regression models. The different protein models
correspond to each of the 15 leave-out-out generic models used to test APRANK. All 15 models converged
before reaching the maximum iteration limit when training.
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2.2 Tables

Table S1. Versions testing things of the software, packages and modules used to create our
computational method.

Software Version

Ubuntu 16.04

R 3.4.3

ROSE (R package) 0.0.3

pROC (R package) 1.12.1

Perl 5.22.1

BioPerl (Perl module) 1.007002
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Table S2. Third-party software used to retrieve information about the proteins and peptides. The
call being shown corresponds to those to use under Ubuntu 16.04. Words starting with $ symbolize variables
to be replaced by their corresponding values.

Predictor Call Data extracted

BepiPred 1.0 bepipred $fasta file -k >$output file Score per amino acid

BLAST+ 2.2.31
blastp -query $query file -db $db file
-outfmt 6 -out $output file
-max target seqs 2000

Similarity between proteins (used to assign
protein antigenicity)

EMBOSS
6.6.0.0

pepstats -sequence $sequence file
-sprotein1 -aadata Eamino.dat -mwdata
Emolwt.dat -termini -nomono -auto
-outfile $output file

Isoelectric Point and Molecular Weight per
protein

Iupred 1.0 iupred $sequence file short >$output file Score per amino acid

NetMHCIIpan
2.0

netMHCIIpan -a $allele -f $sequence file
-l $peptide length >$output file

%Rank per peptide per MHC II allele used

NetOglyc 3.1d netOglyc $sequence file >$output file Glycosilation presence per amino acid

NetSurfp 1.0 NetSurfp $sequence file -a >$output file
Relative Surface Accessibility, Probability
for Alpha-Helix and Probability for Beta-
strand per amino acid

Paircoil2 paircoil2 $fasta file $output file $error file P-score per amino acid

PredGPI 1.4.3
PredGPI.py $filtered fasta file
>$output file

Presence and start of GPI per protein

SignalP 4.0
signalp -f long -t $organism group
$fasta file $output file

Presence and start of signal peptide per
protein and C and S score per amino acid

TMHMM 2.0c tmhmm $fasta file >$output file
Presence of transmembrane helix per
protein and amino acid participation in it
per amino acid

Xstream 1.71
java -jar $Xstream path/xstream.jar
$sequence file -d$output path/

Start, end, period, copy number and
consensus error per repeat per protein
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Table S4. Comparison between APRANK and a version of APRANK without the the predictor with
highest solo AUC (BepiPred 1.0). The relative AUC gain shows the increase or decrease of the AUC
obtained by APRANK relative to the version of APRANK without BepiPred. In bold we show differences
greater than 5%. Due to the large number of peptides, each individual peptide AUC was calculated as the
mean of 5 pseudo-random subsets of 50,000 peptides (see Methods).

Species Group

Proteins APRANK score Peptides APRANK score
without
BepiPred

AUC

with
BepiPred

AUC

Relative
AUC gain

without
BepiPred

AUC

with
BepiPred

AUC

Relative
AUC gain

B. burgdorferi Gram - 0.777 0.786 1.18% 0.726 0.768 5.78%

B. melitensis Gram - 0.749 0.774 3.39% - - -

C. burnetii Gram - 0.616 0.620 0.61% - - -

E. coli Gram - 0.751 0.754 0.42% 0.743 0.742 -0.07%

F. tularensis Gram - 0.714 0.698 -2.15% - - -

L. interrogans Gram - 0.938 0.947 0.96% 0.646 0.679 5.15%

P. gingivalis Gram - 0.847 0.854 0.75% 0.626 0.665 6.19%

M. leprae Gram + 0.750 0.758 1.04% 0.657 0.692 5.37%

M. tuberculosis Gram + 0.697 0.702 0.66% 0.586 0.586 0.00%

S. aureus Gram + 0.762 0.737 -3.31% 0.751 0.752 0.19%

S. pyogenes Gram + 0.983 0.983 0.04% 0.826 0.838 1.47%

L. braziliensis Eukaryote 0.687 0.709 3.20% 0.928 0.946 1.88%

P. falciparum Eukaryote 0.801 0.807 0.84% 0.753 0.748 -0.73%

T. gondii Eukaryote 0.835 0.837 0.27% 0.585 0.583 -0.47%

T. cruzi Eukaryote 0.869 0.867 -0.29% 0.833 0.843 1.26%
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Table S5. Comparison between APRANK and a ‘BLAST model’. The ‘BLAST model’ worked by
assigning to each protein a score related to how similar they were to a recorded antigenic protein. For the
two species that resulted in a better prediction when using the ‘BLAST model’, we also tested removing
from the BLAST results (and so, from the ‘model’) the species that was the most similar to the one being
analyzed. In bold we show differences greater than 5%.

Species
Proteins

BLAST
AUC

APRANK
AUC

Relative
AUC gain

B. burgdorferi 0.502 0.786 56.60%

B. melitensis 0.637 0.774 21.49%

C. burnetii 0.579 0.620 7.14%

E. coli 0.677 0.754 11.44%

F. tularensis 0.629 0.698 10.92%

L. interrogans 0.499 0.947 89.86%

P. gingivalis 0.544 0.854 57.04%

M. leprae 0.893 0.758 -15.10%

M. tuberculosis 0.591 0.702 18.78%

S. aureus 0.622 0.737 18.56%

S. pyogenes 0.542 0.983 81.26%

L. braziliensis 0.951 0.709 -25.42%

P. falciparum 0.594 0.807 35.77%

T. gondii 0.443 0.837 88.98%

T. cruzi 0.501 0.867 72.95%

M. Leprae (without M. tuberculosis in BLAST) 0.650 - 16.63%

L. braziliensis (without T. cruzi in BLAST) 0.744 - -4.74%

3 FORMULAS

fixedLinearNormalization(x,m,M) =


0 for x ≤ m

x−m
M−m for m < x < M

1 for x ≥ M

 (S1)

sigmoidNormalization05(x, b) = −1 +
2

1 + 3−
x
b

(S2)

sigmoidNormalization09(x, b) = −1 +
2

1 + 20−
x
b

(S3)
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