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Abstract

Summary: MALDI-TOF MS is a rapid, sensitive and economic tool for bacterial identification.
Highly abundant bacterial proteins are detected by this technique, including ribosomal proteins
(r-protein), and the generated mass spectra are compared with a MALDI-TOF MS spectra database.
Currently, it allows mainly the classification of clinical bacteria due to the limited number of envir-
onmental bacteria included in the spectra database. We present a wide-ranging bacterium classi-
fier tool, called Ribopeaks, which was created based on r-protein data from the Genbank. The
Ribopeaks database has more than 28 500 bacterial taxonomic records. It compares the incoming
m/z data from MALDI-TOF MS analysis with models stored in the Ribopeaks database created by

machine learning and then taxonomically classifies the bacteria.
Availability and implementation: The software is available at http://www.ribopeaks.com.

Contact: mazeretto@uepg.br

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Matrix-Assisted Laser Desorption Ionization—Time-Of-Flight Mass
Spectrometry (MALDI-TOF MS) is a promising, rapid and quite in-
expensive tool for the bacterial identification, based on the gener-
ation of mass spectra from whole cells (Hsieh ez al., 2008). In this
technique, proteins with mass range of 2-20 kDa are used to identify
a particular microorganism by matching its peptide mass fingerprint
(PMF) pattern with the PMFs contained in a database (Sedo et al.,
2011; Singhal et al., 2015; Welker and Moore, 2011). Several
databases have been created and demonstrated to be suitable for
high-throughput routine analysis in medical laboratories, replacing
the traditional biochemical or molecular techniques (Sauget et al.,
2017). The limitation of this technology is that identification of
new isolates is possible only if the spectra database contains
the PMF of specific genera/species/subspecies/strains. Currently,
the MALDI Biotyper (Bruker Daltonics), the largest and most
elaborated spectral database, includes more than 1800 bacterial
species in approximately 4381 registers (Bohme ez al., 2012).

Although microbial identification is carried out with a high percent-
age of correct identification, limited spectral information is provided
for non-clinical samples. In addition, there are only few studies
applying whole-cell MALDI-TOF MS to analyze microbial diversity
of environmental samples (Dieckmann ez al., 2005; Ferreira et al.,
2011; Ghyselinck et al., 2011; Munoz et al., 2011; Stets et al.,
2013). The environmental whole-cell MALDI-TOF MS is a power-
ful technique for biotechnological applications due to its capability
to rapidly characterize microorganisms in a number of areas such as
biodefense, environmental monitoring, agricultural stewardship,
food quality control, occupational safety and culture typing
(Demirev and Fenselau, 2008).

Based on the fact that about 60-70% of the dry weight of a mi-
crobial whole-cell is represented by ribosomal proteins (r-proteins)
and that the r-proteins create a characteristic pattern in MALDI-
TOF spectra (Singhal et al., 2015), we created a spectral database
using r-protein data from the GenBank and used it for bacterial
taxonomic classification. As the GenBank sequence database offers
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an open access to all annotated public available nucleotide and pro-
tein sequences (Benson ef al., 2017), the developed tool, called
Ribopeaks, provides a wide-range bacterium classification, includ-
ing clinical and environmental bacteria samples.

2 Approach

In order to generate a model based on r-proteins information, all of
the data referring to r-proteins (30S and 50S) were downloaded
from the GenBank on 06/13/2016 through the API Entrez
Programming Utilities (E-utilities). A total of 2 807 341 amino acid
sequences of 57 different r-protein families were downloaded utiliz-
ing the ‘fasta’ file format.

The amino acid sequences were converted into molecular masses
using the atomic weights of the elements and considering the post-
translational changes present in prokaryotic proteins as acetylation,
methylation and glutamate addition (Yutin et al., 2012).
Subsequently, a training database was created with 28 505 taxo-
nomic records belonging to 6936 species and 1949 genera.
Paralogous r-proteins were analyzed at the specie level for determin-
ation of pattern data m/z.

The Weka program (Frank et al., 2016), using the Naive Bayes’
algorithm, was applied to build the model, as it assumes complete
independence among the different r-proteins (Supplementary Fig.
S1A and Supplementary Table S1; Langley et al., 1992). As the m/z
data showed non-normal distribution, kernel density estimator was
used (John and Langley, 1995). The algorithm generated a model
for classification, providing a standard deviation and a group of
means (kernels) for every r-protein of each specie or genus provided.
Then, the outputted model, called Ribopeaks Genus or Specie
model, was used to perform the classification in the web tool.

3 Description of software

Ribopeaks software searches for matches between the inputted
r-proteins m/z data (query peaks) and the subjected peaks from
Ribopeaks Genus or Specie model. In these models, all taxonomic
records of the Ribopeaks Database are used to generate an r-protein
mass map at genus or specie level through machine learning. In add-
ition, the software can also perform the taxonomic classification at
strain level. In this option, the software performs a Direct Match
(DM) with the Ribopeaks Database. Results show the Deepest
Taxonomic Classification (DTC) from the GenBank.

To find a match, Ribopeaks calls the function f(p) (see
Equation 1). f(p) analyzes the value of each query peak (p), its corre-
sponding subjected peak (u) in the Ribopeaks Genus or Specie model
or in the Ribopeaks Database, and the mass tolerance error (o)
informed by the user.

{ true, if (p € [(u— o), (n+0)])

false, otherwise.

fp) = )

Once there is a match, the software calculates the query peaks’
probability of being the subjected ones from Ribopeaks Genus or
Specie model or from Ribopeaks Database. Posteriorly, the ten bac-
terial taxa that presented more peaks in common (and less devi-
ation) with the query data return to the user in descending order of
probability.

Each result comes with four types of indicators: (i) score (indi-
cates the confidence of the taxonomic classification); (ii) partial par-
ity (indicates how close the query peaks are from the subject ones);
(iii) total parity (indicates the coverage of matched masses with

the Ribopeaks Genus/Specie model or Ribopeaks Database); and
(iv) density probability (indicates the contribution of each match to
the final score) (Supplementary Fig. S1B). The Ribopeaks also gener-
ates a relative spectral graph for each taxonomic classification
(Supplementary Fig. S1C).

The Ribopeaks interface is showed in Figure 1 and more details
about the inputs, metrics and characteristics of the software are
available in a User Manual at the Ribopeaks website (http:/www.
ribopeaks.com).

Welcome to Ribopeaks
Please send yours peaks separated with ";"

Ex: 24447.31,29992.54;22641.04,22337.64;20133.56;19450.29

Genus ® Specie Strain (DTC) 3 Da

Analyse Peaks

Fig. 1. Ribopeaks interface. lllustration of the software interface adapted to be
used even in small screens such as mobile cellphones. There is a box to type or
paste the MALDI-TOF my/z values result, three options of search (at the Genus,
Specie or Strain level), and a box at which to add the mass tolerance error
allowed in the current analysis. It is available at http://www.ribopeaks.com

The m/z values of 13 r-proteins from 116 environmental bacterial
strains (Ziegler et al., 2015) were analyzed by Ribopeaks. These data
were not previously used to train the database learning model. As a
result, the software correctly ranked 111 strains (95.68%) at the spe-
cie and genus levels. At the specie level, 102 strains (87.93%) were
correctly classified in the first position, and nine strains (7.75%) were
classified in the second to tenth positions. For the genus level, 105
strains (90.51%) were correctly classified in the first position, and six
strains (5.17%) were classified in the second to tenth positions.
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