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Abstract

The study of grape microflora is of interest when autochthonous yeasts, which are related to typical wine characteristics, are
intended to be used in winemaking. The election of matrix-assisted laser desorption-ionization time-of-flight mass spectrometry
(MALDI-TOF MS) as the first method for yeast identification was based on its accuracy and rapidity compared to alternative
laboratory protocols for identification. The aims of this study are to consolidate the MALDI-TOF MS Supplementary database
for environmental yeasts already constructed, to expand it through the addition of standard spectra of not included yeast species,
and to discuss the grape microflora encountered in Southern Brazil. A total of 358 strains, isolated from grape berries, were
submitted to protein profiling employing Biotyper and Supplementary database. Molecular biology techniques were used as
alternatives to identify 6.4% of strains not promptly designated by protein profiling. These strains corresponded to the species
Candida californica, Zygoascus meyerae, Candida akabanensis, Candida azyma, and Hanseniaspora vineae. The MALDI-TOF
MS spectra of the identified species were added to Supplementary database. The presented results strengthen the need for further

expansion of the mass spectra database to broaden its microbiological application.

Introduction

Grape berries surface harbors a diversity of microorganisms
including yeasts, molds, and bacteria. The yeast species com-
monly encountered belong to the genera Hanseniaspora,
Metschnikowia, Pichia, Candida, Kluyveromyces,
Zygossaccharomyces, and Saccharomyces (Fleet 2008;
Settanni et al. 2012; Jara et al. 2016). Saccharomyces
cerevisiae represents the most important species for alcoholic
fermentation of grape must, dominating the process as ethanol
concentration increases. On first stages of fermentation, non-
Saccharomyces species are also present and have a great con-
tribution to wine aroma and complexity (Jolly et al. 2014).
Winemaking can be conducted in a spontaneous manner, in
which only the grape-resident yeasts conduce the process; or
vinification can be carried out by inoculated yeasts either com-
mercial or autochthonous one. The use of autochthonous yeast
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can increase wine typicity and thus regional character (Varela
et al. 2009; Orlic et al. 2010). Brazil are investing in
delimitating its wine producing areas to reinforce the peculiar-
ities of each region (Ramos and Fernandes 2012) and the
research regarding microbial terroir is also an important attri-
bute (Bokulich et al. 2014; Knight et al. 2015). The first geo-
graphical indication for Brazilian wines and sparkling wines
was achieved in 2002 for Vale dos Vinhedos area, located in
Rio Grande do Sul State (Valente et al. 2012).

In this context, the grape microflora of Brazilian wine-
producing areas are being studied over the past few years
but only Saccharomyces cerevisiae strains had been identified,
regarding its main importance to winemaking. The remaining
strains were cryopreserved without identification concerning
their utility for future biotechnological interests. In 2010, these
microorganisms started to be incorporated on a Culture
Collection belonging to Brazilian Agricultural Research
Corporation (EMBRAPA). In that period, all the species
started to be identified before entering the Collection.

The election of MALDI-TOF MS as the main method for
yeast identification was based on its accuracy and rapidity
compared to alternative laboratory protocols for identification
(Marklein et al. 2009; Pan et al. 2011). Moreover, a robust
Supplementary database for protein profiling is being con-
structed focusing on environmental yeasts by our research
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team (Agustini et al. 2014) in order to complement the
Biotyper database (Bruker Daltonics, Bremen, Germany).

Environmental yeast species and their identification may set
a challenge when the type strains are not included in the MS
database, leading to their misidentification as related species
(Marklein et al. 2009; van Veen et al. 2010). It is worth noting
that species identification relies on the comparison of the ob-
tained spectrum from an unknown isolate with a previously
available database. As commercially databases comprise mostly
clinically relevant microorganisms, studies focusing on environ-
mental isolates are required to extend such databases. When a
robust database is employed, the percentage of identification has
been enhanced (Christensen et al. 2012; Lau et al. 2013).

The aims of this study are to consolidate the MALDI-TOF
MS Supplementary database already constructed, to expand it
through the addition of new species spectra and to discuss the
grape microflora encountered in Southern Brazil.

Material and methods
Yeast strains and culture conditions

Three hundred fifty-eight strains were isolated from eight
samples collected in the vineyards located in Rio Grande do
Sul State on five harvests from cultivars Cabernet Sauvignon,
Cabernet Franc, Tannat, and Riesling Italico (Table 1).

Yeast isolation was performed by crushing ripened grapes
in closed and previously sterilized plastic bags. On sterile
conditions, grape juice was diluted to 107 and 107> with
sterile distilled water. One hundred microliters of the dilutions
were plated on must agar (250 mL/L Lorena grape must; 10 g/
L yeast extract; 20 g/L agar). The plates were incubated at
28 °C for 72 h. For each colony type, one or more represen-
tative colonies were subcultured individually.

The pure cultures are deposited in Yeast Culture Collection
(WDCM 1056) of the National Center for Research on Grapes
and Wine (Bento Gongalves, RS, Brazil) belonging to Brazilian
Agricultural Research Corporation (EMBRAPA). An electronic

system named Alelo was created to manage all the
culture collections of this institution and to make this database
available for the international community (http://alelomicro.
cenargen.embrapa.br/InterMicro/Home/index.xjs). Each strain
that enters the Alelo Catalogue receives a universal code
comprising the acronym BRM followed by a sequential number.

The strains have been stored in cryogenic vials at — 80 °C
using 32.5% of glycerol as cryoprotectant. For microorganism
reactivation, the cryogenic vials were defrosted at room tem-
perature. Aliquots of 3 pL were transferred to Petri dishes
containing YEPD medium (10-g/L yeast extract; 20-g/L pep-
tone; 20-g/L dextrose) and were cultured at 25 °C for 2448 h.

Identification of yeast strains

Matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry-based identification

All strains were analyzed by matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI-TOF
MS). The microorganisms were prepared by the cell extrac-
tion method as described previously (Agustini et al. 2014) and
the matrix used was CHCA («-cyano-4-hydroxycinnamic).
MALDI-TOF MS analysis of all strains was performed on a
MicroFlex LRF mass spectrometer (Bruker Daltonics,
Bremen, Germany). The spectra were recorded in the linear
positive mode at a laser frequency of 60 Hz within a mass
range from m/z 2000 to 20,000. For each spectrum, 240 laser
shots in 40-shot steps from different positions of the target
spot were collected and analyzed. The spectra were externally
calibrated by using Escherichia coli ribosomal proteins
(Bruker Daltonics, Bremen, Germany).

To identify an unknown microorganism, the spectrum ac-
quired was loaded with a database (including bacteria and
fungi spectra) and analyzed by the use of a standard
pattern-matching algorithm (Biotyper, Bruker Daltonics,
Bremen, Germany), which compared the spectrum acquired
with those present in the library. FlexAnalysis Software
(Bruker Daltonics, Bremen, Germany) was also used for

Table 1 Information about the

grape samples from which the Grape variety

Sample code (harvest year)

Number of isolates per sample ~ Number of species per

yeast strains were isolated, sample
number of isolates per sample and
number of species per sample Cabernet Franc VVT (1997) 33 4
VVT (1999) 61 8
Riesling Italico VVB (1997) 31 6
Cabernet Sauvignon ~ VVT (2002) 68 5
CNPUV (2002) 55 11
CSPB (2012) 22 4
Tannat TPB (2012) 40 5
TASL (2015) 48 13
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visual inspection and mass spectra processing such as smooth-
ing, normalization, baseline subtraction, and peak picking.
When appropriate, the MALDI-TOF mass spectra was trans-
formed in pseudo gel-view by mMass software (version 5.5.0)
(Strohalm et al. 2008).

For Supplementary database implementation, the Main
Spectra Projection (MSP) was created using four replicates
of six separated colonies from the species to be included in
the user-generated library. The main spectra were generated
considering the 24 spectra obtained and are saved apart from
the Biotyper database (Bruker Daltonics, Bremen, Germany).
A good average is achieved by measurements of a minimum
of 20 spectra, according to the manufacturer orientations
(Maier et al. 2008). The addition of a given reference strain
was made using the [BASP creation” function of the MALDI
Biotyper software (version 3.0) comprising Bruker’s default
parameters (Max. Mass Error of each single spectrum: 2000;
Desired Mass Error for the MSP: 200; Desired Peak
Frequency Minimum: 25%; Ma. Desired Peak Number for
the MSP: 70). This Supplementary database is physically lo-
cated on Mass Spectrometry Laboratory of Genetic Resources
and Biotechnology Unit of EMBRAPA (Brasilia, DF, Brazil).

Molecular biology identification

Strains unsuccessfully identified by MALDI-TOF MS analy-
sis were investigated through RFLP technique employing
PCR products from the ribosomal region spanning the ITS1
(internal transcribed spacer), the 5.8S rRNA gene, and the
ITS2. DNA extractions, PCR, and RFLP experimental condi-
tions were described by Agustini et al. (2014).

To assess the taxonomic identity of the resulting groups of
ITS-RFLP used to create the Supplementary database, the
PCR product of the D1/D2 region of the large subunit (LSU)
of the 268 ribosomal RNA gene of at least one isolate of each
group was sequenced. The sequencing primers employed
were NL-1 and NL-4 (Kurtzman and Robnett 2003).
Sequences were analyzed using Blast search at NCBI (http://
www.ncbi.nlm.nih.gov/blast) and were deposited on
GenBank (accession numbers are given along the text).

Regarding the species Candida diversa, specific primers
were designed and named as 28CANDIV3 (5'-CTTT
AAGTCTTTACCAAAGAGTCGAGTT-3") and
28CANDIV4 (5-CACAATGTGGTTCAAAACTTCTTATC
-3"). The PCR mix was the same as for PCR-ITS.
Amplifications were carried out using the following PCR con-
dition: 94°C for 5 min followed by 33 cycles of 94°C for 30 s,
66.5°C for 45 s, 72°C for 30 s, and a final step at 72°C for
5 min.

Distinction of species with identical restriction profiles or
similar 26S rRNA gene sequences was performed using bio-
chemical reactions (Kreger-van Rij 1984; Barnett et al. 2000)

or PCR-RAPD according to previous literature (Smith et al.
2005).

Results

A total of 358 yeast strains were isolated from grape berries
from eight samples comprising four different varieties in five
vintages years (Table 1).

MALDI-TOF MS employing Biotyper database (version
3.1, Bruker Daltonics, Bremen, Germany), which included
standard spectra from bacteria (5302 MSP) and fungi (690
MSP) species, and also the Supplementary database (35
MSP) constructed elsewhere (Agustini et al. 2014) were used
as the primary identification methodology and only 6.4% of
the strains tested remained without identification. On the other
hand, employing exclusively Biotyper database in this first
round of identification, 44.7% of the strains would be uniden-
tified, reinforcing the importance of a comprehensive in-house
library.

The strains which remained unidentified even with the
Supplementary database already constructed were submitted
to ITS-RFLP to create groups of similar restriction profiles.
From the 23 unidentified strains, five groups were formed. At
least one strain of each group was submitted to domains 1 and
2 sequencing of the 26S nuclear ribosomal gene. The BLAST
search for these strains pointed to the species Hanseniaspora
vineae (Genbank accession number: KX421391), Candida
akabanensis (KP058521), Candida californica (KP058519),
Candida azyma (KX421390), and Zygoascus meyerae
(KX610375).

Considering the strains promptly identified by MALDI-
TOF MS, at least one and at maximum of three strains of each
species identified had their identification confirmed by other
methods, such as PCR-RFLP, sequencing and/or PCR
employing specific primers. This step confirmed the efficacy
of MALDI-TOF MS in discriminating the species predicted,
since all the species pointed out by the second methodology
was compatible with the mass spectrometry previous results.
Most of the species identified by protein profiling presented
ITS-restriction patterns compatible with the ones encountered
in the literature (Guillamon et al. 1998; Esteve-Zarzoso et al.
1999; Bautista-Gallego et al. 2011; Settanni et al. 2012;
Agustini et al. 2014); hence, a third identification technique
was unnecessary. Exception made to strains of the species
Candida diversa and Candida inconspicua, as explained
below.

The analyzed strains of Candida diversa have failed in the
amplification using universal primers ITS1 and ITS4 probably
due to polymorphisms affecting the primer annealing. This
inconvenience was already detected in other rescarch
(Agustini et al. 2014). Concerning the high frequency of this
occurrence between the isolates of Candida diversa in
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Southern Brazil, a pair of specific primers were constructed
using the D1/D2 domain sequence acquired for the strain
1VVT99/BRM 42321 (KJ173775), in order to simplify this
identification when amplification of ITS1/ITS4 failed. The
expected amplicon size was 292 bp. The specificity of the
designed primers was tested in vitro by performing a search
on BlastN and when optimizing the PCR conditions, a posi-
tive and negative control were always present. Figure 1 dem-
onstrates the amplification in 292 bp of two positive controls
that correspond to strains of Candida diversa, and expounds
the inability of the designed pair of primers to amplify five
other species used as negative controls (Fig. 1). Hence, all the
strains identified as Candida diversa by MALDI-TOF MS
had their identity confirmed by the amplification with these
specific primers.

Still in the context of confirming MALDI-TOF MS identi-
fications, the two strains identified as Candida inconspicua
(standard spectrum in Biotyper database acquired from DSM
70631) revealed a restriction pattern not compatible to the one
described by Frutos et al. (2004). The strains of the present
study have shown a 480-bp ITS-amplicon and the following
fragmentation with the endonucleases Cfol (170, 100, 90 bp),
Haelll (320, 80 bp), and Hinfl (280, 200 bp). Since the
abovementioned restriction pattern was compatible with the
species Pichia membranifaciens (Villa-Carvajal et al. 2006;
Stringini et al. 2008), D1/D2 domain sequencing was done
to resolve this impasse and endorsed the PCR-RFLP result.
P membranifaciens (standard spectrum in Biotyper database
acquired from CBS 107) was the second best match pointed
out by Biotyper database as a possible identification for the
strains of the present study. This similarity on protein profiling
between C. inconspicua and P. membranifaciens was careful-
ly investigated and the information collected from the website
of DSMZ (German Collection of Microrganisms and Cell
Culture) indicated an update on the information received by
the depositor concerning the strain DSM 70631, reclassifying
it as P. membranifaciens. Hence, protein profiling

12 3 4m¢6 7 8

1500bp

500bp
292 bp

100bp —

Fig. 1 Electrophoretic profile of amplicons resulting from designed
primers 28candiv3 and 28candiv4. Line 1: Issatchenkia terricola
24VVT97/BRM 41725; line 2: Hanseniaspora uvarum 15VVB97/
BRM 41705; line 3: Issatchenkia hanoiensis S9VVT99/BRM 42356; line
4: Pichia galeiformis 14TASL15/BRM 33362; line m: 100 bp ladder; line
6: Candida diversa 1VVT99/BRM 42321; line 7: Candida diversa
44TASL15/BRM 36498; line 8: Saccharomyces cerevisiae 1VVT97/
BRM 4687
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identification was precise; the drawback was on the outdated
denomination of the strain present in Biotyper database (ver-
sion 3.1).

All yeast strains isolated from the eight grape samples an-
alyzed belong to 22 different species that are described in
Table 2 along with their frequency and their relative abun-
dance. Hanseniaspora uvarum and Issatchenkia terricola,
both with a frequency of 75%, were the most frequent species
on the studied samples, followed by Hanseniaspora opuntiae
and Saccharomyces cerevisiae. Regarding the relative abun-
dance, the species Pichia myanmarensis followed by
Hanseniaspora uvarum were the most abundant among the
samples.

Discussion

The 22 different species recovered in this study are predomi-
nant yeasts on grape microflora (Fleet 2003; Barata et al.
2012; Jara et al. 2016) with the exception of Pichia
galeiformis, Pichia myanmarensis, Candida akabanensis,
and Candida azyma. Pichia galeiformis was found on table
olive (Rodriguez-Gomez et al. 2010; Bautista-Gallego et al.
2011). Pichia myanmarensis was reported as inhabitant of
sugar palm (Nagatsuka et al. 2005). Candida akabanensis
was first isolated from insect frass in bark of a grapevine
(Nakase et al. 1994) and was also encountered in sugarcane
leaf (Limtong et al. 2014). Candida azyma was first reported
to be associated with the sugarcane crop (de Azeredo et al.
1998) and more recently was retrieved from grape berries of
Bangalore blue and Cabernet varieties in India (Chavan et al.
2009).

From the 358 yeast strains isolated and analyzed, 93.6%
have been successfully identified by MALDI-TOF MS. All
the strains identified by mass spectrometry have showed a log-
score > 1.9 for identification while the value that is considered
for the species identification boundary by manufacturer rec-
ommendations is >2.0. However, the log score values at 1.9
has been indicated as reliable in previous work (Agustini et al.
2014), when employing only the manufacturer database.
Moreover, Stevenson et al. (2010) affirmed that all organisms
that had a spectral score of 1.8 or greater has been successfully
identified at species level. Pinto et al. (2011) also pointed out
that all the genus identification (> 1.7 and < 2.0) in their study
also resolved isolates to the correct species designations.

It is worth noting that the Supplementary database have
favored the achievement of log scores values above 2.0.
Considering the first 30 strains of Saccharomyces cerevisiae
identified in this work employing Biotyper database, 57% of
them achieved log scores above 2.0, while the others 43%
resulted in values between 1.9 and 2.0. When the same spectra
were confronted to the Supplementary database, where one of
our strains, named 1VVT97, was added as a standard
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Table 2 Species encountered on
the eight analyzed grape samples
with their frequency and mean

relative abundance. The presence

of the species on Biotyper or
Supplementary databases are also
indicated

Species Biotyper Supplementary Frequency* Mean relative
database database (%) abundance
X 38 2.0
X 25 34
X 13 0.3
X 25 1.1
X 50 7.0
6. Pichia membranifaciens 25 0.6
7. Pichia occidentalis X 13 0.3
8. Starmerella bacillaris 13 0.8
9. Hanseniaspora opuntiae 63 39
10. Hanseniaspora uvarum X 75 20.1
11. Issatchenkia hanoiensis 13 0.8
12. Issatchenkia terricola X X 75 9.2
13. Metschnikowia pulcherrima X 13 0.8
14. Issatchenkia orientalis X 13 2.8
15. Pichia X 25 2.5
galeiformis/manshurica
16. Meyerozyma guillermondii X 40 2.8
17. Pichia myanmarensis 50 26.3
18. Saccharomyces cerevisiae X X 63 10.1
: A 25 2.0
20. Zygossaccharomyces X 13 0.8
bisporus
21. Zygossaccharomyces bailii X 13 14
I S X 38 1.1

*Frequency = (number of samples containing a certain species/number of grape samples)x 100

**Mean relative abundance = number of isolates from a certain species/total number of isolates

Species in bold were included in Supplementary database in the present study

spectrum for Saccharomyces cerevisiae, 90% of the 30 strains
achieved log scores above 2.0. Christensen et al. (2012) also
have demonstrated the increase in the log score values after
incrementing the manufacturer database. In the same context,
Lau et al. (2013) have developed a clinically comprehensive
database for filamentous fungi identification and noted that,
when employing an in-house database, the log score boundary
established by the manufacturer could be maintained above
2.0 for species designation.

Considering the strains identified promptly by MALDI-
TOF MS employing Biotyper and Supplementary database
already constructed (Agustini et al. 2014), a confirmation
stage was performed with at least one and a maximum of three
strains from the 17 species designated. PCR-RFLP confirmed
all the identifications except for the species Candida diversa
that failed on the ITS1/ITS4 amplification, as
abovementioned.

Regarding the 23 strains (6.4%) that remained without
identification by protein profiling, the technique of ITS-
RFLP was applied to gather them according to their restriction
patterns and posterior D1/D2 26S rDNA sequencing of at least

one strain of each cluster was performed. In Table 3, the clos-
est match resultant of BlastN search are presented. All the
species identified demonstrated similarity >98%, boundary
considered appropriate for identification purposes (Kurtzman
and Robnett 2003; Gayevskiy and Goddard 2012).

The ITS-RFLP method is a broadcast technique for the
identification of yeast species (Guillamén et al. 1998;
Esteve-Zarzoso et al. 1999; Pham et al. 2011). This technique
has a low cost when compared to sequencing, but has a dis-
advantage due to the frequent intraspecies variability and to
the similar patterns relating to species with close genetic prox-
imity. Regarding this last issue, the species Zygoascus
meyerae had its RFLP profile not encountered in the literature
for comparison; however, its fragmentation was almost iden-
tical to the fragmentation of Zygoascus hellenicus (Barata
et al. 2008) when endonucleases Cfol, Haelll, and Hinfl were
employed. D1/D2 sequencing of the strain 13CNPUV02/
BRM 42309 resulted in similar matches for both Z. meyerae
and Z. hellenicus (Table 3). According to Smith et al. (2005),
these species comprise the Zygoascus clade and could not be
distinguished physiologically either. These authors suggest
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Table 3  Size in bp of the ITS-PCR products, the restriction fragments of the species present in the yeast collection analyzed and closest matches from
FASTA searches
Isolates (accession numbers) ITS-PCR sizes  Size of restriction fragments (bp) Identity/query  Closest match (accession number)
(bp) Cfol Haelll Hinfl cover (%)
Candida akabanensis 390 200, 180 390 200, 190 99/100 Candida akabanensis (EU100744.1)
‘3‘2’0‘?‘335[{81\5’121 98/96 Candida dosseyi (FI614694.1)
( ) 93/98 Candida blattae (F1614695.1)
Candida azyma 450 195, 185 450 230, 200 99/99 Candida azyma (JN004198.1)
11TASL15/BRM 41458
(KX421390)
Candida californica 430 220,90, 50,40 330,80 230,200 99/100 Candida californica
75VVT02/BRM 42308 (IN615563.1)
(KP058519)
Zygoascus meyerae 650 320, 320 630 340, 170, 130 100/99 Zygoascus meyerae
13CPUV02/BRM (KT175535.1)
42309 (KX610375) 100/98 Zygoascus hellenicus
(AB719056.1)
Hanseniaspora vineae 750 280, 160, 140 690 390, 380 99/100 Hanseniaspora vineae
20TASL15/BRM (KU316707.1)
40909 (KX421391)

PCR-RAPD as a possible alternative for the differentiation of
these species. Employing primer M13, the strains analyzed in
the present study resulted in similar pattern (data not shown)
as the strains of Z. meyerae CBS 6173, CBS 8425, and CBS
7115 presented by Smith et al. (2005), corroborating the best
match on sequencing results.

Pichia myanmarensis is a new species described by
Nagatsuka et al. (2005) that has demonstrated high similarity
with Wickerhamomyces anomalus concerning to 26S rDNA
D1/D2 domain sequencing. This statement was evidenced
when evaluating the D1/D2 sequence of our strain
7CNPUV02/BRM 43355 (KJ173777) which showed 100%
of identity with entry P. myanmarensis (AB1126678.1) and
99% with the entry W. anomalus (EF694618.1). Besides the
similarity encountered on D1/D2 domain, the ITS-RFLP pro-
files of these species were divergent especially concerning to
the cleavage from endonuclease Hinfl. P myanmarensis pre-
sented fragments on 320, 180, and 120 bp (Agustini et al.
2014) and W. anomalus has showed a double fragment on
315 bp (Stringini et al. 2008; Lv et al. 2013). Regarding phe-
notypic approaches, the MALDI-TOF MS protein profiling
technique has showed a greater capability of distinguishing
both species, as demonstrated on the dendrogram based on
protein mass patterns (Fig. 2). In this figure, the relatedness
is clear between the mass signals of the spectra for the seven
strains of W. anomalus present on Biotyper database; but all of
them showed a completely different mass signal pattern when
compared to the standard mass spectrum obtained for
P. myanmarensis that was included in the Supplementary da-
tabase previously (Agustini et al. 2014). This outcome rein-
forces the advantages of using MALDI-TOF MS for species
differentiation. Beyond all the evidence pointing out for the
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P. myanmarensis strain, biochemical tests had also been per-
formed to guarantee the identity of the species. The strains of
P. myanmarensis showed ability to assimilate D-arabinose and
ability to grow at 40 °C, characteristics that distinguished it
from W. anomalus (Nagatsuka et al. 2005).

Zygoascus meyerae had its ITS-RFLP profile described for
the first time in this study, the same holds for the species
Candida akabanensis, Candida californica, and Candida
azyma (Table 3).

When the BlastN analysis was performed with the strain
33VVT99, it has showed 99% of identity with the species
Candida akabanensis with 100% of query cover; it has also
revealed 98% of similarity for the species Candida dosseyi
ATCC MYA-4359 with 98% of query cover; and 93% of
identity with the species Candida blattae ATCC MYA-4360
with 98% of query cover. These results were not unexpected,
Ribeiro etal. (2011) and Sipiczki (2011) have already showed
the genetic similarity between these three species. These sim-
ilarities were also reflected on MALDI-TOF MS analysis. The
strain C. blattae CBS 9871T, present in Biotyper database, has
also been indicated as a second best match for the seven
strains belonging to C. akabanensis species. Strains of the
species C. dosseyi were absent in Biotyper database (version
3.1) to allow phenotypic comparison. This outcome reinforces
that the similarity between C. akabanensis and C. blattae are
verified both genetically and phenotypically, as the identifica-
tion by mass spectrometry technique are mainly due to the
analysis of ribosomal proteins (Mehta and Silva 2015). The
insertion of more entries belonging to these three similar spe-
cies would be interesting to search for biomarkers for each
species, allowing a more discriminatory protein-profiling
identification.
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The strains that MALDI-TOF MS were not capable of
identifying in the first attempt belonged to absent species ei-
ther on the manufacturer or supplementary database. Once the
strains were identified by molecular biology techniques, a
standard spectrum of each species was added to the
Supplementary database to expand it. After that, all the strains
analyzed were tested for a second time against the
incremented database and were correctly designated. Each
species has showed a particular protein profile in the mass
spectra acquired that permits its differentiation from the other
added species (Fig. 3A). When the mass spectra are trans-
formed in pseudo gel-view (barcode), it becomes easier to
verify the differences in m/z ratios of the different species
added to Supplementary database (Fig. 3B).

Protein profiling by MALDI-TOF MS has been proved to
be an accurate and fast technique for microorganism identifi-
cation once the microorganisms tested belong to a species
already included in the database. The continual expansion of
the mass spectra database is desirable to consolidate the
strengths and weaknesses of this technique. It has been dem-
onstrated here that mass spectrometry was crucial for the iden-
tification of the species P myanmarensis. On the other hand,
C. akabanensis presented mass fingerprint too similar to
C.blattae requiring more refined analysis to its differentiation.
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