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Matrix assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) has revolutionized microorganism identification. Studies have applied
this technology for identification of clinical isolates and verified its speed, high-throughput
and cost effectiveness. Species from industries might be different with those of clinical
isolates, and identifications of industrial bacteria are rarely reported. In this study, we
applied this technology for industrial bacteria identification. We collected 152 strains
from consumer goods industries, which scored lower than 2.0 (unreliable at species
level). The strains were further analyzed by 16S rRNA and housekeeping gene sequence
analysis, and physiological and biochemical analysis where necessary. The accuracy of
MALDI-TOF MS identification highly depends on the scale of the spectra database. By
enriching the database with the obtained mass spectrometry data (spectra and
identifications), industrial isolate identifications can be improved by MALDI-TOF MS.
This will enhance the robustness of this system beyond its current exceptional performance
that includes use for in vitro diagnostics.

Keywords: MALDI-TOF MS; Consumer goods; Bacteria; Identification.

Vol. 10(3), p. 1701-1714

Bacteria identificationisroutinely carried
out by 16S rRNA gene sequence analysis,
supplemented with housekeeping gene sequence
analysis and phenotypic characteristics such as
colony morphology, microbial physiology and
biochemical analysis'*. Recently, bacterial isolates
have also been identified by matrix assisted laser
desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS), which offers a
time-saving, high throughput and cost effective
alternative>?. MALDI-TOF M Shasbeen routinely

* To whom all correspondence should be addressed.
Fax Num.: +86 10 53218307;
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used sincethe mid-1990s and was later verifiedin
theidentification of clinical microbial isolates”® **
2,31, Unlike molecular biological methods such as
fluorescencein situ hybridization (FISH) and real -
time polymerase chain reaction (RT-PCR), MALDI-
TOF MS requires no species-specific probes,
considerably reducing the identification cost! %°.

Most studies adopting MALDI-TOFMS
for bacterial identification havefocused on clinical
bacterial isolates’. Food, cosmetic and similar
industries also require fast, stable and accurate
microbial identification methods. However,
industrial applications of MALDI-TOF MS, such
asthedifferentiation of industrial Saccharomyces
cerevisiaestrains, arerarely reported®. Therefore,
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to better meet the requirements of industrial
microbial identification, an efficient way is to
accumulate moreinformation on industrial isolates
inthe spectrum database. We applied MALDI-TOF
MS (Bruker Daltonics, Billerica, MA, USA) for
identification of hundreds of strains from fast-
moving consumer goods (FMCG) industries, and
found 152 strainswith scoreslower than 2.0, which
wererecognized asnot reliable at specieslevel. In
this study, the 152 strains were further analyzed
by the reference methods, including molecular
biological analysis (16S rRNA gene sequence
analysis and housekeeping gene sequence
analysis), and physiological and biochemical
analysisif necessary. The MALDI-TOF MSresults
were paralleled with those of the reference method.
Data supplementation would significantly expand
the identification accuracy and applicability of
MALDI-TOF MSandfecilitateitsuseinthe FMCG
industries.

MATERIALS AND METHODS

Bacterial strains

Thisstudy analyzed 152 bacterial strains.
Twenty-seven strainswere purchased from DSMZ
(Deutsche Sammlung von Mikroorganismen und
Zellkulturen, Braunschweig, Germany). DSMZ
strains were collected according to the common
bacteria related to FMCG industries counted by
CICC (ChinaCenter of Industrial Culture Collection,
Beijing, China), and not present in the commercial
Bruker BDAL Biotyper database. The rest 125
strains, whose MAL DI-TOF M S scoreswere lower
than 2.0, wereisolated from FM CG industries by
CICC.
MALDI-TOF M Soperation and identification

The isolates were recovered on TSA
plates, and single colonies were picked for mass
spectral measurements using a Bruker Microflex
LT MALDI-TOF MS platform with the Bruker
BDAL MSP database (Bruker Daltonics, Billerica,
MA, USA) linked to FlexControl software (version
4.0). The colonieswere prepared according to the
manufacturers’ formic acid extractioninstructions.
Briefly, one colony was picked using a sterile
disposable plastic loop and mixed with 1.2 ml of
75% ethanol (v/v) in an Eppendorf tube. The
mixturewas centrifuged at 13,000 x g for 2 minand
the supernatant was discarded. The pellet was
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resuspended in 50 il of 70% formic acid and 50l
acetonitrile, and again centrifuged at 13,000 x g for
2min. Onemicroliter of the supernatant was pipetted
onto the sampleloading spot on the stainless steel
target plate, and covered with a1il-portioned al pha-
cyano-4-hydroxycinnamic acid (HCCA) matrix
(Bruker Daltonics, Billerica, MA, USA). Upto 240
spectra per isolate were generated in positive ion
linear detection mode. The summed spectrawere
imported into the integrated MALDI Biotyper
software (version 4.0) and analyzed by standard
pattern matching with manufacturers' default
settings. The spectrum of each isolate was
searched in the Biotyper BDAL MSP database,
and a reliability score was generated from the
similarity measure. Scoreswere interpreted as not
reliable (< 1.7), reliable at the genuslevel (1.7 d”
score< 2.0), or reliableat the specieslevel (" 2.0).
Each colony was analyzed at |east 4 times.

One bottle of Bacterial Test Standard
(BTS, 40 standard spots, Bruker Daltonics, Billerica,
MA, USA) was suspended in 50 il of premixed
solvent (50% acetonitrile and 2.5% trifluoroacetic
acid). As positive and negative controls in each
run, we used 1 il of the BT S solution (prepared for
loading as stated above) and 1 il of HCCA matrix
alone. All chemicalswere purchased from Sigma—
Aldrich (Steinheim, Germany), unless stated
otherwise. The standard protocol used in thework
yielded quality spectra with good resolution and
spectral information, and the BT Sresultsverifying
correct operation of the system for all samples
analyzed.
16SrRNA genesequenceanalysis

The genome DNA of the bacteria was
extracted using aBacterial Genomic DNA Extraction
Kit (Tiangen Biotech, Beijing, China). The 16S
rRNA gene was amplified by the primers 27f and
1492r 5 (Table S1). The PCR products of all tested
strains were sequenced in an ABI 3730 DNA
analyzer system (ABI, USA). All of the nuclectide
sequences were aligned by EzBiocloud (http://
ezbiocloud.net/) and searched in the NCBI
database using BLASTN (http://
blast.ncbi.nim.nih.gov/Blast).
Housekeeping gene sequence analysis

The housekeeping genes atpD*, gyrA®,
gyrB?, rpoB * and tuf 2were amplified by PCR and
sequenced for strain identification. The analysis
was identical to the 16S rRNA gene sequence
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analysis. The amplification primer pairs for each

genearelisted in Table S1.
Physiological and biochemical

analysis

Some strains that could not be identified
to species level were physiologically and
biochemically characterized. The characterizations
were performed manually or in an APl system

(BioMérieux, Paris, France).
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RESULTS

Hundredsof strainsrelated to FMCG were
analyzed by MALDI-TOF MS, and many of them
werewell identified. However, 152 strains scored
lower than 2.0 were found indicating that these
strains were recognized as not reliable at species
level. Among these were 78 strains with scores
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Fig. 1. The frequency of occurrence of the 152 strains
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Table 2. Strains did not include in the MS database with MALDI-TOF MS scores < 1.7.

Remark

MALDI-TOF MS

Level of ID

16SrRNA gene sequencing

Species |ID

Genus (Strain number)

Strain No.

Score

Species |ID

ZHAI et d.

1.816 + 0.077

Acinetobacter tjernbergiae

Species

Acinetobacter beijerinckii
Bacillussubtilis

Acinetobacter (1)
Bacillus (1)

DSM 229017
CICC 24032

1.742 + 0.022
2.099 + 0.180

Bacillusamyloliquefaciens

Species

Cronobacter sakazakii

Species

Cronobacter malonaticus

Cronobacter (1)

DSM 187027
DSM 174537

Chryseobacteriumhagamense  1.789 + 0.016

Chryseobacterium sp.

Species

Chryseobacteriumtaichungense

Chryseobacterium (1)

1.811 + 0.067

IDENTIFICATION OF BACTERIA FROM CONSUMER GOODS

1.788 + 0.062

Halomonas aquamarina

Species
Massiliatimonae

Halomonas hamiltonii

Massilia oculi

Halomonas (1)
Massilia (1)

DSM 21196

1.930 + 0.137
2.121 + 0.185
2.047 + 0.095

DSM 263217

Species

Ochrobactrumcytisi Species Ochrobactrum sp.

Ochrobactrum (1)

DSM 197787

Ochrobactrumtritici

1.753 + 0.032

Species Pantoea agglomerans

Pantoea brenneri

Pantoea (3)

DSM 242327

1.819 + 0.085

Pantoea agglomerans
Providenciarettgeri

Species

Pantoea eucalypti

Pantoea eucrina

DSM 23077T

1.765 + 0.038

Species

DSM 242317
DSM 26532
DSM 22668"

1.721 + 0.011

Pseudomonas koreensis

Pseudomonas baetica
Rhizobium pusense

Species

Pseudomonas (1)
Rhizobium (1)

1.965 + 0.106

Rhizobium radiobacter

Species

1707

below 1.7 indicating no reliable identification by
MALDI-TOF MS (Table 1). The mass spectraand
associated identifications of the 78 strains can be
added to expand the MS database for industrial
strainsidentification.

Twelve of these strains yielded different
identificationsby molecular biologica methodsand
theMALDI-TOF MSanalysis(Table 3). For some
strains, the scores ranged from 1.7 to greater than
2.0, suggesting low repeatability of MALDI-TOF
MSfor these strains. The MALDI-TOF M Sresults
and molecular biological identifications of these
strains were consistent at the genus level, but
mismatched at the species level. The instrument
parametersand sample preparation wereall carried
out by standard protocol, and generated qualified
mass spectra (Fig. S1). Therefore, such
discrepancies reflect the absence of these species
in the MALDI-TOF MS database rather than
inaccuracy of MALDI-TOF MS, and highlight the
necessity and importance of supplementing the
MS database.

Forty-eight of the 152 strainswerelisted
in the MALDI-TOF MS database, of which 21
scored below 1.7inthe MALDI-TOF MSanalysis
(Table 4). These species were successfully
identified by gene sequence and physiological/
biochemical analyses, and found in the MALDI-
TOF M S database. Highly qualified mass spectra
data were obtained based on standard protocol
(Fig. S2). TheMALDI-TOF M Sfailurewaspossibly
caused by metabolic and psychological divergence
between the present isolates and the bacteria or
type strains archived in the database®.

The remaining strains, scoring between
1.7and 2.0, arelistedin Table 5. Thestrain labeled
CICC 24011 was molecularly identified as
Acinetobacter parvus but as A. junii by MALDI-
TOF MS. AsA. parvusand A. junii have not been
compared in previous reports, the reason for this
misidentification could be sought in future study.
Thesamplestrainslabeled CICC 23959, CICC 23967,
CICC 24012, CICC 24013, CICC 24019, CICC 24024,
CICC 24031, CICC 24033, CICC 24036, and CICC
24059 wereidentified to genuslevel by molecular
biological method and consistent with the results
of MALDI-TOF MS. The rest of the strains were
identified to specieslevel by molecular biological
method while reliable only at the genus level by
MALDI-TOF MS, possibly because of the
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metabolic and psychological divergence between
the isolates and those in the MALDI-TOF MS
database.

Fourteen strainsin Table 6 wereidentified
to genus level by molecular biological methods,
but not to species level. The MALDI-TOF MS
analysiswas unreliable, as the scores were below
1.7. Therefore, other identification toolsare needed
to characterize these strains in the future.

DISCUSSION

FMCG are strongly associated with
lifestyle, and may contain large quantities of water
or rich nutrients that promote microbia growth.
Formula design must adhere to the regulatory,
industrial, or internal requirements of a
preservation efficacy test, and a manufactured
product must be analyzed for its microbiological
content prior to release from the site®. However,
conventional microbiological detection methods
aretime consuming asthey must allow for microbial
growth or incapability of on-site identification,
which delaysthe product release’’. Therefore, rapid
and accurate identification of isolates from
products or their manufacturing environment
would greatly benefit the FMCG industries.

MALDI-TOF MS is a traditional
analytical method that has only recently been
considered for rapid microorganismidentification®.
The MALDI-TOF MS equipment has been
customized toidentify avariety of clinical isolates’,
for example, 92% of 980 routine clinical isolates
were correctly identification by MALDI-TOFMS
at species-level; on the contrary, conventional
identification methods only correctly identified
83.1% of theisolates?®. Thehigh identification rate
isbased on the well-devel oped M S database, such
as the Bruker BDAL Biotyper database contains
the spectra of bacteria with more than 300 genus
and 2200 species. The MS database covers the
common bacteria found in industries, such as
Clostridium, Escherichia, Lactobacillus,
Paenibacillus and Salmonella® %. In studies of
industrial Saccharomycescerevisiae, MALDI-TOF
MSwasalso confirmed asarapid and reliabletool
for accurate identification®* . However, the
industria applicability of MALDI-TOFMSisrarely
reported. It should be noted that clinical and
industrial speciesaredistinct, and theidentification
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accuracy mainly depends on the mass spectra of
thedatabase using MALDI-TOF MS. Therefore, if
mass spectrometry databases were supplemented
withindustrially sourced data, the applicability of
MALDI-TOF MSwould be enhanced, especially
in user-customizable databases.

In this work, atotal of 152 strains were
analyzed with scoreslower than 2.0. Two of them,
labeled CICC 24037 and CICC 23995, were only
identified to therespectivefamily level by 16SrRNA
gene sequence analysis, and with MALDI-TOF
MS scores below 1.7. The rest 150 strains were
classified into 49 generaby the reference method.
Forty strains were identified to the genuslevel by
MALDI-TOF MS (Tables 2 and 4), and no
misidentification results were found, suggesting
thereliability of MALDI-TOF MS. By thereference
identification method, 7 generawere not found in
the current MS database, including Asaia,
Domibacillus, Komagataeibacter, Luteococcus,
Oceanobacillus, Planomicrobium, and
Zymomona, and 58.7% (88/150) strains were not
recorded in the M S database. The 88 strains were
classified into 42 genera. The results indicated
strain divergence of the isolates from FMCG
industriesto thosein the commercial M S database,
and the necessity of datadeposition for expanding
MALDI-TOF MSapplication.

Very recently, theBruker MALDI-TOFMS
database was updated with additional new species
including Bacillus atrophaeus, Bacillus pumilus,
Kocuria marina, Paenibacillus humicus, and
Pseudomonas oryzihabitans. This could affect the
classification and scores of the strainslabeled CICC
23975, CICC 23987, CICC 24027, CICC 24030, and
CICC 24050. Every technology hasits advantages
and limitations. For MALDI-TOF MS, the MS
database could affect the application range and
identification accuracy. Therefore, database
deposition will be continued by researchers to
improve the performance of this technology.

The frequencies of strain occurrence are
shown in Fig. 1. Some strains were repeatedly
identified (morethan 5times), including 29 Bacillus
strains, 8 Halomonas strains, 6 Lysinibacillus
strains, 12 Micrococcus strains, 6 Moraxella
strains, 8 Pseudomonas strains, and 8
Staphylococcus strains. Bacillus and
Lysinibacillus can form spores, which are highly
tolerant to extreme environmental stress'!s,

J PURE APPL MICROBIO, 10(3), SEPTEMBER 2016.
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Halomonas can survive over a wide range of
salinity, and is resistant to surface active agents®
10, These generademand attention, asthey are often
isolated in cosmetics? 2 23, Some Pseudomonas,
Moraxella and Staphylococcus species are
implicated in human diseases, and should not be
present in consumer products® 2. %,

In conclusion, 152 bacterial strainswere
analyzed by MALDI-TOF MS with scores lower
than 2.0, and supplemented with 16S rRNA and
housekeeping genes sequence analysis and
(where necessary) physiological and biochemical
analyses. By depositing the generated mass
spectrometry data in the MS database, we could
tailor the use of MALDI-TOF MS to FMCG
industrial microbial detection, greatly expanding
the applicability of the method. Moreover, rapid
and accurateidentification of bacterial isolatesfrom
various samples enables agile, actionable
mitigation planning, ensuring product quality and
consumer safety. Expanding the database to
include a broader set of industrially-source
microbes will increase the success rate of
identifications.

We note that the system did not
misidentify or return anonidentifiableidentification
for any frank human pathogens. This supportsthe
validity of the Biotyper system for theidentification
of bacteria that could potentially pose a human
health risk, which iscritical for use of the system
in both manufacturing and health care
environments. Thisisin agreement with the recent
approval for use by USFood and Drug Association
viaab510(k) clearancein 2013, and expanded upon
with a second 510(k) clearance in 2015, and
clearance by the China Food and Drug Association
in 2014, for use of the Bruker I'VD databasefor in
vitro diagnostics.
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