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SUMMARY

The paper presents results of Salmonella of studying Salmonella isolate properties by
MALDI-TOF method using MALDI Autoflex lll mass-spectrometer. Microorganism identifi-
cation was performed using direct loading method followed by comparison of mass spec-
tra with the database set in the apparatus. Peaks typical of many Enterobacteriaceae rep-
resentatives and mass to charge ratio (m/z), characterizing Salmonella were determined.

Key words: mass-spectrometer, MALDI-TOF, Salmonella bacteria.

INTRODUCTION

Salmonella pathogenic bacteria are one of the major
agents of enteric infections and present great problems
for public health in developed and developing countries as
they cause food toxicoinfections. 1.3 billion gastroenteritis
cases and 3 million deaths caused by Salmonella infection
are registered annually.

Salmonella are transmitted mostly by livestock animals.
Besides, Salmonella can be transmitted from animals to
humans and from humans to humans. The main source
of human Salmonella infection is animal and plant prod-
ucts (meat, eggs, dairy products, fruit and vegetables). The
modern area of foodstuff production, the so called “organ-
ic"farming, also increases risk of food poisoning including
salmonellosis [1].

Within the last decade microbial identification of pro-
tein profiles or direct protein profiling has been used more
frequently together with classical, and molecular and bio-
logical methods of microbial identification. This method is
competitive in such criteria as identification accuracy and
specificity but it is more rapid and cost effective [2, 3,9, 10].

Time-of-light mass spectrometry MALDI (MALDI-TOF)
is based on matrix assisted laser desorption and ioniza-
tion of the tested substance followed by ion separation
using time-of-light mass-analyzer. When exposed to laser
the matrix crystallized with the tested material actively ab-
sorbs laser irradiation which leads to its desorption. When
transiting to gas-phase the matrix carries molecules of
the tested substance and facilitates their ionization with
formation of singly charged ions [7]. The method enables
to perform direct mass-spectrometry of microbial cellu-
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lar protein fraction (direct protein profiling), i.e. without
fractionation and protein purification, and obtain highly
accurate and high resolution mass-spectra, unique for
this species, characterizing the tested object on the “fin-
gerprint pattern” principle [4].

Spectra comprising a mass-range of 2-20 kDa are usu-
ally used for microbial identification. Analysis of mass-
spectra of E. coli in this range demonstrated only 30 out
of 2000 proteins, calculated basing on E. coli sequencing
data, in spectra [11]. Most of the obtained peaks were re-
ferred to ribosomal proteins, and the rest to DNA-binding
proteins and cold shock proteins. Ribosomal proteins are
quite conservative and that makes them taxonomically
specific. Besides, many ribosomal proteins are located in
cell cytoplasm - up to the half mass of a growing cell, and
their set remains unchanged not depending on external
conditions and growth stage which ensures mass-spec-
trum reproducibility. Studies of intra- and inter-laboratory
reproducibility demonstrated high reliability of MALDI-
TOF method [2].

The study was aimed at proteomic properties of
Salmonella isolates recovered from food products and
feeds.

MATERIALS AND METHODS

Isolates. 27 Salmonella isolates recovered from food-
stuffs and feeds in the Russian Federation by the FGBI «AR-
RIAH» microbiology laboratory in 2006-2010.

Matrix. Saturated CHCA solution (alpha-cyano-4-hy-
droxycinnamic acid) and organic solvent (basic organic sol-
vent) -50% acetonitrile solution/2,5% trifluoroacetic acid.
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Table 1

Data base for «Bruker» bacteria identification contains
spectra of 4,111 microorganisms including spectra of 15
Salmonella strains.

Cultivation. All used isolates were grown in Columbian
agar (Columbia agar base) within 24 hours at 37°C.

Sample preparation. There was used a direct loading
method where single colonies of the fresh culture were
added to wells of a metal «Ground steel» Bruker plate
using a sterile loop. Then matrix solution was added. Dry-
ing process took 15 minutes. The plate was put in the
apparatus.

Mass-spectrometer calibration was performed prior to
each experiment according to the manual [6], using Bruker
Bacterial Standard («Bruker» Daltonik, Germany) as a cali-
brant.

Identification of Salmonella isolates using protein profiling method

“ MALDI result Identification criteria, Ig* | Peak, intensity 100%, Da
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Mass-spectrometry was performed using «MALDI
Autoflex Ill Biotyper» (Bruker Daltonik, Germany) mass-
spectrometer in linear mode. Analysis parameters were
optimized for mass range of 2000-20137 m/z (mass/time),
spectrum obtained as a result of summing 10 singular spec-
tra was recorded. Method for microorganism detection,
«MBT_MO» software, was used for Salmonella identification.
FlexControl, MALDI biotyper version 3.0 and MALDI Biotyp-
er RTC («Bruker» Daltonik, Germany) were used for record-
ing, processing and analysis of obtained mass-spectra.

RESULTS AND DISCUSSION

Bacteria from the FGBI «<ARRIAH» strain museum iden-
tified as Salmonella bacteria according to bio-chemical
characteristics and serotyped according to the Kauffman-
White classification were selected for proteomic property
studies (Table 1).

Salmonella Typhimurium (beef Ne 4975) Salmonella sp. enterica 2,344 6092
2 Salmonella Choleraesuis «Bashkiria» Salmonella sp. choleraesuis 2,579 4363
3 Salmonella Typhimurium «dumplings No 1904» Salmonella st anatum 2,511 6092
4 Salmonella Brezany Salmonella st anatum 2,559 6092
5 Salmonella California Salmonella st anatum 2,574 6092
6 Salmonella Enteritidis «Ru 3» Salmonella st anatum 2,488 6092
7 Salmonella Choleraesuis «Len» Salmonella sp. choleraesuis 2,574 4364
8 Salmonella Enteritidis «Gleb» Salmonella st anatum 2,423 6092
9 Salmonella Newland duck Salmonella st anatum 2,591 6093
10 Salmonella Choleraesuis «II» Salmonella st anatum 2,445 4364
n Salmonella Choleraesuis «Yub» Salmonella st anatum 2,482 6092
12 Salmonella Typhimurium «k/k16» Salmonella st anatum 2,509 6092
13 Salmonella Typhimurium «k/k 7» Salmonella st anatum 2,509 6096
14 Salmonella Viirchow pork 31 Salmonella st anatum 2,506 6093
15 Salmonella Choleraesuis «Mordova» Salmonella sp. enterica st Hadar 2,348 4364
16 Salmonella Enteritidis Meat for dumplings (chicken) «Ri 1» Salmonella st anatum 2,473 6091
17 Salmonella Enteritidis Meat for dumplings «Pel» Salmonella st anatum 2,482 6092
18 Salmonella Moscow «Radon» feedstuff Salmonella sp. enteritidis 2477 6091
19 Salmonella Dublin «Rassvet» Salmonella sp. enterica st dublin 2,536 6093
20 Salmonella Saintpaul Salmonella st anatum 2,649 6092
21 Salmonella Choleraesuis «Krasnodar» Salmonella sp. enterica 2,247 4363
22 Salmonella S.W Salmonella sp. enteritidis 2,408 6090
23 Salmonella Choleraesuis N2 2 «Tambov» Salmonella sp. enterica 2,457 6092
24 Salmonella Choleraesuis Pork «Tatarstan» Salmonella sp. choleraesuis 2,528 6092
25 Salmonella Dublin «Kolchugino» Salmonella st anatum 2,654 6092
26 Salmonella Choleraesuis «Ulyanovsk» Salmonella st anatum 2,419 6092
27 Salmonella Choleraesuis «Vladimir» Salmonella st anatum 2,523 4364

*2,300-3,000 — high probability of species identification;
2,000-2,299 — guaranteed genus identification, probable genus identification;
1,700—1,999 — probable genus identification.
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Due to the fact that microorganism database in the
apparatus includes only 13 Salmonella serotypes and ac-
cording to the Kauffman-White classification there are
more than 2,600 of Salmonella serotypes in the present
time the results of MALDI identification related to sero-
type determination can differ from results of classical
serotyping.

Bacteria identification using direct protein method [5,
71 confirmed that all tested microorganisms belong to the
Salmonella genus (Table 1). Herewith, microorganism iden-
tification criterion was within 2,236-2,649, which is indica-
tive of high probability of identification.

Within the process of bacteria identification using MAL-
DI-TOF method protein profiles were constructed for all
Salmonella bacteria. They enabled determination of typical
high intensity peaks.

It was determined that 6 out of 27 studied Salmonella
isolates demonstrated a typical peak with 100% intensity
and m/z 4364 Da in a protein spectrum. For all the rest
isolates identification peak was at 6092 Da.

According to Zhou N. and Wang N. [12] a unique
peak characterizing Salmonella paratyphi, is peak at m/z
6092 Da. In our test such peak was shown by all Salmonella
isolates together with peak at 4363 Da.

Performed mass-spectrometry of Enterobacteriaceae
family reprsentatives demonstrated in Maldi Biotyper da-
tabase (Table 2) determined that peak 4363+1 Da is typi-
cal of many representatives of Enterobacteriaceae family,
while peak at m/z 6092+1 Da is typical only of Salmonella
un Trabulsiella guamensis bacteria. Trabulsiella bacteria were
discovered in 1985 and originally were referred to Salmo-
nella genus due to proximity of biochemical characteristics
(8].

So, peak at m/z 6092 Da can be considered unique for
Salmonella bacteria, and this information can be used
when developing express-methods for microorganism
detection immediately from material substance without
preliminary isolation of pure cultures.

Besides, peaks used to characterize the microorgan-
ism’s family and genus, according to data presented by
Dieckmann R. and Marlony B. [5], peaks typical of 5 epi-
demically important Salmonella serotypes: Enteritidis,
Typhimurium, Virchow, Infantis, Hadar, were determined.
Furthermore, there were determined potential serovar-
determining ions, which can be used as biomarkers for
serotypes Choleraesuis, Heidelberg, Gallinarum (Table. 3).
Obtained results confirm R. Dieckmann and B. Malorny’s
conclusion [5] as far as Choleraesuis (Salmonella Choler-
aesuis «Bashkiria», Salmonella Choleraesuis «ll», Salmonella
Choleraesuis «Len», Salmonella Choleraesuis «<Mordovia»,
Salmonella Choleraesuis «Vladimir») and Enteritidis (Sal-
monella Enteritidis «Ru 3», Salmonella Enteritidis «Gleb»,
Salmonella Enteritidis «Pel») serotypes are concerned (Ta-
ble. 3).

It was noted that Salmonella Dublin «Rassvet» isolate
showed peak at m/z 6008 Da, typical of Virchow sero-
type, and out of four studied isolates, determined as
Typhimurium by agglutination test, only one Salmonella
Typhimurium «K/K N2 16» isolate showed typical peak at
m/z 7097 Da.

CONCLUSION

As a result of performed tests it was determined that
peak at m/z 4364 Da (typical of Enterobacteriaceae bacte-
ria) and 6092 Da (unique for Salmonella bacteria) are typi-
cal of all studied Salmonella isolates. Results obtained in
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Fig. Protein profiles of Salmonella isolates

X axis shows m/z, Y axis shows relative peak intensity,
recorded during mass-spectrometry analysis.

studying proteomic characteristics of different Salmonella
serotypes confirm R. Dieckmann and B. Malorny's conclu-
sion on peaks typical of Choleraesuis and Enteritidis sero-
types but not typical of Salmonella Typhimurium isolates.
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Table 2
Typical peaks shown by different representatives of Enterobacteriaceae family

Representatives of Representatives of
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Serotype characteristics
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PE3IOME

B cTaTbe npepcTaBneHbl pe3ynbTathl OLEHKU NPOAYKTUBHOCTI U CeNIEKTUBHOCTA XpOMOeH-
HbIX NUTaTeNbHbIX CPe (BUCMYT-CyNbOUTHDIN arap v KCAN030-NM3MHOBbIN Ie30KCUXONATHBIN
arap) 3apy6exHoro 1 oTeyecTBEHHOr0 NPOU3BOACTB. KoshduumeHT nposyKTMBHOCTM Kcuno-
30-M3MHOBOT0 [€30KCMXONIATHOTO arapa 3apybexxHoro 1 OTeYecTBEHHOr0 NMPOM3BOACTB
coctaBun Bonee 0,58, cenekTuBHOCTL He MeHee 2 |g. KoadduumeHT nposyKTBHOCTM BUC-
MYT-CynbOUTHOTO arapa 3apy6exHoro Npou3BoACTBa Obin Bbille NPOAYKTUBHOCTU BUCMYT-
CynbUTHOTO arapa oTeuecTBEHHOTO NPOU3BOACTBA U cocTaBun bonee 0,19. CenekTMBHOCTD
[aHHBIX CPef} 0AMHaKOBa U paBHa 5 Ig. Ha 0cHOBaHUM nonyyeHHbIX pe3ynbTaTos AnA npose-
JeHIA UCccneoBaHuil no BbiABReHNIo 6akTepuil pofa Salmonella B nuLweBbIX NPoAYKTax pe-
KOMeHZI0BaHO MCMob30BaHIe BUCMYT-CyNbOUTHOrO arapa MMMOPTHOTO MPOM3BOACTBA, KCU-
1030-M31HOBOTO A€30KCUXOIATHOTO arapa 0TeYeCTBEHHOTO Ui 3apy6exHOro NPoM3BOJCTB.

KntoueBble cnoa: Salmonella, nuTateibHble Cpefibl, CENEKTUBHOCTD, MPOAYKTUBHOCTD.
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SUMMARY

The paper demonstrates evaluation results for productive and selective capacities of domestic
and imported chromogenic nutrient media (Bismuth sulphite agar and xylose lysine deoxycholate
agar (XLD agar)). The productivity ratio of imported and domestic XLD agar amounted to over
0.58 and selectivity ratio — to less than 2 Ig. The productivity ratio of imported Bismuth sulfate
agar was higher than the productivity of the domestic one and amounted to over 0.19. The
selective properties of the both media are similar and amount to 5 Ig. Based on the evidence
found, imported Bismuth sulfate agar and domestic or imported XLD agar can be recommended
for use in the experiments for detection of Salmonella spp in food products.

Key words: Salmonella, nutrient media, selective capacity, productivity.
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