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MALDI mass spectrometry for identification lactic acid bacilli isolated
from lactic acid products produced in the Karaganda region

At present the traditional methods of identifying microorganisms are replaced by express methods, the mass
spectrometric method using MALDI-TOF MS allows to reliably identify a variety of microorganisms in a
short time, which is an indisputable advantage in work and allows to quickly identify many microorganisms
in quickly. Classical methods for the identification of lactic acid bacteria based on their cultivation require a
long time for their implementation. The advent of matrix laser desorption ionization time-of-flight mass spec-
trometry (MALDI-TOF MS) technology made significant changes in the workflows for the study of lactic acid
bacteria, unmatched in speed characteristics. This article presents the study of the morphological, cultural
properties, acid-forming ability, antibiotic sensitivity lactic acid bacteria of isolated from ... products (ayran,
koumiss, ashykan kozhe, kurt, suzbe, cottage cheese) produced in different districts of the Karaganda region.
The species identification of the isolated strains of lactic acid bacteria was carried out using a MALDI-TOF
mass spectrometer. The studies carried out on cultural and morphological characters indicate that they belong
to the genus Lactobacillus, Lacticaseibacillus, Lactiplantibacillus, Limosilactobacillus. As a result of identi-
fication on the mass spectrometer of the presented samples L. acidophilus (2 strains), L. delbrueckii subsp.
bulgaricum (2 strains), L. rhamnosus (7 strains), L. plantarum (2 strains), L. paracasei (11 strains),
L. fermentum (2 strains) were revealed. According to the Score values, the results indicate the accuracy of the
identification.

Keywords: lactic acid bacilli, strain, identification, cultivation, mass spectrometry (MALDI-TOF MS), dairy
products, morphology, nutrient medium.

Introduction

A significant disadvantage of the widely used traditional microbiological methods is the long time to
obtain the result, which is due to the physiology of microorganisms that requires time for their growth. Mod-
ern microbiology requires new fast and accurate methods for the identification of microorganisms.

The advent of matrix laser desorption ionization time-of-flight mass spectrometry technology has made
significant changes in the workflow of microbiology laboratories, virtually unmatched in the speed and accu-
racy of microbial identification. This method, which is gradually becoming the standard for modern laborato-
ries, makes it possible to reduce the identification time of pure cultures to several minutes [1].

The method is based on the extraction of peptides and proteins from cells of microorganisms and works
according to the principle (molecular «fingerprint»), which is compared with the reference spectra in the
MALDI bio typer database [2].

The MALDI TOF mass spectrometry method allows not only to identify a microorganism but also, in
some cases, obtain a unique set of ribosomal proteins (fingerprints) for each of the strains under study, which
opens up great opportunities and prospects for studying strain characteristics [3].

Bacteria of the genus Lactobacillus has always attracted attention of scientists and researchers around
the world due to its great practical value.

The genus Lactobacillus includes more than 261 species (as of March 2020), which are very diverse at
the phenotypic and genotypic levels. The genus was reclassified based on phylogenetic studies of the main
genome, taking into account the physiological and ecological criteria: the corrected genus Lactobacillus was
retained and 23 new genera were added [4].

Classical methods for the identification of lactic acid bacilli based on their cultivation require a long
time for their implementation. The advent of matrix laser desorption ionization time-of-flight mass spec-
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trometry (MALDI-TOF MS) technology made significant changes in the workflows for the study of lactic
acid bacilli, unmatched in speed characteristics.

Objective: identification and study of the morphological and cultural properties, acid formation
activityand the resistance to antimicrobial preparation of lactic acid bacilli isolated from lactic acid products
Karaganda region by time-of-flight MALDI-TOF mass spectrometry (in vitro study).

Methodology

63 samples of lactic acid products were used for the study (ayran, koumiss, ashykankozhe, kurt, suzbe,
cottage cheese) produced in different areas of the Karaganda region.

Sampling: sampling was carried out in accordance with the rules of asepsis. Before analyzing samples
for the presence of probiotic cultures liquid dairy products (ayran, koumiss, ashykan kozhe) were stirred in a
circular motion, avoiding active shaking to prevent air saturation. Cottage cheese, suzbe — were mixed by
shaking.

— liquid dairy products were taken with a sterile pipette (10 ml) and placed in sterile test tubes.

— a pasty dairy product (suzbe) was taken with a sterile spatula (10 g) and placed into sterile test tubes.

— 10 g of kurt and cottage cheese were weighed on a Petri dish, transferred to a sterile porcelain mortar

with a pestle, and thoroughly ground [5-6].

Study of morpho-cultural properties, mobility, and catalase test: Before sowing, a tenfold dilution was
prepared from each product in sterile saline, followed by sowing on Petri dishes with agar MRS medium. The
Petri dishes were cultured at 37°C for 2 days in anaerobic conditions.

After Petri dishes incubation, 42 strains of lactic acid bacilli were isolated from the milk product (ayran,
koumiss, ashykankozhe, kurt, suzbe, cottage cheese), of which 26 isolated colonies were typical of lactic ac-
id bacilli, microscoped (Gram stain) and seeded on MRS broth.

After 2 days of incubation control, smears were made from all tubes with broth, after which the isolate
individual colonies by ten-fold dilution method, followed by seeding on Petri dishes with agarised MRS me-
dium. Crops were incubated in anaerobic conditions at 37+1°C temperature for 48 hours [7-8].

After incubation, isolated colonies were determined by relation to Gram stain, mobility, presence of
catalase and identified on MALDI BioTyper.

To determine the ratio of the isolated strains to Gram stain, smears were prepared from the colonies,
stained according to the Gram method and microscoped. We took photos using a ToupcamTM USB digital
eyepiece camera Industrial digital camera, 14 megapixels.

Catalase activity test: the catalase activity of the cultures was determined on the ability of catalase to
decompose hydrogen peroxide with the release of gas bubbles. The reaction was set up with a daily culture
cooled to room temperature on a sterile glass slide. An isolated colony taken from the surface of the nutrient
medium was ground on glass and a drop of 3 % hydrogen peroxide solution was applied with a pipette.
If after 3060 s gas bubbles appear on the glass, then the reaction results are considered positive. A control
sample was placed in parallel. The mobility of the isolated cultures was determined by «the crushed drop»
[9].

The grown crops were identified using the MALDI BioTyper. The samples were prepared as follows:
a fresh single colony was directly transferred onto a polished steel MSP 96 target (Bruker Daltonik) and
dried; coated with 1pul of a saturated solution of a-cyano-4-hydroxy-cinnamic acid (HCCA) matrix solution
in 50 % acetonitrile-2.5 % trifluoroacetic acid (Bruker Daltonik) and dried at room temperature, after that the
sample was subjected to analysis of the bacteria protein using MALDI-TOF MS system [10].

The identification reliability criteria were judged by the following score values: 2,300 — 3,000 — high-
ly probable species identification; 2,000-2,299 — reliable genus identification, probable species identifica-
tion; 1,700 — 1,999 — probable identification of the genus; 0—1.699 — identification failed.

Determination of acid formation activity. Two tubes of each culture were removed and put into a refrig-
erator for rapid cooling to prevent further acid production. Then, 10 ml of culture liquid was added to glass
flasks, and phenolphthalein was added as an indicator 1 drop.

The total acidity was determined by titration of decinormal alkali NaOH, which was added dropwise
from the burette to the retorts with the poured culture liquid until a stable pink stain appeared. The amount of
decinormal alkali that was used for titration corresponds to the amount of decinormal acid produced in 10 ml
of culture liquid [11].
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Data of acid formation activity, expressed in degrees Turner /°T/, was calculated by the formula:
°T=axkx10,

where a is the number of milliliters of 0,1M caustic soda solution to be titrated; k is a correction to the titer of
0,1M caustic soda solution; 10 is a correction factor for the mass of the analyzed sample.

The sensitivity of probiotic bacteria to antibiotics was determined by disk-diffusion test. From the test
cultures, the suspensions conforming to the optical turbidity standard of 5 units (with a microbial body con-
tent of about 1,5x10® CFU/ml) were prepared, 1 cm’ of the culture suspension was applied to each agar me-
dium dish, uniformly distributed over the surface by lawn method and slightly dried in laminar flow. Further,
the antibiotic discs of 5 pieces were applied to the surface of the nutrient medium seeded with a suspension
of lactic acid bacilli cells. Inoculated plates with discs were incubated at 37 + 1 °C for 48 h. The antibiotic
graph was formed by the diameter of the growth retardation zone of microorganisms. The study was per-
formed in triplicate and the results were expressed as arithmetic mean.

Results and Discussion

The studies carried out on cultural and morphological characters indicate their belonging to the genus
Lactobacillus, Lacticaseibacillus, Lactiplantibacillus, Limosilactobacillus. All isolated strains are gram-
positive rods, cells are located singly, in pairs, in the form of a chain, motionless, spores do not form
(Fig. 1, 2), catalase-negative (lactic acid bacilli do not have catalase, therefore, no gas formation was ob-
served in the sample with hydrogen peroxide). Colony morphology (Figure 3, 4) of isolated strains of lactic
acid bacilli are identified on solid nutrient medium MRS agar-1.
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Figure 1. The microscopic drawing (100x) Figure 2. The microscopic drawing (100x)
of the isolated strain L.paracasei -28 of the isolated strain L. fermentum -18

Figure 3. Morphology colonies Figure 4. Morphology colonies
of the isolated strain L.paracasei -28 of the isolated strain L. fermentum -18

As a result of identification on the mass spectrometer of the presented samples it was L. acidophilus
(2 strains), L.delbrueckiisubsp. bulgaricum (2 strains), L.rhamnosus (7 strains), L. plantarum (2 strains),
L.paracasei (11 strains), L. fermentum (2 strains) — only 26 strains were revealed.

According to the Score values, the results indicate the accuracy of identification: Score values
2.300-3.000 are observed in 7 strains; Score values 2.000-2.299 are recorded in 15 strains; Score values
1.700-1.999 — in 4 strains.

Acid formation activity is a normalized indicator of biological activity of lactic acid bacilli and accord-
ingly a criterion for selection of lactic acid bacilli strains with high-active probiotic properties. The results
obtained in the study (Figure 5, 6) show good acid-forming ability in most isolated lactic acid bacilli
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strains. Strains of lactic acid bacilli, titrated acidity of which varies within 20—80 °T are considered inactive,
90-110° T — average activity, and 120 ° T and higher are considered highly active.

L. paracagei =35
L. paracazei -34
L. fermentum -18

L. plantaum -3
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o4 26 28 100 102 104 106 108 110 112

Acidity '1°

Figure 5. Acid formation activity of lactic acid bacilli selected strains — average activity
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Figure 6. Acid formation activity of lactic acid bacilli selected strains — high activity

The resistance of bacteria to antimicrobial preparation is a characteristic feature of a particular strain of
the microorganism and this should be taken into account when selecting cultures, products and preparations
with probiotic properties used in biotechnology. In this regard, we have conducted studies to determine the
spectrum of antibiotic resistance of isolated strains of lactic acid bacilli, to various most common antibiotics
in medical practice.

The study found that 10 strains L.paracasei, 5 strains L. rhamnosus, 2 strains L. fermentum, 2 strains
L. acidophilus, 1 strains L. delbr. subsp. bulg. are metronidazole (5 pg/disc) resistant the following strains
are sensitive to antibiotic metronidazole L. paracasei — 36 (16 mm), L. plantarum -2/1- (8 mm),
L. plantarum -5-(10 mm), L. rhamnosus -24 — (11 mm), L. plantarum -2/1 — (8 mm), L. delbr. subsp. bulg.
-53 — (18 mm); 9 strains L.paracasei, 5 strains L. rhamnosus, 2 strains L. fermentum, 1 strains L. acidophi-
lus, 1 strains L. delbr. subsp. bulg. showed resistance to colistin (25 pg/disc), the following strains are sensi-
tive to antibiotic colistin L. paracasei — 4 (8 mm), L. paracasei — 36 (10 mm), L. plantarum -2/1- (9 mm),
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L. plantarum -5- (7 mm), L. rhamnosus -24 — (23 mm), L. plantarum -2/1- (9 mm), L. acidophilus -50-
(24 mm), L. delbr. subsp. bulg. — 54 — (12 mm).

Resistance was observed in 4 strains L.paracasei, 1 strains L. rhamnosus, 1 strains L. acidophilus to
cefuroxime (30 pg/disc), sensitive to antibiotic cefuroxime the following strains L. paracasei — 4 (23 mm),
L. paracasei -5/1- (23 mm), L. paracasei -12- (31 mm), L. paracasei — 36 (33mm), L. paracasei -38 -
(19 mm), L. paracasei -44-(33 mm), L. paracasei -48 -(22 mm), L. rhamnosus -1-(33 mm), L. rhamnosus -2-
(23 mm), L. plantarum -2/1-(17 mm), L. rhamnosus -3-(17 mm), L. plantarum -5-(20 mm), L. rhamnosus -
11-30 mm), L. fermentum -18-(18 mm), L. rhamnosus -24-(31 mm), L. rhamnosus -40-(45 mm),
L. plantarum -2/1-(17 mm), L. fermentum -38/1-(27 mm), L. acidophilus -50-(34 mm), L. acidophilus -52-
(17 mm), L. delbr. subsp. bulg. -53-(23 mm), L. delbr. subsp. bulg. — 54-(33 mm).

Most strains of lactic acid bacilli were sensitive to the following antibiotics (Figure 7, 8): levomycetin
(10 pg/disc), amoxyclav (10 pg/disc), benzylpenicillin (10 pg/disc), gentamycin (10pg/disc), tetracycline
(10 pg/disc), clindamycin (10 pg/disc), ciprofloxacin (30 pg/disc).
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Conclusions

As a result of the studies carried out it can be concluded that it is impossible to judge with confidence
the species homogeneity or heterogeneity of the culture by morpho-cultural characters, since the shape and
size of microbial cells, the shape of the lactic acid bacilli colony varies markedly. Factors such as culture
conditions, bacterial growth phases, and others inhibit the work of the researcher. Our research has shown
that using MALDI-TOF-MS analyzes has become a part of the daily practical work of a microbiologist in
identifying lactic acid bacilli, and even surpasses the (classical) methods of microbiological identification
previously used by us in terms of speed and reliability.

According to literary data [12], in vitro lactic acid bacilli sensitivity tests are still poorly standardized.
The evaluation of antibiotic sensitivity of these bacteria is extremely difficult, because the size of the zones
recommended for other bacteria are not applicable to them. To these reasons are added specific conditions of
cultivation: enriched medium, complex composition of the atmosphere, prolonged incubation.

Domestic microbiologists K.Kh. Almagambetov, I.S. Savitskaya et.al. do not give the clear criteria for
the classification of strains of lactic acid bacilli to sensitive or resistant [13]. Therefore, empirical concentra-
tions in the antibiotic disc (pug/disc) that delayed the growth of at least one of the strains studied were select-
ed as boundary minimum inhibitory concentrations (MIC).
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K. Amupxanosa, P. boneesa, C. AxmeToBa,
A. Tyskosa, C. Koxaxmeros, A. Kymryryiosa

Kaparanabl 00J1bICHIHAA OHAIPUIETIH CYTKBIIIKBLIABI OHIMIEPAeH
06JIiHIN aJIBIHFAH CYTKBIIIKBLIABI 0alWLIaJapAbl HAeHTHPUKAUAIAY
YILIiH MaJIId MacC-CEKTPOMETPUSTHBI KOJJIaHy

Kasipri yakpITTa MHKpPOOpraHU3MIEpHAi HACHTHQUKAMSIAYIBIH JOCTYPi OAICTEpiHIH OpHBIHA IKeIeml-
omicrep Kosmanetyna. MALDI-TOF MS xeMeriMeH Macc-CIIEKTPOMETPHUSUTBIK ONICTI KOJJIAaHy KbBICKA
Mep3imMzie OpTYPIi MHKPOOPTaHM3MJEpAlI HAKTHl TyplAe HISHTH(UKAIMsIayra MYMKIHOIK —Oepeni.
CYTKbILIKBUIABL OaKTepHsuIapAbl MACHTHGHMKALUAIAY YIIH KOJIAAQHBUIATBIH KJIACCHKAIIBIK OICTep yY3aK
YaKbITTBl KaXeT ereii. MaTpuuaiblK Jia3epiik AecopOuMsuIbl MOHM3ALMSIBIK OJICeHIIpiIreH Macc-
cuekrpomerpus (MALDI-TOF MS) TexHOJIOTHACHIHBIH IMaiina OOJybl CYTKBIIKBUIABI OakTepHsuIapabl
3epTTey OOibIHINA KYMBIC IpoLecTepiHe eneyni esrepictep enrizgi. Makanana Kaparanabl 0OJBICBIHBIH
OpTYpIi aygaHAaphlHIA OHAIPIIETIH CYT KHIIIKBUIABI ©HiMAaepAeH (aipaH, KbIMBI3, allbIFaH KeXe, KYpT,
cy30e, ipimMIIiK) GeiHIN aNbIHFAH CYTKBIIKBUIAB! OalliuIagapaslH MOPGOIOTHSIBIK, JAKbIIIBIK KaCHeTTepi,
KBIIIKBUT TY3y KabijeTi, aHTHOMOTHKTEpre Ce3IMTANIBIFBIHBIH 3epTTeyiepl KapacTblpburrad. besinin
QIBIHFAH CYTKBIIKBUIIB! OamunianapAblH IITaMIAPBIHBIH TYPJIIK THICTUITH HASHTH(QUKAIMIAY Macc-
ciektpomerpain  MALDI-TOF xemerimMen kyprizingi. Mopdosiorusuiblk jkoHE MaKbULABIK —Oenrimepi
OoiipiHIIa OKYpri3inreH 3eprreynep onapuasiH Lactobacillus, Lacticaseibacillus, Lactiplantibacillus,
Limosilactobacillus TybICTaCTBIFbIHA JKaTATHIHABIFBIH KOPCETTi. 3epTTeyre ajblHFaH YiriiepaeH OesmiHim
QIbIHFAH CYTKBIIIKBULABL OauMiuiajgapabl Macc-CHEKTPOMETple HACHTU(HUKalusiay HOTWkKeciHze: L.
acidophilus (2 mramm), L.delbrueckiisub sp. bulgaricum (2 mramm), L. rhamnosus (7 mramm), L. plantarum
(2 wramm), L. paracasei (11 mramm), L. fermentum (2 mramMm) aHBIKTaIABL Score values MoHzepiHe colikec
QIBIHFAH HOTIKENEP HICHTH(HUKAIMSIHBIH JNIIITH KOPCETTI.

Kinm coe30ep: cYTKBIIKBUIIBI Oaruiuiaiap, MTaMM, ASHTH(GHKAINS, JaKbUITAHIBIPY, MacC-CIIeKTPOMETPHS
(MALDI-TOF MS), CYTKBIIIKBUIABI OHIMIEP, MOP(HOIOTHS, KOPEKTiK OpTa.

K. Amupxanosa, P. boaeeBa, C. AxmeToBa,
A. Tysikona, C. Koxaxmeros, A. Kymyrynosa

MAJIIA macc-cieKTpoMeTpus 1 HAeHTH(PUKAUI
MOJIOYHOKHUCJIBIX MAJT0YEK, BbIACJIEHHBIX U3 MOJOYHOKHUCJBIX IPOAYKTOB,
npousBoauMbIX B Kaparananuckoii o6aactu

B Hacrosmiee Bpems KiIacCH4eCKUE METOIbI HMIACHTH(PHUKAIMM MHUKPOOPTaHM3MOB 3aMEHSIOT JKCIIpecc-
MeTozbl. Macc-cnekTpomerpuueckuil Meron npu nomowmwd MALDI-TOF MS no3BonseT B KpaTKHE CPOKH
JOCTOBEPHO HACHTHU(PHIMPOBATH Pa3HOOOPAa3HBbIE MUKPOOPTAHHU3MEI, UTO SIBISIETCS HEOCIIOPHMBIM IIPEHMY-
IIeCTBOM B paboTe M MO3BOJSIET OBICTPO HIACHTH(HUIMPOBATE MHOXKECTBO MUKPOOPTAaHH3MOB 332 KOPOTKOE
Bpems. Kilaccudeckue MeTonbl HACHTH(GHUKAINE MOJIOYHOKHCIBIX OaKTepHi, OCHOBAaHHBIE Ha UX KYJIHTHBH-
poBaHUH, TPeOYIOT JUIMTENFHOTO BPEMEHH IS CBoeH peanm3anud. [losBreHne MaTpH4HON Jla3epHOH Ie-
COpOLMOHHOI MOHU3ALMOHHON BPeMANpPOJIETHOH Macc-ciekTpomerpun (MALDI-TOF MS) BHecno Gomnbiue
HU3MEHEHHs B paboume MpoIecchl MO MCCIEJOBAaHUIO MOJOYHOKHUCIBIX OakTepuil, He uMes cede paBHBIX IO
CKOPOCTHBIM XapaKTepHCTHKaM. B craTbe mNpeAcTaBIeHO HU3y4eHHE MOP(OIOrHYECKUX KYNbTYpPaJIbHBIX
CBOHCTB, a TaKKe KHCIOTOOOPa3yrome CIOCOOHOCTH M aHTHOMOTHKOYYBCTBUTEIBHOCTH MOJIOYHOKHCIIBIX
TIaJIOYEK, BBIIEJICHHBIX M3 MOJIOYHOKHUCIBIX IPOAYKTOB (alipaH, KyMBIC, allIbIraH KOXe, KypT, cy30e, TBOpor),
TIPOM3BOJMMBIX B pa3HbIX paifoHax Kaparanmunckoit o6mactu. OnpeneneHue BUIOBON IIPHHAUICKHOCTH BbI-
JICJIEHHBIX I[ITAMMOB MOJIOYHOKHCIIBIX IAJO4YeK MPOBOAWIM ¢ wucnoib3oBanueM MALDI-TOF wacc-
criekTpomerpa. I[IpoBefeHHbIe HCCIENOBAHMS 0 KyJIBTYpaIbHO-MOP(OIOTHIECKIM MPU3HAKaM CBUICTEINb-
CTBYIOT O MNPHHAWISKHOCTH uX K poay Lactobacillus, Lacticaseibacillus, Lactiplantibacillus,
Limosilactobacillus. B pe3ynbrare MACHTU(QHUKALUK HAa Macc-CIEKTPOMETpEe B MpPEACTaBICHHBIX 00Opa3uax
Obuto BBIABICHO: L. acidophilus (2 wramma), L. delbrueckiisub sp. bulgaricum (2), L. rhamnosus (7), L.
plantarum (2), L. paracasei (11), L. fermentum (2). B cooTBeTcTBUY CO 3HaUeHHEM Score values pe3ynbTaThl
CBHIETEIHCTBYIOT O TOYHOCTH UICHTH()UKALIIH.

Kniouesvie crosa: MOJOYHOKWCIBIC TIAOYKH, INTAaMM, WACGHTU(QHKAIWSA, KyJIbTHBHPOBAaHUE, Macc-
criekrpomerpust (MALDI-TOF MS), MOTOYHOKHCIIBIC TIPOIYKTHI, MOP(HOIIOTHS, TUTATENbHAs Cpea.
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