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ABSTRACT

Lactic acid bacteria, e.@ifidobacteriumspp.,Lactobacillusspp., Streptococcus thermoplilustc., are commonly used for
producing dairy and meat fermented products, inioeel as probiotics etc. and requires staying utidét control along each
step of strain utilization. Lactic acid bacteriavéa long history as industrial starters and tleeefienerally recognized as safe
(GRAS). Although streptococci are not GRAS orgamis@®treptococcus thermophiluare considered as food-grade and
originally used for yogurt, sour-cream and othdrydaroduction must be obeyed the same laws ag @GRAS microorganisms.
The methods for strain tracing must be precise @tidble. As phenotyping and serotyping rely on egexpression and,
consequently, may be unstable and result in ambiggpeciation, DNA-based characterization is nodelyi accepted. Several
molecular typing methods are presently availabttsome of them have been applied to oral streptdddns study was done to
determine whether fingerprinting techniques, randamplified polymorphic DNA (RAPD) analysis and pedsfield gel
electrophoresis (PFGE) are useful to identify aneheclassify oral streptococci on strain level. DMAs prepared and purified
from 25 strains of thermophilic streptococci inéhgl 2 reference strains @&treptococcus thermophiluend from 23 fresh
isolates ofS. thermophilugrom various fermented dairy products. DNA amphfion was primed with each of three arbitrarily
selected primers 15 to 22 nucleotides in lengtte amplified DNA fragments (amplicons) obtained weoepared by agarose
gel electrophoresis. For PFGE analysis was &edl restriction endonuclease. DNA patterns were obthion a contour
hexagonal pulsed electric field in agarose gelnditey the analysis of numerous other strains, #ta duggest that RAPD may
be of value: (i) to distinguish the specsthermophilupotentially from other species of LAB, (ii) to difientiate and possibly
classify thermophilic streptococci on intrasped@asl and (iii) as a valuable tool in lactic acidcberia controlling, by virtue of
its rapidity, efficiency and reproducibility in gerating genetic fingerprints of streptococcal iseda

Key words: LAB, RAPD-PCR, PFGE, intraspecific divergence

INTRODUCTION

Lactic acid bacteria are traditionally used astetamicroorganisms for dairy products with healtbmoting effect.
While probiotics seem not to have a major effecltering the composition of the gut microbiotagythmay have a
role in manipulating the immune system in relatiorspecific diseases that have an immunologicalagy, such as
inflammatory bowel diseases and allergies [6]. dsweported that ingested lactic acid bacteridaggrsurvive in
stressful conditions of gastric acidity and bildtsand therefore pass live through the gastrdiimastract [2]
where they may influence the content of endogenmisroflora. Streptococcus thermophiluas soon as
Lactobacillus delbrueckisubsp.bulgaricushave been classically used as starters for milindatation in yogurt
production. The concentration of these organismthéhuman or animal gastrointestinal tract has hemorly
examined in comparison with that of other probiati@ins.

In purpose of strain tracing during all steps sfutilization accurate techniques should be detexthiand used.
Traditional phenotyping and serotyping may givetabke results because of relying on gene expreskanefore it
took place the development of typing methods basedhe microbial genotype or DNA sequence, whiclpde
minimizing problems with typeability and reproduitity and, in some cases, enable the establishroéharge



databases of characterized organisms [4]. Moledyl@ing methods allow differentiation of microorgsms on
genus, species and strain levels. Recently it veagldped a number of new DNA typing methods whidt and
somewhere replace traditional typing with microbgital tests. There are such methods in this §SDHA-DNA
hybridization, restriction endonuclease analysiEAR multilocus enzyme electrophoresis (MLEE), tiyqong,
PCR and colony hybridisation with DNA probes. A PG&sed procedure of DNA fingerprinting, called trdyily
primed PCR (AP-PCR) or randomly amplified polymdmpBNA (RAPD) analysis, has been applied to strain
identification and typing of several groups of leaizt including streptococci [7]. The present stuggd RAPD
analysis and PFGE for typin§. thermophilusstrains and to explore the potential of this tgpimethod to
distinguish these from the other taxa that comphgegroup of thermophilic streptococci as soomilin species
S. thermophilugself.

Streptococcus thermophilus an available microorganism which can be usednadel LAB bacteria for both
applications, biomedical and fundamental.

MATERIALS AND METHODS

Bacterial strains and growth conditions. All 24 strains of Streptococcus thermophilugere isolated from

fermented dairy products (yoghurt, sour cream, sheesour clotted milk, cottage cheese, and souk)mil
manufactured in different regions of Russia, ad a&in Italy, Croatia, Slovenia, and France. Alhms used in the

present study are listed irable 1 Two cultures, B7637 and ATCC19258, provided by #il-Russian Collection

of Industrial Microorganisms were used as referestcagins ofS. thermophilusStrains were grown aerobically in
MRS broth (Oxoid) and M21 broth [1]. All culturesye incubated at 422

Table 1.The list of used bacterial strains with notificattiof source of origin and region.

Isolate Ne Source product Region
BC 201 Sour-milk drink Croatia
BC 216 Fermened milk beverage Croatia
BC 221 Sour-milk product France
BC 223 Sour-milk product France
BC 231 Sour-milk product France
BC 233 Sour-milk product France
BC 236 Sour-cream Russia
BC 247 Sour-milk product Slovenia
BC 250 Fermened milk beverage Croatia
BC 257 Starter Belorechensky dairy factory, Irkutsk region
BC 259 Kurunga (national sour-milk product) Buryatia
BC 310 Sour-milk product Croatia
BC 311 Sour-milk product Croatia
BC 313 Sour-milk product Croatia
BC 314 Sour-milk product Croatia
BC 316 Sour-milk product Croatia
BC 317 Sour-milk product Croatia
BC 322 Sour-milk product Italy
BC 323 Sour-milk product Italy
BC 324 Sour-milk product Italy
BC 332 Sour-milk product Astrackhan
BC 337 Sour-milk product Italy
BC 338 Sour-milk product Italy

Phenotypic characterization.All strains were characterized by morphology amdpde physiological tests. Ability
to grow at different temperatures was determineldl21 broth at 10C for a week and at 4&8°for 48 h. Growth in
the presence of 2 td6of NaCl was observed in M21 with salt additioneTadbility to grow at different pH and to
produce lactic acid was tested in sterile skimmdl at 42°C for 168 h. pH was measured with electronic pH-mete
“Mettler Toledo MP220". Ability to esculine fermeatton and exopolisacharide production was alsoneséd for
all strains (data of phenotypic characterizatioms ¥zken into account but not shown here).

Molecular techniques. Genomic DNA was extracted using the “DNA-sorb-AM” purifigah kit (AmpliSens,
Moscow, Russia) according to recommendations ofufiaturer or single colonies of the different simiwvere
employed as templates.

PCR reactions were performed at a Tercik MC2 DNArittal cycler (DNA technology, Moscow, Russia) with
AmpliSens- 200-1 kit withTaq polymerase (AmpliSens, Moscow, Russia). PCR m@duwere prepared as
following: 2-5uL of genomic DNA, 30Q:M of dNTPs, &L of 5X PCR buffer containing 0.Q8_ of 5% solution of
Na aside, 0.8M of eachprimerand 1 UTaqof DNA polymerase (AmpliSens, Moscow); distilledteawas added
to complete the final volume of the reaction.



For PCR the following primers were useff;, 5'- agagtttgatcctggctcag — 3’ [Boyer et al., 2)01492r. 5'-
ggttaccttgttacgactt — 3’ [3]. The primers were &gsized using the Biosset ASM-800 DNA synthesiZdrese
primers were designed for amplification the whateugence of 16S rRNA gene region of lactic acid dyéact The
length of expected amplification product is 1484 bp

RAPD-PCR assay.The RAPD-PCR conditions used with primers M13, d&jggtggcggttct-3' [4]; MSP, 5'-
gtaaaacgacggccagt-3' [9]; and ERIC-1, 5-atgtatmggggaticac-3' [10] were carried out was carried wsing
reagents from PCR-DNA kit (AmpliSens, Moscow) amimers synthesized using the Biosset ASM-800 DNA
synthesizer. Amplification temperature profile vassfollowing: 94€ for 120 s, 40 cycles of [9€°for 30 s; 45C

for 30 s; 72C for 80 s], 72C for 4 min (the duration of the whole program was 26 min).

PFGE assay Preparation of samples for PFGE was as followlag:terial biomass suspendedhmysiologicalsalt
solutionand centrifuged at 1000 for 3-5 minutes. The pellet was resuspended im&Dof distilled water and
mixed with 180mkl of hot 26 agarose (Sigma). This melted mix was used forgran of agarose bricks. The
bricks were incubated for 20 minutes at room terpee and afterwards for 20 minutes at 4-8Fhe cell lysis is
being produced directly in slices of DNA containiagarose plugs during incubation for 8-9 hours7&C3n the
solution containing lysozyme in concentration ahd per ml and 10mM of EDTA. Next step included tneent of
DNA with proteinase K at 58 for 16 hours. After that DNA blocks should be pedp washed with distilled water
and can be saved for some time in sterile conditetrdT in 0.9V EDTA. Restriction was produced following the
traditional protocols [Maniatis, 1984] in the prese of Sma restriction endonuclease and restriction buffers
(Fermentas) according to recommendations of theufaaturer.

DNA fragments were separated by PFGE iv@adgarose gel (type A, Sigma) that was prepared@amih an 0.5%
Tris-borate-EDTA buffer on a contour hexagonal &ledield (CHEF-DRIII, BioRad). The pulse of +6\fft with
gradual alteration of pulse duration from 5 to Eeands during 24 hours was applied. The buffernduthe
electrophoresis was being recirculated and the ¢eatpre of buffer was maintained at C4The electrophoresed
DNA was stained in the gel with ethidium bromide {ty/ml) and was visualized using an ultraviolet
transilluminator equipped with a standard gel pgaaphy apparatus.

Use of cluster analysis for the classification of RPD-PCR and restriction patterns. Registration of the RAPD
electrophoretic patterns, normalization of the densetric traces, grouping of strains by the Pearpooduct-
moment correlation coefficient)(and UPGMA cluster analysis were performed by méples described by Pot et
al. [5] using the software package BioNumerics pigd Maths, Kortrijk, Belgium). Similarities betwa strains
were estimated with Dice coefficient. Clusteringtbé pairwise distance matrix among molecular pesfwas
performed using the unweighted pair group methdt everage linkage (UPGMA).

16S rRNA gene sequence analysiEach PCR was performed with primers 8f and 149@e @bove) to amplify
16S rDNA (positions 8-1492 in tHescherichia colinumbering system). The PCR products were purif@dgukit
GenElute Minus EtBr Spin Columns (Sigma) accordimgnanufacturer recommendations. The purified DNa#sw
used for 16S rDNA sequence analysis performed aithautomatic DNA analyzer CEQ8000 Beckman-Coulter
(Beckman) and primers 8f as the sequencing priffiee. assembled partial rDNA sequences were compaited
sequences in the GenBank database [4]. The Genefaplence AY1883545( thermophiluATCC19258) was
used as reference. Comparative analysis was pertbrmwith data from NCBI database
(http://www.ncbi.nim.nih.gov/blast Sequencing results were collected and clustesed)y package software Mega?2
in Internet (http://www.megasoftware.paind BioNumerics (Applied Maths, Kortrijk, Belgigm

RESULTS AND DISCUSSION

In current study it was made an attempt to createulliparametric library of lactic acid bacteria olates of
Streptococcuthermophilus The 24 isolates from natural sources (self-fetelairy products, plants’ surface and
mammals) were used. We investigated the interesh@fcomposition of RAPD-PCR protocols with diffiere
primers and PFGE for certification of streptocostrains. All isolates were amplified and analyzeithvéma
endonuclease. All results of molecular testing af as data of biochemical and phenotypic analysse collected
for every single strain to provide certificationhmcteria.

The method of pulsed-field electrophoresis (PFG&)domly amplified polymorphic DNA analysis (RAPLER)
and gene sequencing were used for characterizatisolates. Primer M13 was designed for minisaéeequence
of bacteriophage M13. As it was shown earlier, nastteria contain plural repeats of satellite saqaeof M13 [8,
9]. Primer ERIC-1 was designed for the 126 bp nedarated outside the coding region of bacterialogee, and
contained highly conservative central inverted e¢pf@]. Primer MSP earlier was used for identifieat and
differentiation ofBifidobacteriumsp. The convergence of analyzed strains with &jpétrain ofS. thermophilus
estimated with RAPD-PCR method is presented in tpadéine equivalents%). Results are shown in surface
dendrograms and three-dimensional chafig.(1la, 1. Cluster analysis of RAPD-PCR electrophoretictgrat
was carried out by the Pearson correlation withGber procedure showed high level of interspecigsrdence of
S. thermophilus

It was demonstrated that two-dimensional dendrogramost adequately reflected the relatedness aedétdtions
of the system components (strains within clustefs)the same time, three-dimensional dendrogranowiged



estimation of a distance between the total daty bod the deviated component. Numerical analysth@patterns
obtained with primer M13, provided identificatiohseven clusters. The first, most abundant clugstehided thes.
thermophilusreference strain ATCC19258, along with BC216, BZ;2BC231, BC223, BC310, BC233, BC221,
BC201, BC247, BC236, BC259, and BC257. The sectuster was formed by the strains BC323, BC322, BC33
BC332, and BC329. The third cluster consisted ef gtrains BC324, BC338, and BC316, and the fourhter
contained the strains BC311 and BC317. The fiftkths and seventh clusters were composed of sisigins of
BC313, BC314, and B7637, respectively. The levaiofilarity within one cluster ranged from 77.399.4%, and
between the strains from different clusters, fromt8 63.836. RAPD-PCR with primer M13 showed the lowest
reproducibility at the range of ¥®between the three variantsd. 2a, 2. The high level of polymorphism among
the patterns obtained with primer M13 providedat#intiation of the bacterial isolates at the strewel.
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Fig. 1a. The clusters of RAPD patterns of 25 strains ofritagrhilic streptococci obtained with primer M13.&tr designations
are shown to the right from the lanes. The dendmogbranches with similarity level under reproduiipithreshold
(lower 70% here) are shown as single clusters and marked deigh line. The dendrogram branches with similarity
level over reproducibility threshold are drawn wfittm line. For each branch the magnitude of cofieneorrelation is
demonstrated. The 1-kb scale of DNA fragment mdéaize is shown above the clusters.



Fig. 1b. The clusters of RAPD patterns of 25 strains ofrtimgrhilic streptococci obtained with primer M13 dasged as three-

dimensional chart and designed with use of Peargefficient.
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Fig. 2b. The clusters of RAPD patterns of 25 strains ofrtigphilic streptococci obtained with primer MSPpiés/ed as three-
dimensional chart and designed with use of Pearsefiicient.

Numerical analysis of patterns obtained with pritSP. Four main clusters were found at th&&milarity level
(Fig. 3a, 3b). The level of similarity within onduster ranged from 79.1 to 994 The first cluster included the
referenceS. thermophilusstrain ATCC19258 along with the strains BC323, B&3BC337, BC324, BC332,
BC329, BC250, BC236, BC221, and BC201; the secamdilarly abundant) cluster was formed by the siai
BC259, BC314, BC247, BC233, BC223, BC311, BC3173BC BC313, BC322, BC316, BC257, and BC231.
Almost all S. thermophilustrains were found in clusters 1 and 2 with theepkion of strains B7637 and BC216
(clusters 3 and 4, respectively). ReproducibilifyRAPD-PCR with primer MSP was %& MSP represents rather
conservative region of bacterial genome. The fragnedectrophoretic patterns are similar. Substhidtiviation
from the total strain set was demonstrated by tfens BC216 and B7637 with the similarity levels5d.8 and
34.2%6, respectively. The ability of first strain to gefase and ribose fermentation distinguishes it fribm@
reference representatives @&. thermophilus BC216 was also capable to exopolysaccharide ptimatu
Physiological and biochemical properties of theosecstrain were indistinguishable of those of tbéerence
strains. Therefore, the use of RAPD-PCR with prild&P and cluster analysis would allow the iderdificn ofS.
thermophilus.
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Fig. 3a. The clusters of RAPD patterns of 25 strains ofrtfaphilic streptococci obtained with primer ERIC-1.



The RAPD-PCR variant with primer ERIC-1 charactediby highest reproducibility of 88 (Figs. 3a, 3b showed
two homogenous clusters at the similarity leved@¥ and within the clusters ranging from 89.8 to 98.3 he first
cluster was formed by the strains B7637, BC250, B and BC329. The second cluster included all¢haaining
strains, except BC310 and BC216, which formed liivel tand fourth clusters, respectively. The fingarppatterns
are more homogenous than in two previous variah&A&D. The reason is higher conservative regiogesfome.
All strain fingerprints (except for BC310 and BC2I®ntained the 600-bp fragment. Thus, two straimsof the
whole collection examined, formed a separate alu3tiee similarity level of 73% was between these strains, and
68.9% between these strains and the others. It is stefyeéat ERIC-1 genome region is the most suitéire
identification of the bacteria at higher taxonorteéwels, such as species level and higher. Forrdasons, it is
considered that RAPD-PCR with primer ERIC-1 canused for the identification of bacterial isolates an

additional test (along with the analysis of the FI$A gene structure) for the belonging of the sisaéxamined to
S. thermophilus
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Fig. 3b. The clusters of RAPD patterns of 25 strains of rtiaphilic streptococci obtained with primer ERIC-kmlayed as
three-dimensional chart and designed with use afda coefficient.

Restriction fingerprints obtained with PFGE wersoaincluded. Cluster analysis of restriction paewas carried
out according to Dice correlation. Reproducibildy PFGE with Smal endonuclease fof. thermophiluswvas
estimated as B8. The most number of analyzed strains were joimetivo main clustersKig. 4). Strain pairs
BC257B(C259,BC311BC313,BC310BC337,BC322BC323,BC231B7637 gave absolutely identical restriction
pictures.Restrictograms of other investigated isolates dnathDNA fragments of close molecular weighig 4).
The similarity level within one cluster ranged frath to 86.86. Such low similarity value between strains tessfi
that this method doesn’t provide adequate resoltsrdlatedness of single strains to each otherfandighly
effective certification of strains 06. thermophilusof close origin. Molecular size of DNA fragmentancbe
estimated using molecular ladders. Summarizingatbight of all fragments the genome size can bestegd and
will be an important feature of this certain stra®denome size of investigated streptococcal stream@d from
1.417 Mb to 2.000 MbTable 3. Molecular weights (given in kb) and number oftrigtion fragment of genome

DNA of investigated streptococci as soon as thal mums corresponding to the whole genome sizestawa/n in
Fig. 4.

Table 2.Restriction fragments sizes of genome DNASothermophilugconveyed in kb scale).
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Fig. 4. Restriction fingerprints of genome DNA of strainem different similarity groups according to clustmnalysis of
restriction patterns obtained by PFGE wiimalendonuclease: 1) BC311, 2) BC338, 3) BC313, 4) BC31BO3R9, 7)
BC332, 8) BC310, the right lane — genome DHgtriction pattern of.coli JC7623 obtained by PFGE wikotl
endonuclease used as marker.

Strain affiliation was identified by partial sequérg (first 500 bp) of 16S rRNA gene. As controimgdes it were
taken two typical strains &. thermophiluATCC19258 and B7637. Results of sequence comparisosharen in
Table Error! Reference source not found. Homology level given in percentage was ratedntgknto account
phylogenetic genetic distances which reflect vanie of nucleotide mismatches per each 100 bp terdéned 500
bp part of 16S rRNA gene of investigated strainemidlogy range arranged from 99.5 to ¥0Maximum
divergence at 99% has been shown for one strain, BC216.

CONCLUSIONS

As it was shown in this work the RAPD-PCR is anegptable method for classification and typing, tlatgrns
obtained from amplification with different primensay be used for identification on higher or lowérlogenetic
level. Several primers can be combined. The praesdior reading the patterns, calculating simyjacdt distance
measures, clustering the patterns require speqigipment and software but can provide information gtrain
certification. RAPD-PCR with at least two sepanatieners coupled to hierarchical cluster analysisa powerful
and convenient tool for the classification and mgpbf thermophilic streptococci of dairy origin. iStresult may
reflect a limitation to the use of a single primeise of RAPD-PCR for typing and investigation ofraspecific
strain affiliation of S. thermophilushowed that similarity coefficients vary widelyr fRAPD-PCR variants with
different primers. The widest diversity, from 7%3o0 99.4%6 within the range of one cluster and less tha# 70
between clusters of the diagram, can be seen oitged RAPD-PCR with primer M13. This variant cha used
for intraspecific strain characterization. RAPD-P@Rh MSP primer shared the group of investigatieiss on
more heterogeneous clusters with similarity cogdfits range within one cluster from 7%10 99.%46. At the same
time electrophoretic picture of patterns bored elasnilarity for 24 isolates that gives an evidemdx®ut lower
sensitivity of this variant of RAPD to genome diffaces of strains in one species, that data cosfitme
corresponding genome region to be less subjectegenetic reorganizations. The third variant of thethod,



RAPD-PCR with primer ERIC-1 also allowed separatiwg strains from the whole group of the strainfuster
analysis gave two clusters with inner similarityefficient from 89.86 to 99.3%6. Stated data brought us to the
conclusion that RAPD-PCR with primer ERIC-1 is thest match for certification of bacteria on higher
phylogenetic levels than strain one and providessgary data for rating the isolateStothermophilusMoreover,
when the purpose is identification rather thangifamtion, cluster analysis is less appropriatetfi@ interpretation
of the results. The most precise method for ideatifon of unknown strain remains sequencing of ARSA gene.
Even partial sequencing allows distinguishing odisis. Use of fingerprinting methods such as genoestiction
and PFGE or RAPD-PCR should be used as reliablg fomestrain certification and as an instrumentdontrolling
strain reformations.
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