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1. INTRODUCTION

It can be said without exaggeration, almost a tei@h has gone on in the last 30 years in the
microbiology. However it is less know and appresukits effects open up new perspectives in
the medicine, agriculture and also in the food stdu The new, chiefly molecular biology
methods and techniques discovered that much of fohen of life enhance in the
microdimensions. Diversity of viruses, bacteriangy algae and protozoans exceed the
diversity of the better known and abounding maaganisms, flora and fauna.

The new microorganisms, which are waiting for thecovery, are the repository of
the genetical versatility and metabolism. The discp of this will has far-reaching
consequences and will impact on several area ofipahlife, such as the enhancement of the
agricultural production, food preservation, improment of food safety and quality, new,
efficient medicines, recycling of the wastes andpdsal of the environment damaging
pollutions.

It can be said generally the microorganisms inftloels and raw materials, when they
grow up, decrease the quality of the product, nep@lage, however in several cases they
contribute to the character of the product, moreatey increase the self-life and the
enjoyment value of the product and they have bela¢#ffect on the health of the consumer.
The food microbial investigations cover the raw eniais, the processing line and the end
product, however in point of view of the food chéie investigation of the microbial state of
the environment and monitoring of the microbialmdps during the transport and distribution
Is necessary, because of the safety and approfw@deproducts.

Several microbiological methods, which are appb&t in our days, are developed
more than 100 years before. Millions of the invgeiions are made with this traditional
culture methods, nevertheless these are time-, -waté@ material-consuming and the result
could be estimated often just after several daySAIR, 2006a; DEAK, 2006b). Because of
this the traditional culture methods, where thanlyvcell number are counted, are not
appropriate to obtain the microbiological resuttsiproactive, preventive, for the demand of
modern quality control appropriate quick and eéfidi way. The moving force of the
modernization of the methods is the increasing lpralof the microbiological safety all over
the world and the methods should adapt to the e¢hgngpnditions of food production, -

process and distribution. The detection of the dpeda non-reproducible, but living



microorganism is also important. These changed ddmaequire we get the results faster,
from more samples with less work, cheaper and seanore informative. For the satisfaction
of these demand the microbiology can call the tamfisseveral associate-science and -
specialty, for example the analytical chemistryygptal chemistry, enzymology, immuno-

biochemistry and biotechnology, moreover the resolt molecular biology and genetic

engineering, the sensor- and instrument-developmiais of the electronics and the

computing technology to help. The modern microliglanethods can detect the microbe-
biomass selectively and determine the growth aedntletabolites of the microbes with the
help of these methods (FARKAS, 1998).

The sensitivity of instrumental methods, namely libwer limit of the detectable cell
concentration still lags behind significantly frothe classical culture methods, and the
increasing of the sensitivity of these methods ientasually the increasing of the time
demand of the investigations. In the further depelent great emphasis has placed on the
increasing of the sensitivity of the rapid metheasl the enhancement of the specificity, as
well as on the detection of the viable but nonuralble cells.

The lactic acid bacteria, including the lactodaaile close to human for thousands of
years, which is not surprising, since these miganisms can be found in our environment in
several niches, for example on the surface of plantthe soil and in the human intestinal
tract, in this way they contribute significantlyttee support of the health immune system and
help the digestion process. Tlaetobacilli exert their beneficial effect by their primary and
secondary metabolites. The mankind used these ibeh@iroperties already before our era to
ferment vegetables, meat and milk, in such waygmwplthe self-life of the foods. These
microorganisms increase to a great extent the tigjéy and the enjoyment value of the
food products, beyond the prolongation of the gfertame.

Over these beneficial activities, the daily intakfea food product, which contains
Lactobacillusin an appropriate amount, so called probiotic 8pachproves the functions of
our immune system and decrease the risk of therague of several diseases.

»There is not any other group of bacteria, like thetic acid bacteria, which has so diverse
relationship with the humans. Because of it is ingo@ and necessary to better know they.”
(DEAK, 2005).



For this reason the aims of my work are to sédacteriocin producer strains from the
Latobacillus genera with molecular biology method and to dgwvedo colorimetric rapid
method based on the measuring of dehydrogenasatyatti measure the inhibitory activity
of the bacteriocin, which method enables the qulekect of the living cell numbers of

microorganisms.



1.1. AIMS

My

research aims were:

To adapta quick, alternative colorimetric method based lo@ measurement of
dehydrogenase enzyme activity for analyzes viab&l cumber of the
Lactobacillusstrains, which is also applicable for measuring itthibitor activity
of bacteriocins.

To determine the parameters of the newly develapethod (such as pH, media,
incubation time), the achievement characteristicgté possible validation and its
comparability with traditional methods measuringpabiable cell numbers.

To devise DNA isolation method for detecting bacign coding genes, and to
optimize the PCR assay.

To isolate the protein-like inhibitor by gelchrorogtaphy from the supernatant of
strains, which contain the PCR-identified bactariofplantaricin) coding genes
and to determine its molecular weight.

To certify the inhibitor activity of the isolatedébteriocin.



2. MATERIALS AND METHODS

2.1. Microorganisms used for the experiments

Lactobacillusstrains:

Lactobacillus acidophiludN2, Lb. caseisubsp.caseiDMF 30120 154 b. casei2107,Lb.
casei2752,Lb. caseR756,Lb. case?2763,Lb. caseiShirota,Lb. curvatu2768,Lb. curvatus
2770, Lb. curvatus2771, Lb. curvatus2775, Lb. delbrueckiisubsp.bulgaricus B397, Lb.
fermentumD13, Lb. fermentumDT41, Lb. paracaseisubsp.casei DMF 30136 SF1,.b.
paracasei subsp. paracaseiDMF 30134 05,Lb. paracaseisubsp. paracasei2749, Lb.
paracaseisubsp.paracasei2750, Lb. plantarumDMF 30131 01,Lb. plantarum2108, Lb.
plantarum2142,Lb. plantarum2741,Lb. plantarum DSM 9843 299v] b. plantarumVES56,
Lb. rhamnosu®MF 30105 VT1Lb. rhamnosus$G, Lb. sakeDSM 2001 7sakei

Bacterium strains for control:
Thermoplasma acidophilum DSM 1728, Thermobifiddubesilytica DSM 44535,
Escherichia colDH10B

2.2. Broths

Syntetic, laboratorial broths: de Man, Ragosa, gh@MRS) tapleves, MRS agar, MRS soft
agar, milk broth

Natural media: jerusalem artichoke broth, red beeth

2.3. Applied methods

The cell number, the growth and the sensitivityimgiathe inhibitor materials of the examined
lactobacillus strains were examined by plate-poethwod, agar diffusion method, turbidity
method (on microtiter plate, at 630 nm), and tinthier-developed 3-(4,5-dymetyl thiazol-2-
yh)-2,5-diphenyl-tetrazolium-bromide (MTT) coloririvee method.

For the molecular biological analyses, DNA in adgququantity and quality from the
examined microorganisms was recovered by a combmethod of a Wizard and a
QuickGene-mini80 DNA isolation. The DNA fragmentm@ified by the adapted PCR
technique were detected by polyacrylamide geledpbioresis.



According to the presence of bacteriocin codingegeproteins in supernatant containing the
PCR-selectedLactobacillus were fractionated by gelchromatography (semifsstit
Molselect G-25, 40-12Qm). The inhibitor activity againdtb sakeiDSM20017 strain of the
separated fractions was controlled by turbidity sseaments on microtiter plate. The
molecular weight of the inhibitor fraction was detened by SDS-PAGE.



3. RESULTS

My research aim was to develop a quick, altereatinethod base on the measurement
of dehydrogenase enzyme activity for analyses®L#ttobacillusstains, which is suitable to
measure the number of viable cells and theirs geitgi against different inhibitors, which
needs less time than the traditional method basexlibivation.

For the 3-( 4,5-dimethyl thiazol-2-yl)-2,5-dipheftgtrazolium bromide MTT colorimetric
assay originally developed for mammalian cells igtsidthe first step was to determine the
optimal concentration of the tetrazolium bromide9(8ng/l MTT) in the measuring cell
concentration range of the analysadtobacillusspecies (1610° cell/ml) and the incubation
time.

When | was working out this method my experien@s wimilar to the literatures as
several chemicals may influence the reduction ofTMand the applied MRS and the
Jerusalem artichoke broths for lactic acid bactgniawing caused tetrazolium bromide
reduction and therefore it disturbed the accurddii®@measurement. So it was concluded that
In every cases it was necessary to remove the broth the surface of the bacteria cells
before adding tetrazolium bromide and the followimgubation.

During optimization the 2 hours and 3C incubation was ideal, regarding that my
aim was to develop a quick method. During the ddlis method it has been discovered that
the dehydrogenase activity of the lactobacillusscgépend on not only the number of viable
cells and the growing speed, but also depend osttaas, and even the composition of the
applied cell-grow medium also has an influenceto®a it can be declared that prior special
calibration is needed for the developed MTT methodcevaluate the accurate viable cell
number in the case of dllactobacillusstrains and it is important to pay attention te th
applied broth as well.

Furthermore thereductive ability of the tetrazolium bromidghowed decreasing
tendency as the pH decreased. Under controlledmastances and parameters, there is close
correlation between the concentration of the coedbemazan crystals and the number of
viable cells.

This developed colorimetric method is suitablededermine the viable cells of the
lactobacillus in less than 4 hours.

| developed a quick method, which can carry ou iml eppendorf tube (9mg/ml
MTT, 2 hour-incubation, 37C) and in 96-well microtiter plates (8 mg/ml MTT, Hbur-



incubation, 37C), so it needs less chemicals and it is also pabfe that it can be used for 32
samples in three parallels.

My further aim was to seletdctobacillusstrains from strain-collection based on their
bacteriocin production by the means of moleculaldgy methods. To achieve this aim, |
worked out a new isolation method to obtain the DN#Athe lactobacillus strains. The
combination of the Wizard and the QickGene-mini89Aisolation method was the novelty
of this developed method, which improved the efficly in quantity and purity of the DNA
isolation from the bacterium cells.

| optimized the PCR method for identifyingctobacillus strains and detecting the
plantaricin bacterocin coding gene. Firstly | haddetermine the optimal parameter of the
PCR reaction (optimal concentration of the primed #éhe template DNA, optimal primer-
binding temperature, PCR cycle number), which isessary for the single template DNA
amplification.

100 ng template and 0.,8M primer concentration resulted in the strain-sfpieci
detection of lactic acid bacteria (IFL-IRL primeggve the sharpest DNA fragment bands on
gels of electrophoretic measurements. The nextwgépto choose the proper temperature of
the primer binding or annealing. Applying the pomsly optimized reaction mix
composition, the analyses were achieved on 52-6@rfi@er binding temperature. Results
showed that the most acceptable primer binding ésatpre was 59 °C. Under these adjusted
parameters, | used 33 cycle-reaction period.

For the plantaricin gene-specific PCR reactios,X00 ng template and Qu&1 primer
concentration (PInA1-PInA2) was the most suitalblee optimal primer binding temperature
was 55 °C, and the 33 cycle —reaction period wss asable.

I managed to select successfully several sti@hs2108; 2142; 2750; 2756; 2768;
2775; 299v;sakej VE56; N2), which has plantaricin coded gene. Thpernatants of the
selected species were fractionated on column bgnehtographical method, and from the
fractions, which the growth of the test microorgami Lactobacillus sakei DSM 20017)
inhibited, the presence of bacteriocin was detebie&DS-PAGE and its molecular weight
(1.43 kDa ) was also determined. By the means af ptate technique, | do proved that the
detected protein was the responsive for the gromitbitor of theLactobacillus sakeDSM
20017 strain.
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4. NEW SCIENTIFIC RESULTS

1. | successfully adapted the MTT method primarily deeloped for human cells by
Mosman (Wang et al., 2007) for counting viable celhumber of Lactobacillus
strains. | defined the optimal parameters: bacterium cell concentration, MTT
concentration, incubation time, pH effect, whichiafluences the correlation between
the cell number and the formazan concentration. fle¢hod was miniaturized on
microtiter plate (Hegyi et al., 2012).

2. | established that the quantity of the evolvingriazan (dehydrogenase activity) were
significantly different between certain strains,igthwas significantly influenced by
the composition of the broth for individual strasms well.l certified that differences
in dehydrogenase activity also existed in case offférent carbohydrate based
media, which provided the same growing speed of bisria.

3. | certified that the developed method was not sersie for dead cells. In view of
calibration curve of the analysed Lactobacillus stain cell concentration grown on
MTT and the optical density of the given sample, té ratio of the live and dead
cell can be determined.

4. The developed protocol is suitable for analyses ttie sensitivity of certain strains
to those components, which inhibit their growth Furthermore, this method is
adaptable to determine the minimal concentrationth@ inhibitor, which was
confirmed by use of nizin.

5. I adapted PCR to detelcactobacillion the base of their DNA.proved the presence
of plantaricin-coding gene by PCR, the bacteriocimproduction of those strains,
which possessing the gene. | also confirmed the empsion of the gene and

determined the molecular weight of the gene-products well.
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5. CONCLUSIONS AND SUGGESTIONS

According to my results, | observed that the 3¥{dimethyl thiazol-2-yl)-2,5-
diphfenyl-tetrazolium-bromide (MTT) colorimetric itied can be adaptable to determine
quickly the live cell number dfactobacilli, the effect of inhibitor components, and the dffec
of different environmental parameters on the cielbity.

The method can be also used for quick analyseswdral foods, mostly functional
products, which have to contain exact number & gells till the consumption in order to be
able to provide the expected beneficial impact ftics). Furthermore, its usage could be
more important for a quick detection of the spadland pathogen microorganisms, which is
possible with some modification of parameters efrtethod.

Due to the changing dietary habits of peoplentéaare increased to food with natural,
favourable nutritional value and long preservativee, treated by a moderate preservative
procedure and made with natural preservatives.

Lactic acid fermentation is an excellent methodtfe production of these kinds of
food products, at which besides there is acidieatfintimicrobial materials (bacteriocins)
can be produced contributing to their long selfage and supporting favourable nutritional
characteristics.

So the selection of the lactic acid bacteria atiogrto their bacteriocin production has
a great importance. To achieve this selection, lkdeseloped molecular biological method
is essential, by the help of which the presence/lzcthe bacteriocin coding gene can be
detectable. It is also important to make sure endakpression of the bacteriocin coding gene
under the certain technological circumstances. ukthér research aims full examination of
those environmental factors which induce and enddhne bacteriocin production of strains
should be significant by the help of the developeihod.
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