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MopLaKEC TEXVIKEC ME edpapuoyn otn Blotexvoloyia
TPpodipwyv



Ye avtiBeon pe TIC MPOUTIAPXOUOEC KAQOLKEC HLIKPOBLOAOYLKEG TEXVIKEC Tou Pacilovtal
KUplwG otn ¢alvotuTilky Kataypodn Kol mapathpnon, HME OMOTEAECUA TN TEPLOPLOMEVN
SLOKPLTIKA KAVOTNTA, Ol HOPLAKEC TEXVIKEC otnpill{ovtal OTn YOVOTUTILK ovAAucon Twv
ULKPOOPYOAVIOMWYV. [1l0 CUYKEKPLUEVA, TIPOYUOTOTOLOUVTOL HUEAETN KOL XOPOKTNPLOMOC TWV
VEVETIKWV SELKTWV TWV ULKPOOPYAVIOHWVY HECW KATAAANANG emeéepyaociag TOU YEVETIKOU TOUC
LUALkoU (DNA). Mia arod TG TILo OTTOTEAECHLATIKEC KOl QLELOTILOTEC TEXVLIKEC €lval N SOKLUA TNC
MoAAarAng AAvoldbwtng Avtidpaon MoAvpepaonc (Multiplex Polymerase Chain Reaction —
MPCR).



H édokwun t™¢ MoAAanmAn¢ AAvowdbwtiic Avtibpaon MoAuvpepaonc (Multiplex Polymerase
Chain Reaction — MPCR)

ApXLKQA, VIVETOL CUYKPLTLK MEAETN TNG aAAnAouxiog evoc kKaBoAlkoU yovibiou PE OKOTO TNV
avixvevon moAvpopdlkwyv Bcoewv, OSnNAadn XOPOKTNPLOTIKWY YL TO OTEAEXOC TIPOC
Slepelivnon YEVETIKWV TIEPLOXWV. 2TN OUVEXELR, PBaon twv TOAUMOPPLKWY QUTWV BEoswv
oxedlalovtal oL avtiotolol ekKvNTEC yia tn dokiury MPCR. MapdAAnAa yivetal amopovwaon
VEVETLKOU UALKOU QO TOUG ULKPOOPYAVIOUOUC, TO omoio Ba xpnotpomnolnBsl we pAtpa yla tnv
avtibpaon moAuvpeplopou. H aviibpaon mpayupatomnoleital o €06kl ocuokeun (Bepuikog
KUKAOTIOLNTAG) KOl TO OITOTEAECUO UTITOPEL VAL YIVEL yWWOTO 0€ AlyoTtepo amo pia wpa. H MPCR
XopaKktnpilletal yla tn taxutnta, tnv vPnAn enavaAnPlpotnto Kot tTn SLoKPLTLKN LkavoTnta
Nnc. Npoodata, €xel xpnotpornolnBel yia tnv aviyvevon tou L. casei ATCC 393 o KAAALEPYELEC
NPOBLoTIKWV Tpodipwv aAAd Kal o€ BloAoywka delypata.



Multiplex PCR: Critical Parameters and
Step-by-Step Protocol

BioTechniques 23:504-511 (September 1997)

O. Henegariu, N.A. Heerema,
S.R. Dlouhy, G.H. Vance and
P.H. Vogt!

Indiana University, Indianapo-
lis, IN, USA and 'Heidelberg
University, Heidelberg,
Germany



Optimization of Multiplex Reaction
Components

Amount of primer (Step 5, B and
C). Initially, equimolar primer concen-
trations of 0.2-0.4 uM each were used
in the multiplex PCR (Figure 3c), but
there was uneven amplification, with
some of the products barely visible
even after the reaction was optimized
for the cycling conditions. Overcoming
this problem required changing the pro-
portions of various primers in the reac-
tion, with an increase in the amount of
primers for the “weak” loci and a de-
crease in the amount for the “strong”
loci. The final concentration of the
primers (0.04-0.6 uM) varied consider-
ably among the loci and was estab-
lished empirically.
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trations of 0.2-0.4 uM each were used
in the multiplex PCR (Figure 3c), but
there was uneven amplification, with
some of the products barely visible
even after the reaction was optimized
for the cycling conditions. Overcoming
this problem required changing the pro-
portions of various primers in the reac-
tion, with an increase in the amount of
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crease in the amount for the “strong”
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primers (0.04-0.6 uM) varied consider-
ably among the loci and was estab-
lished empirically.

dNTP and MgCl; concentrations
(Step 5D).

dNTPE The significance of the dNTP
concentration was tested in a multiplex
PCR test with primer mixture Y-4.
Magnesium chloride concentration was
kept constant (3 mM), while the dNTP
concentration was increased stepwise
from 50-1200 uM each (Figure 4b).
The best results were at 200 and 400
uM each dNTP, values above which the
amplification was rapidly inhibited.
Lower dNTP concentration (50 uM) al-
lowed PCR amplification but with visi-
bly lower amounts of products. dNTP
stocks are sensitive to thawing/freezing
cycles. After 3-5 such cycles, multi-

plex PCRs often did not work well;
products became almost completely in-

visible. To avoid such problems, small
aliquots (2-4 pl, 10-20 reactions) of
dNTP (25 mM each) can be made and
kept frozen at -20°C and centrifuged
before use. This “low stability” of
dNTP is not so obvious when single
loci are amplified.

MgCl,. A recommended magne-
sium chloride concentration in a stan-
dard PCR is 1.5 mM at dNTP con-
centrations of around 200 uM each. To
test the influence of magnesium chlo-
ride, a multiplex PCR (mixture Y-3)
was performed, keeping dNTP concen-
tration at 200 uM and gradually in-
creasing magnesium chloride from
1.8-10.8 mM (Figure 4c). Amplifica-
tion became more specific (unspecific
bands disappeared), and the products
acquired comparable intensities (at
10.8 mM). In PCRs with up to 20 mM
MgCl,, products became barely visible,
as if the reactions were inhibited (not
shown).




Amount of template DNA and Taq
DNA polymerase (Step 5, A and D).
At DNA template quantities between
30 and 500 ng/25 pL reaction, mixture
Y-3* showed no significant differences
(Figure 4f); however, below 30 ng the
amount of some of the products de-
creased. When the amount of template
DNA is verv low (pg of DNA), efficient
and specific amplification can be ob-
tained by further lowering the anneal-
ing temperature, sometimes by as much
as 10°-12°C (data not shown).

Different concentrations of Tag
DNA Polymerase (Perkin-Elmer) were
tested using primer mixture Y-3 (Figure
5a). The most efficient enzyme concen-
tration seemed to be around 0.4 pL or 2
U/25 pL reaction volume. Too much
enzyme, possibly because of the high
glycerol concentration in the stock so-
lution, resulted in an unbalanced ampli-
fication of various loci and a slight in-
crease in the background. Five native
Tag DNA polymerases, from five dif-
ferent sources, performed similarly on
mixture Y-4 in 1.6 PCR buffer using 2
U725 uL (Figure 5b).

We have presented a series of exam-
ples of testing various parameters to
optimize multiplex PCR. Optimal com-
bination of two of these parameters. an-
nealing temperature and KCI (salt) con-
centration, is essential in any PCR to
obtain highly specific amplification
products. Magnesium chloride concen-
tration needs only to be proportional to
the amount of dNTP. and these values
can be constant for any reaction. Al-
though gradually increasing magne-
sium chloride concentrations may fur-
ther influence the reaction, the other
two parameters mentioned seem to be
much more important in obtaining spe-
cific, high yields of PCR product(s). In
multiplex PCR, adjusting primer
amount for each locus is also essential.
Figure 1 illustrates a rational approach
for developing efficient multiplex
PCRs. The list of various factors that
can influence the reaction is by no
means complete. Nevertheless, opti-
mization of the parameters as presented
in this work should provide a basic way
of approaching some of the common
problems of multiplex PCR.




Multiplex PCR:step-by-step protocol
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The hsp60 gene sequences of all 56 Lactobacillus strains available in GenBank, including the L.
casei ATCC 393 strain, were obtained by the National Center for Biotechnology Information
(NCBI). The sequences were aligned against each other using the DNA sequence alignment
tool, ClustalW2 (European Bioinformatics Institute — EMBL). Extensive analysis allowed the
identification of polymorphic sites that are unique for the L. casei ATCC 393 strain.



Table 1. List of Lactobacillus strains included in this study

Reference strains Collection No. Accession No. Bases at diagnostic sites (78, 156, 189)
Lactobacillus acetotolerans DSM 20749 AF429666 A-T-T
Lactobacilius acidipiscis DSM 15836 Ale21719 T-A-T
Lactobacillus acidophilus DSM 20079 AY424311 T-A-T
Lactobacillus alimentarius DSM 20249 AY424318 T-A-T
Lactebacillus amylophilus DSM 20533 AY424319 G-A-C
Lactobacillus amylovorus DSM 20531 AY424312 C-A-T
Lactobacillus bifermentans DSM 20003 AY424320 T-T-C
Lactobacillus brevis DSM 20054 AY424329 T-A-C
Lactobacillus buchneri DSM 20057 AY571676 T-C-A
Lactobacillus casei ATCC 393 AY 424336 G-C-T
Lactobacillus casei ATCC 11578 n.a. n.a.
Lactobacillus casei DN1 14001 n.a. n.a.
Lactobacillus casei BB-12 n.a. n..
Lactobacillus casei CCCB1241 AF429642 C-A-C
Lactobacillus casei DSA-FB2 AY424335 C-A-C
Lactobacillus casei ATCC 4913 AF429654 T-A-C
Lactobacillus casei CCCB1205 AF429631 C-A-C
Lactobacillus casei D5A 145 AY424333 C-A-C
Lactobacillus casei ATCC 334 AY424332 C-A-C
Lactobacillus casei CCC95G2L AF429701 C-A-C
Lactobacillus casei DSA 15 AY424334 C-A-C
Lactobacillus casei IsC AF429649 C-A-C
Lactobacillus casei CCC Boss7 AF429644 C-A-C
Lactobacillus casei I3 AF429647 C-A-C
Lactebacillus coryniformis DSM 20001 AY424321 C-T-T
Lactebacillus crispatus DSM 20584 AY424313 T-T-T
Lactobacillus curvatus DSA 32Y AY424348 T-T-A
Lactobacillus cypricasei DSM 15353 AJa21720 T-A-T
Lactobacillus delbrueckii subsp. lactis DSM 20072 AY424322 C-T-C
Lactobacillus durianis DSM 15802 AJa21721 T-T-T
Lactebacillus farciminis DSM 20184 AY424323 A-T-C
Lactobacillus fermentum DSA FBS AY424335 C-T-C
Lactobacillus fructivorans DSM 20203 AF429681 C-C-A
Lactobacillus gallinarum DSM 10532 AY3571675 T-T-T
Lactobacillus gasseri DSM 20243 AY424314 T-T-A
Lactobacillus helveticus DSM 20075 AY424315 T-T-T
Lactebacillus hilgardii DSM 20571 AF429699 T-T-A
Lactobacillus homohiochii ATCC 15434 AF429685 T-T-T
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GECCACCRAAGGCAGCG
AGCAACTAAGGCTGCC
GGCTACGGCCGCAGCC
GGCTACCGAGACTGCT
AGCTACTGCAGCCGTA

. GGCGACCAAGGCAGCG®

CTTCGGTTTCATCTTCC
CGTCCGTTTCTTCCTCA
CITCGATCTCTGCTGCG
CITCTGTTTCATCAGCT
CTTCAGTTTCATCATCT

CTTCGGTTTCATCTTCCLS

CTEATTECGGACGCC
CTGATTGCCGACGCC
TTGATTGCGGACGCA
TTAATTGCTGATGCA
TTAATCGCTGACGCT

CTCATTGCOGGACGCT189 | 3¢

Fig. 1. The hsp60 gene sequence contain-
ing the diagnostic nucleotides (in bold)
targeted by the novel primers designed in

this study.




Table 2. Oligonucleotide primers used in this study

Primer  Primer sequence (5'—3") Length  Optimal

bp amount
pmol

p78F GGCGACCAAGGCAGCG 16 10

pl56F CTITCGGTTTCATCTTCC 17 50

pl89R  GGCCAACTTTTTCCATA 17 50

LacF AGCAGTAGGGAATCTTCCA 19 10

LacR ATTYCACCGCTACACATG 18 10

Table 3. Specificity of primers designed for multiplex PCR on Lac-
tobacillus strains

Reference strain Specificity of primer pairs
p78E/ pl56F/ LacF/
p1l89R pl89R LacR

(144bp)  (67bp)  (340bp)

L. casei ATCC 393 + +
L. acetotolerans DSM 20749 - -
L. ingluviei DSM 15946 - -
L. paracasei DSM 5622 - -
L. zeae DSM 20178 - -

+ + + + +

The expected size of PCR products is indicated.




Optimization of Multiplex PCR
*Cycling Conditions

*Extension temperature
*Extension time

*Annealing time and temperature
*Number of PCR cycles

L. casei ATCC 393
Commercial product
L. casei DN114001
Commercial product
L. casei BB-12
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L. casei ATCC 11578
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Optimization of Multiplex Reaction
Components

*Amount of primer

*dNTP and MgCI2 concentrations

*PCR buffer (KCI) concentration.
eComparison of PCR buffers

sAmount of template DNA and Tag DNA
polymerase

*Use of adjuvants: DMSO, glycerol, BSA

Fig. 3. Multiplex PCR assay of L. casei and L. paracasei strains (a) and two commercial probiotic products con-
taining L. casei DN114001 and L. casei BB-12 (b).
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A new methodology for rapid detection of Lactobacillus delbrueckii subsp. bulgaricus
based on multiplex PCR

Anastasios Nikolaou, Georgia Saxami, Yiannis Kourkoutas, Alex Galanis *
Applied Microbiology and Molecufar Biotechnology Research Group. Department of Molecular Biology and Genetics, Democritus University of Thrace, Alexandroupolis, GR 68100, Greece
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» The multiplex PCR methodology is an efficient tool for accurate,
convenient and reliable identification of the probiotic strain in
food products.

» To deliver their health benefits, probiotics must be present in food
products above a threshold level (6 logCFU/g) at the time of
consumption, to compensate for the loss of cells during the
passage through the upper and lower parts of the gastrointestinal
(Gl) tract.

» |dentification to the strain level is mandatory to allow the
monitoring of the presence and the levels of a specific probiotic
strain in a product or in a gastrointestinal tract.



1 ml 1 mil 1 ml 1 mi 1 ml

Original 9 ml broth
inoculum in each tube
Dilutions 1:10,000 1:100,000

Calculation: Number of colonies on plate x reciprocal of dilution of sample = number of bacteria/mi
(For example, if 32 colonies are on a plate of '/10,000 dilution, then the count is 32 x 10,000 = 320,000/ml in sample.)

Capyright £ 2004 Pearsen Edusation, Ine., publishing as Besyamin Cummings.,
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Effect of Probiotic-Fermented Milk Administration
on Gastrointestinal Survival of Lactobacillus casei

ATCC 393 and Modulation of Intestinal Microbial
Flora
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Anaerobe 18 (2012) 417420

Contents lists available at SciVerse ScienceDirect

Anaerobe

ELSEVIER journal homepage: www.elsevier.com/locate/anaerobe

Distinct adhesion of probiotic strain Lactobacillus casei ATCC 393 to rat intestinal
mucosa

Georgia Saxami?, Petros Ypsilantis °, Marianthi Sidira %, Constantinos Simopoulos®, Yiannis Kourkoutas?,
Alex Galanis**

Levels of L casei ATCC 393 recovered from intestinal content and tissue samples of
the Gl tract of rats 24 h after single dose administration of fermented milk con-
taining either free (Group F1—24) or immobilized ( Group 11—24) probiotic bacteria.

Specimens Group F1-24 (logCFU/g) Group 11-24 (logCFU/g)

Duodenal fluid ND ND

Jejunal fluid 3 3

lleal fluid 3 3

Cecal fluid 5 6

Colon fluid 5 6

Duodenum ND ND

Jejunum 3 3

lleum 3 3

Cecum 5 5

Colon 5 5
ND: not detected.
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Monitoring survival of Lactobacillus casei ATCC 393
in probiotic yogurts using an efficient molecular tool

14‘._ \u

Marianthi Sidira,”t Georgia Saxami,” Dimitra Dimitrellou,” Valentini Santarmaki,” Alex Galanis,”
and Yiannis Kourkoutas*'

*Applied Microbiclogy and Molecular Biotechnology Research Group, Department of Molecular Biology and Genetics,
Democritus University of Thrace, Alexandroupolis, 68100, Greece

TFood Biotechnology Group, Section of Analytical Environmental and Applied Chemistry, Department of Chemistry,
University of Patras, GR-26500 Patras, Greece
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L cesei ATCC 393
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2 TN MEPLITTWON TTOU TO YoVIOLWHA TWV UIKPOOPYAVICUWY TIOU TIPOKELTOL VO LEAETNOoUV dev
gelval yvwoto umopel va  xpnotpormownBst n  texvikn RAPD PCR (Tuxaia Evioyuon
MoAvpopdikov DNA PCR B Random Amplified Polymorphic DNA PCR). Zuudwva HE TNV €V
AOyw TEXVIKN, N avtidpaon PCR mpaypotomnoleital Pe EKKLVNTEC TuXaiog aAAnAouxiag, LAKOUC
8-12 Baocewv. 2uvNOwc amattovvtal 3 HE 6 AVILOPACELC LE OLAPOPETIKOUC EKKLVNTEC WOTE Vol
NMPOoKUPEL eva povadilkd MPOTUTIO YL KABe eEeTalOUEVO OPYAVIOUO, LETA TO SLAXWPLOUO OF
MAKTWHA ayapolnc Twv mpoioviwv tneg avtidpaonc PCR. 2Zta mAsovektiuato tng nebodou
nepthappfavovtat n vPnAn akpifela tng avaluong, o XOLUNAOG XPOvoc OAOKANPwWONS tNC
UEAETNG KABWC KoLl TO OXETIKA XOUNAO KOoto¢ twv avildpaotnpiwv. H RAPD PCR &€xel
xpnowomnownBel ywa tnv aviyvevon kot Toutomoinon Otadopwv AaktoBakidwv o€
KOAALEPYELEC YLOLOUPTNCG KOBWC Kol o€ AAAO TIPOBLOTIKA TpOdLUAL.



Random Amplified Polymorphic DNA
(RAPD)

Introduction

Random Amplified Polymorphic DNA (RAPD) markers are DNA fragments
from PCR amplification of random segments of genomic DNA with single primer
of arbitrary nucleotide sequence.

How It Works

Unlike traditional PCR analysis, RAPD (pronounced "rapid") does not require
any specific knowledge of the DNA sequence of the target organism: the
identical 10-mer primers will or will not amplify a segment of DNA, depending on
positions that are complementary to the primers' sequence. For example, no
fragment is produced if primers annealed too far apart or 3' ends of the primers
are not facing each other. Therefore, if a mutation has occurred in the template
DNA at the site that was previously complementary to the primer, a PCR product
will not be produced, resulting in a different pattern of amplified DNA segments
on the gel.




RAPD is an inexpensive yet powerful typing method for many bacterial species.
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Rapid profibes M 1 2 2
Silver-stained polyacrylamide gel showing three distinct RAPD profiles
generated by primer OPE15 for Haemophilus ducreyi isolates from Tanzania,

Senegal, Thailand, Europe, and North America.

Selecting the right sequence for the primer is very important because different
sequences will produce different band patterns and possibly allow for a more

specific recognition of individual strains.
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Avamntuén Multiplex PCR

Li et al., (2008) Appl. Micro. Biotech.




Lactobacillus plantarum 2035 Lactobacillus plantarum 2640

1000 bp

500 bp

100 bp

M 1 2 3 4 5 6 7

Sequenced Characterized Amplified Region Markers (SCARs)

Developing locus-specific, co-dominant markers from RAPDs

1. The polymorphic RAPD marker band is isolated from the gel.

2. Itis amplified in the PCR reaction.

3. The PCR product is cloned and sequenced.

4. New longer and specific primers are designed for the DNA sequence, which is
called the Sequenced Characterized Amplified Region Marker (SCAR).




P30F

>
GTGATCGCAGTTGGAAAACTGAAGAACGTGAATAGATCCTCCATTT
GGACTAGATTCTTGATTCGACGCTTATAACTGGACTCCACTTAGCA
CTGAAAGCCGCCAATCGTTCTTTGGCGTCTTGTAGGTTCTCTGCTT

GCCGAATGGCCTTAAAGTCGGTGATAATCTCCCTGCGATCAC
) P30R

P29AF

GGGTAACGCCACAAGAAGEGGAGATGGATGCCCACTTAGATAAATG
GATGAAGCGTCGTGCTAAACAGCATGGCGCTTTTAGTTTGGAAAAG
AAACGGAGAAAGCAACATGCCAAGGACAAGAAGATGCCGCTATCCT
AACTGCCATGCGATGGTCACTTTCCCTGACCACTATTGTCAGCAGC
ACTATGAGCATGAAGCTGAGTACTTGGCTAGTCGGCAGCGTTGGGC
ACGTAGCAATGACAAACAATACACACACAAGTACAACACGGTTACA
CGTTATCGTAATGAGGATAAGCGTCAGCAATACAACTTCTATCGTA
CAAGGCAATGGTCACACCTAAGGCAACAAGTCCTTGAACGTGACCA
TTACTTGTGTGCTTACTGCAAAGTGCAAGGCGTTACCC

<€
P29R




Lactobacillus plantarum 2035 Lactobacillus plantarum 2640

Reference strain Specificity of primer pairs
p30F/p30R p29AF/p29R p29BF/p29R LacF/LacR
(179bp) (401bp) (200bp) (340bp)
Lb. plantarum 2035 + - - +

Lb. plantarum 2640 - + + +




Strain tested 2-band pattern
generated
with Multiplex PCR

Lactobacillus plantarum 2035 +
Lb. plantarum 2640 -
Lb. plantarum E1 -
Lb. plantarum E4 -
Lb. plantarum E45
Lb. plantarum E50
Lb. plantarum E66
Lb. plantarum E68
Lb. plantarum E71
Lb. plantarum E73
Lb. plantarum E77
Lb. plantarum E79
Lb. plantarum E10
Lb. plantarum E69 )
Lb. plantarum E282 -
Lb. plantarum E63 -
Lb. plantarum E146 -
Lb. plantarum E287 -
Lb. pentosus E110 -
Lb. pentosus 281 -
Lb. casei Shirota ACA-DC 6002 -
Lb. casei ATCC 393 -
Lb. rhamnosus GG ATCC 53103 -




Strain tested 3-band pattern
with Multiplex PCR

Lactobacillus plantarum 2640 +
Lb. plantarum 2035 -
Lb. plantarum E1 -
Lb. plantarum E4 -
Lb. plantarum E45 -
Lb. plantarum E50
Lb. plantarum E66
Lb. plantarum E68
Lb. plantarum E71
Lb. plantarum E73
Lb. plantarum E77
Lb. plantarum E79
Lb. plantarum E10
Lb. plantarum E69
Lb. plantarum E282 )
Lb. plantarum E63 )
Lb. plantarum E146 }
Lb. plantarum E287 -
Lb. pentosus E110 -
Lb. pentosus 281 -
Lb. casei Shirota ACA-DC 6002 -
Lb. casei ATCC 393 -
Lb. rhamnosus GG ATCC 53103 -




Production of Fermented Sausages with a Potential Probiotic
Lactobacillus plantarum strain
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Production of Greek yoghurt using a L. plantarum strain with probiotic potential as
starter adjunct
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Production of Greek yoghurt using a L. plantarum strain with probiotic potential as

starter adjunct
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H PCR mpaypatikov xpovou (Real-Time PCR) emiong amoteAel pa oAU Loxupr HOPLOKN
TEXVIKNA QVIXVELONG MIKpoopyaviopwyv. Baoiletal otn kataypadn tng evioxvong tou DNA-
OTOXOU O€ TIPAYMOTIKO XpOVo He TN Xpnon KatdAAnAng ¢Bopilovoac xpwotiknC. Etot, yivetal
Aueon katoaypadrn TOU QMOTEAECMOATOC XWPELC Vol OTTOLTETOL TIEpALTEPW eTeEepyaoia Twv
npoiloviwyv TnN¢ avtidpaoncg (dtaxwplopog oe mAKTwHa ayopolng). MapaAAnAa, to SUVAULKO
gupoc dlayvwong kot n evatcOnoia tng nebodou eivat vPniotepa evw ta Pevdwc BeTika
QATMOTEAEOHOTA TIOU €VOEXOUEVWC va TtapatnpnBolv oe oxeon pe tn oupPatiky PCR eival
HELWMEVA Katd 99.9%. H Real-Time PCR €xeL xpnolpomolnOel yla tTnv poplakn tautonoinon
KoL TTOoOTLKOTtolnoN twv L. casei, L. paracasei, L. rhamnosus, L. delbrueckii, L. fermentum,
L.plantarum kot L. reuteri e Xprion AVLXVEUTWYV ELOLKWV yLa THAUO TOU pLROCWLLKOU yovidiou

16S aUuTwV TwWV oTeEAeXwV aAAA Kol PE ovAAOyo TPOTO yla TNV towutomoinon oteAsywv L.
acidophilus.



OuL DGGE (Denaturing Gradient Gel Electrophoresis - nAektpodopnon MNKTWHATOC OE
Swafaduion amnodiataktikol mnopayovia) kot TGGE (Temperature Gradient Gel
Electrophoresis nAektpodpopnon mnktwpato¢ oe dwafaduion Oeppokpaciag) sivoar PCR
Bool{OEVEC LOPLOKEC TEXVLKEC TIOU ETUTPEMOUV TNV AvVAAUOCN Kal TauTomoinon Baktnplokwv
oTEAEXWV €TEPOAOYWV TIANOBUCHWY, XWPLc va poarmatteital SLaXwWPLOUOC TwWV ULKPOPBLOKWY
KaAALepyelwv. Mo mapadsypa, n texvikn DGGE €xeL pe emtuyia xpnolpomnotnbetl ywa tnv
avixvevon oteAexwv L. delbrueckii subsp. bulgaricus kou S. thermophilus ce ovBpwrivo
EVIEPLKO TIEPLEXOUEVO UOTEPA ATIO KOTAVAAWON TIPOBLOTIKAC ylooUuptng, YEYovog wolaltepa
ONUAVTLKO yla tnv eniBeBaiwon tng dpdon tou mpoflotikol Tpodipou. MapopoleC HEAETEC
gxouv avadepbetl kal yLa th xpnon tng texvikne TGGE.



H DGGE (Denaturing Gradient Gel Electrophoresis) (HAektpodpopnon mMNKTWUATOC
SLafaBulopeEvng ouykevIpwong Tmoapayovta oamnodlataéng) elval ML HOPLOKA  TEXVLKN
avixvevonc moAvpopdplopwy TUNMAtwv DNA. H  texvikn eival blattepa woyupn Ko
QTOTEAEOUOTLKY) Yl TNV oavixvevuon HeTaAAdéswv oe yovidla aAAd kol Towtomoinon
LULKpOOPYOQVIOMWY ToUu mapouotalouv  uvPnAo PabBuo ouyyéeveloc. H  avixveuvon
noAvpopPplopwyv TuNUAtTwyv DNA eival eniong edpwktn pe tnv avtidbpaon PCR (polymerase
chain reaction) (aAvoldbwtn avtidpaon mMoAvpepAaconc) XPNOLLOTIOLWVTAC EEELOIKEUMEVOUC
EKKLVNTEC. 2TIC TIEPUTTWOELC OMWCE TIou Ta mpotiovta tn¢ PCR eival mapopolov peyEboug, o
SLaXWPLOMOC TOUuC 0 TINKTWHA ayapolng koabBiotatal TeXVIKA pUn €diktoc. AvtiBeta, otnv
texvikn DGGE, o Stoxwplopog twv tunuatwyv DNA yivetal o€ TNKTWHOA TTOAUAKPLAQULONG
SLafaBOULOUEVNC CUYKEVTPWONC ATIOSLATAKTLKOU TIpAyovVTa TTOU KOOLoTA TO SLaXwpLopO TwV
TUNUATWV EPLKTO.



[TLO CUYKEKPLUEVA O SLAXWPLOMOC aPXLKA YiveTal Baon pneyeBoug aAAd OTn CUVEXELDL UE TNV
avénon NG CUYKEVTPWONG TOU amodLlaTaKTILKOU TapayovTa Tou mNKTwHatog tTo dikAwvo DNA
LLETOTPETETAL OE HOVOKAWVO (amodlatdooetal) e amoteAeopa n taxvtnta Kivnong tou oto
NMAKTWHO TIoAVakpAapidne katd tnv nAsektpodopnon va pewwvetal. Etol akopa kat dvo
Tunuata DNA mou Swadepouv o pia povo Baon amodiataococovtal o€ SLadOpPETKN
OUYKEVTPWON, KlvouvTtal SL1adpopeTLKA O0TO TNKTWHA Kot TEALKA dtaxwpilovtal. H texvikin DGGE
EXEL XpnoLuomolnBel oe TOAANEC HEAETEC OXETIKEC pe TN PLotexvoloyia tpodipwyv KabBwce Sivel
™ duvatotnta MANPOUC TAUTOomoinong tneg MKpoPLakng xAwpidac o deiypota tpodipwyv pe
neyain akpifela kot toxvTnTaAL.
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PCR-DGGE fingerprinting: novel strategies for detection
of microbes in food
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Fig. 1. Flow diagram of the application of PCR-DGGE analysis to food samples.




Sample Collection DNA Extraction

Groundwater, soil, or Bio-Trap® DNA is extracted from
Sampler collected and shipped samples upon arrival
overnight on ice (4°c)
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Results

=== ——— GCCAGCCGTGTTTACAGA... Acinetobacter sp.

— '
S —
—_—
Dominant bands excised Dominant organisms identified

DGGE Profile and sequenced

— GCCTTAAGCAGGCCTTCG... Geobacter sp.

——» GCCAGCCGTGTTTACAGA... Unknownsp X
—, GCCGGCTCTAGCTTCCGT... Methylobacterium sp.




Denaturing Gradient Gel Electrophoresis (DGGE) is a DNA-based
technigue which generates a genetic profile or “fingerprint” which can be
used to identify the dominant members of the microbial community. DGGE
has been used to investigate microbial responses in a wide variety of
applications including:

* Bioremediation assessment
*  Wastewater treatment

*  Drinking water treatment

*  Biofilm formation

*  Microbial induced corrosion

* |dentification of microbial contaminants in commercial/industrial
products
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JteAéxn PBaktnplwv Tmou amopovwOnkav
ano Enpad UHWHEVO AOUKAVLKO HUE avAAUON
PCR-DGGE

Band Most closely related species

A Lactococcus lactis
Uncultured Streptococcaceae sp.
Lactococcus fujiensis

B Lactococcus lactis
Uncultured bacterium

C Lactobacillus casei ATCC 393
Lactobacillus zeae
Uncultured Lactobacillus sp.

D Leuconostoc pseudomesenteroides
Leuconostoc citreum
Leuconostoc mesenteroides
Leuconostoc kimchii

E Leuconostoc sp. B 244
Leuconostoc mesenteroides




Meat Scieace 96 (2014) 548-955 Effective survival of immobilized Lactobacillus casei during ripening and @ i
heat treatment of probiotic dry-fermented sausages and investigation of
the microbial dynamics

Contents lists available at ScienceDirect

Meat Science

Marianthi Sidira *®, Athanasios Karapetsas ®, Alex Galanis °, Maria Kanellaki ¢, Yiannis Kourkoutas ®*

journal homepage: www.elsevier.com/locate/meatsci

* Food Biotechnology Group, Section of Analytical Environmental and Applied Chemistry, Department of Chernistry, University of Patras, GR-26500 Patras, Greece.
. Applied Microbiobgy and Molecular Biotechnology Research Group, Department of Moelecular Biology & Genetics. Democritus University of Thrace, Akxondroupolis G8100. Greece.

@ 1 66 1 66 1 66 Phylogenetic affiliations of bacterial dynamics in probiotic dry-fermented sausages and
[ o | sausages produced with no starter culture after 1 and 66 days of ripening based on DNA
analyses and the corresponding band( s) in the DGCGE profile,

Band® Mouost closely related species Identity (%) Aceession number”

1 Bacillus thuringiensis a8 JF512478.1
Bacillus cerens a8 HOG83796.1

2 Lactobacillis casei ATCC 393 97 NR_(041893.1
Lactobacillus zeae 97 ABOOB212.1

3 Brochothrix thermosp hacta 98 AF318169.1

4 Leuronostoc pseudomesenteroid es a8 HEG46416.1
leuronostoc citreum 98 ABGO2811.1
Levuconostoc mesenteroides a8 AF318164.1
Leuconostoc kimchii 98 CPOO1758.1

5 lenconostoc sp. B 244 98 GU998860.1
Leuronostoc mesenteroides a5 AF318164.1

G Lactococeus lactis subsp. cremaoris 96 ABGBR1219.1
Lactococcus lactis subsp, lactis 96 JFE22121.1

7 Lactobacillies casei ATCC 393 97 NR_041893.1
Lactobacillis zeae a7 ABODB2121
Unculwred Lactobacillus sp. a7 AYB57628.1

8 Camobacteriurn divergens 98 AB59R939.1

g Camobacterium maltaromaticum 06 CO304931.1

10 Brochothrix thermosphacta 98 AF3181691

11 Lactococous lactis 100 AB571485.1
Unculured Streptococcacede Sp. 100 AB234513.1
Lactococcus fufiensis 100 AB485950.1

12 Lactococeus lactis 100 ELI091434.1
Uncultured bactenum a8 [NES4004.1

13 Comobacterium divergens a8 AB5989349.1

14 Camobacterium maltaromaticum a6 GOQ304931.1
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Development of a Multiplex PCR Assay for Efficient Detection of Two
Potential Probiotic Strains Using Whole Genome-Based Primers

by Despoina E. Kiousi 1 &, Dimitrios M. Karadedos 1 &2 Anastasia Sykoudi 1 &8
Panagiotis Repanas 1 &, Christina S. Kamarinou 1.2 82 Anthoula A. Argyri 2 8% and Alex Galanis 1." &4

Microorganisms 2023, 11(10), 2553; https://doi.org/10.3390/microorganisms11102553



Schematic representation of the workflow
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Validation of the methodology in vitro

Specificity of primer sets
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Dissecting the Genetic Basis of the Technological, Functional, and
Safety Characteristics of Lacticaseibacillus paracasei SRX10

by Christina S. Kamarinou 1.2.1 82 Despoina E. Kiousi 1.T 8% Panagiotis Repanas 1 &,
Anthoula A. Argyri 2 &2 Nikos G. Chorianopoulos 3 & and Alex Galanis 1.” &

Microorganisms 2024, 12(1), 93; https://doi.org/10.3390/microorganisms12010093
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Metagenomic Insight into Cecal Microbiota Shifts in Broiler Chicks
Following Eimeria spp. Vaccination
by Dimitrios Marinos Karadedos 1.1 &2 Tilemachos Mantzios 12,1 82 Despoina Eugenia Kiousi 1 &

Margaritis Tsifintaris 1 &8 |lias Giannenas 3 &Y Panagiotis Sakkas 3 &4
Georgios A. Papadopoulos 4 82 Gunther Antonissen 5 8@ Aglaia Pappa 1 82, Alex Galanis 1 &2 and

Vasilios Tsiouris 2" &

Microorganisms 2025, 13(7), 1470; https://doi.org/10.3390/microorganisms13071470



Metagenomic analysis
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Taxonomic composition of cecal
microbiota across  experimental
groups. Stacked bar plots represent
the relative abundance (%) of
bacterial taxa detected in cecal

samples from group A, group B, and
group C at four taxonomic levels; (a)
phylum, (b) order, (c) genus, and (d)
species. Only taxa with a relative
abundance > 1% in at least one group
are shown individually; taxa below
this threshold were grouped into the
category “Other”. Taxonomic
classification was based on
Operational Taxonomic Unit (OTU)
clustering and relative abundances
were calculated as percentages of the
total sequences per sample.

Group B Group C

0
Group A GroupB Group C

(c)

)

8

~ -
" w

2

w

» N
& Y
w &

2.

=
e
I

a
3
~
W
~

W
~

uw
°

sl B2
o =

°
Group A GroupB Group C

(d)

100

®

]
I
| ]
0
—
1

' GroupA GroupB Group C

ol
&

3.74
—_—

w =

W 3

n
o
@
@

@Firmicutes

@Proteobacteria

@0Other

@Eubacteriales

@Lachnospirales
@Enterobacterales

@ Acetivibrio

@Agathobaculum
@Aliofournierella

@Anaerotignum

@Blautia

@ Butyricicoccus

@Clostridium

@Colidextribacter
@Eisenbergiella

@Escherichia

@ Faecalibacterium

@Gemmiger

@Intestinimonas

@ Lachnoclostridium

@ Lacrimispora

@ Mediterraneibacter

@ Oscillibacter

@ Petroclostridium

@ Pseudoflavonifractor

@ Ruthenibacterium

@Shigella

@Allofournierella massiliensis
@Anaerotignum lactatifermentans
@Blautia coccoides
.Butyriacoc:us pullicaecorum
@Clostridium pheceensis
@Clostridium thermosuccinogenes
@ Colidextribacter massiliensis
@Eisenbergiella massiliensis
@Escherichia fergusonii
@Escherichia marmotae
@Faecalibacterium gallinarum

@ Faecalibacterium hattorii

@ Gemmiger gallinarum
@ntestinimonas gabonensis

@ Intestinimonas timonensis

@ Lachnoclostridium urinimassiliense
@ Lacrimispora indolis

@ Lacrimispora saccharolytica

@ Lacrimispora sphenoides

@ Mediterraneibacter glycyrrhizinilyticus
@ Oscillibacter massiliensis

@ Petroclostridium xylanilyticum
@ Pseudoflavonifractor caplllosus
@ Pseudofiavonifractor phocaeensis
@Ruthenibacterium lactatiformans



Differentially abundant bacterial genera among groups
based on Linear discriminant analysis effect size (LEfSe).
LEfSe was used to identify genera with significantly
different relative abundances among group A (control),
group B (challenged with Eimeria spp.), and group C
(vaccinated and challenged with Eimeria spp.). Only
genera with an adjusted p < 0.05 and LDA score (log,,)
above the significant threshold (log,, > 2) are shown.
Genera enriched in group A are indicated by positive
LDA scores (green), while genera enriched in group B
and group C are shown with negative LDA scores in
orange and blue, respectively.

Oscilibacter spp.
Eisenbergiella spp.
Clostridium spp.
Gemminger spp.
Intestinimonas spp.
Lacrimispora spp.
Colidextribacter spp.
Lachnoclostridium spp.
Pseudoflavonifractor spp.
Acetivibrio spp.
Angelakisella spp.
Anaeromassilibacillus spp.
Subdoligranulum spp.
Ruminiclostridium spp.
Fumia spp.
Neglectibacter spp.
Anaerotruncus spp.
Gorbachella spp.
Massiliimalia spp.
Coproicibacter spp.
Massilioclostridium spp.
Merdimmobilis spp.
Eubacterium spp.
Sporobacter spp.
Ruminicoccoides spp.
Lawsonibacter spp.
Acutalibacter spp.
Provencibacterium spp.
Marseilibacter spp.
Papilibacter spp.
Pseudoruminococcus spp.
Evtepia spp.
Paludihabitans spp.
Monoglobus spp.
Tepidibaculum spp.
Heydrickxia spp.

Utexia spp.

Fervidicella spp.
Celerinatantimonas spp.
Kosakonia spp.
Citrobacter spp.
Paraclostridium spp.
Faecalicatena spp.
Rivulariaceae spp.
Vampirovibrio spp.
Guopingia spp.
Hydrogeniiclostridium spp.
Atlantibacter spp.
Aristaeella spp.
Fusicatenibacter spp.
Allofournierella spp.
Shigella spp.
Butyricicoccus spp.
Anaerotignum spp.
Escherichia spp.
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Comparative analysis of core microbiota composition across experimental
groups. (a,b) Venn diagrams display the number of shared and unique
bacterial taxa among group A (control), group B (challenged with Eimeria
spp.), and group C (vaccinated and challenged with Eimeria spp.) at the
genus (a) and species (b) level. Taxa were included only if they were
detected in at least three replicates per group, representing the core
microbiota per each condition. Bar plots below each Venn diagram
indicate the total number of genera and species identified in each group,
respectively. (c) Circular cladogram representing the taxonomic
relationships and distribution of genus-level bacterial taxa identified
across the groups. From the outer to the inner rings, the plot shows the
following: species (outer ring), genera (intermediate ring), and phyla
(central nodes). Each branch of the cladogram is color-coded according to
group-specific or shared taxonomic presence; blue for taxa shared
between group A, yellow for group B, green for group C, plum for taxa
shared between groups A and B, turquoise for groups A and C, orange for
groups B and C, and purple for genera shared among all three groups. The
cladogram integrated taxonomic hierarchy with group distribution to
highlight both phylogenetic relationships and taxa overlap across groups.

Identified Genera

(b)

Identified Species




Predictive functional analysis of metabolic pathways differently enriched
among experimental groups. (a) Relative abundance of key metabolic
pathways in the control group (group A, red) and the challenged group
(group B, blue), with the corresponding log2 fold change between groups
displayed on the right. Pathways enriched in group A have positive log2
fold change values, whereas those enriched in group B have negative
values. (b) Relative abundance of statistically significant metabolic
pathways in the control group (group A, red) and the vaccinated and
challenged group (group C, blue), with the corresponding log2 fold change
displayed on the right. Pathways enriched in group A have positive values,
while those enriched in group C have negative values. Statistical
significance (adjusted p-value) for each pathway was calculated using the
DESeq2 algorithm, embedded in ggpicrust2 R package, and is shown
adjacent to the log2 fold change bars. Relative abundance of pathways
with adjusted p < 0.05 were considered statistically significant.
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