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Abstract

Probiotic microorganisms are thought to provide health benefits when consumed. In 2001, the
World Health Organization defined probiotics as “live microorganisms which confer a health benefit
on the host, when administered in adequate amounts.” Three methods for screening potential
probiotics have currently widely available. (1) /n vitro assays of potential probiotics are preferred
because of their simplicity and low cost. (2) The use of in vivo approaches for exploring various
potential probiotics reflects the enormous diversity in biological models with various complex
mechanisms. (3) Potential probiotics have been analyzed using several genetic and omics
technologies to identify gene expression or protein production patterns under various conditions.
However, there is no ideal procedure for selecting potential probiotics than testing cadidate strains
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Various Methods for Screening Probiotic Microorganisms

Table 1. The screening of probiotic strains using by in vitro assays

Djr

The most recently published articles

The test for screening

The property of probiotics

Hughes and Hoover (1995)
Pompei et al. (2007)
Kullisaar et al. (2002)
Campieri et al. (2001)

B-Galactosidase activity
Production of vitamis
Linolenic acid test

Oxalate-degradation

Additional health benefits

Burns and Rowland (2004)
Pool-Zobel et al. (1996)
Duangjitcharoen et al. (2014)
Choi et al. (2006)

Castro et al. (2010)
Faridnial et al. (2010)
Nybom et al. (2009)

Cousin et al. (2012)

Ames test

Comet assay

Nitrosamine degrading assay
Preventing colon cancer cell invasion
Induction of apoptosis of cancer cells
Binding to mutagenic compounds

Removal of toxins and toxic metals

Bacterial fermentation and production of SCFAs

Anticancer

Coman et al. (2014)

Bao et al. (2010)
Ewaschuk et al. (2008)

Production of antimicrobial metabolism such as organic acids and

bacteriocins
Co-aggregation with pathogens

Enhancement of intestinal barrier function

Antimicrobial assays

Zheng et al. (2013)
Lye et al. (2010)
Papadimitriou et al. (2007)

Deconjuation of bile salts

Conversion of cholesterol to coprostanol

Cardiovasular diseases

Peptides from bacterial metabolism with ACE inhibitory activity

Garcia-Cayuela et al. (2014)
Kinoshita et al. (2013)
Botta et al. (2014)

Tassell and Miller (2011)

Cell surface hydrophobicity
Adhesion to mucus
Auto-aggregation screening

Adhesion to intestinal epithelium

Colonization of the host

Corthesy et al. (2007)

Cencic and Langerholc (2010)
Steinberg et al. (2014)
McKay et al. (1997)

Foligne et al. (2007)

Kim et al. (2013)

Bacterial translocation in the GT

Co-culture models mimicking in vivo situation

Interaction of host immune system with bacterial compounds

Regulation of epithelial tight junctions

Anti-inflammatory immune-stimulating properties

B-hexosaminidase release assay

Immunomodulation

Pisano et al. (2014)

Pisano et al. (2014)

Harty et al. (1994)

Bernardeau et al. (2006)

Tan et al. (2013)

Bover-Cid and Holzapfei (1999)

Antibiotic resistance
Hemolytic activity

Adhesion to mammalian cells
Production of enzymes
Production of toxins

Production of biogenic amines

Safety assays

Van den Abbeele et al. (2012)

Low pH and bile

Survival stress within the host

Source: Papadimitriou et al., 2015
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Fig. 1. Mechanism simplied in the positive effects of probiotics on the animal's growth and health.
Source: Papadimitriou et al., 2015

Table 2. The screening of probiotic strains using by in vitro assays such as small animals or rodent models

The most recently published articles The screening of intervention The functionality of probiotics
Sodhi et al. (2012) Tissue-specific knock-out Closely related innate and adaptive immunity
Martin et al. (2008) Humanized mice
Verdu and Collins (2004) Axenic mice
Eaton et al. (2011) Monocolonized mice ) o
o . Hosting complex microbiota
Le Roy et al. (2013) Microbiota transplantation
Henao-Mejia et al. (2012) Co-housing
Viaud et al. (2013) Selective antibiotic treatment
Helm and Burks (2002) Transgenic mice Physiological relevance for humans
Kim et al. (2014) Allergy, inflammation
Kikuchi et al. (2014) Bacteria, virus, fungi and parasites pathogens Responsiveness to many infectious, immune and
Kwon et al. (2013) Neurologic disorders other disorders
Hsiao et al. (2013) Stress, cognitive functions
Sodhi et al. (2013) Conditional knock-out Sharing of similar immune response types

Source: Papadimitriou et al., 2015

Table 3. The screening of probiotic strains using by genetic and omics technologies such as potential gene/protein markers

The most recently

published artcles The screening of gene/protein The function of probiotics
Turpin et al. (2012) Mub Cell-surface proteins with cell wall
Turpin et al. (2012) slpA S-layer protein
Turpin et al. (2012) Apf Aggregation promoting factor
Munoz-Provencio et al. (2012) Adhesion SItA Sortase-dependent surface protein
Turroni et al. (2013) spaCBA, spaFED, pil2, pil3, fim1, fim2, fim3 Sortase-dependent biosynthesis of pili
Vastano et al. (2014) FbpA, E1 B-subunit of the pyruvate dehydrogenase Fibronectin binding protein

complex

Westermann et al. (2012) tad Assembly of tide adherence pilus
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Various Methods for Screening Probiotic Microorganisms

Table 3. Continued

Djr

The most recently
published articles

The screening of gene/protein

The function of probiotics

Sela et al. (2008)
Sela et al. (2008)
Yoshida et al. (2012)
Kim et al. (2009)
Shimada et al. (2015)

Mack et al. (2003)
Wang et al. (2014)

Degradation of
HMOs and
Mucus

43 kbp gene cluster
F1SBPs
B-Galactosidases
Glycosylases

Glycosyl hydrolases, exo-e-sialidases, fucosidaes,
PTS systems, ABC-type carriers, specific permeases,
engBF, afcA, NagBb, agnB

adh
Soluble protein p40

Catabolism of HMOs

Import of oligosaccharides

Degradations of type-1 and type-2 HMOs
Degradation of HMOs

Mucin degradation

Adhesion and stimulation of mucin secretion
Stimulation of mucin production

Bauerl et al. (2010)

Gilad et al. (2011)
Le Marechal et al. (2014)

Turroni et al. (2010b)
Fanning et al. (2012)

Schlee et al. (2007)

Modulation of
the immune
system

P40 and p75 proteins and homologues

ClpB, Rpf
SLPs, additional disperse genetic loci

ser
Cell surface-associated EPS

Flagellin

Activation Akt, promotion of cell growth,
inhibition of TNF-&

Potential immunogenic proteins

Regulation of anti- or pro-inflammatory
immune responses

Inhibition of elastases

Adaptive immune response and protection
against the gut pathogen Citrobacterrodentium

Induction of human A-defensin 2

Corr et al. (2007)
Meijerink et al. (2010)

Production of
antimicrobial
compounds

Bacteriocins

Genes involved in plantaricin biosynthesis and
secretion

Induction against enterophogens

Regulation of pro- and anti-inflammatory
cytokines of DCs

Saulnier et al. (2011)
Kim et al. (2009)

Production of
nutrients and

Vitamins, essential amino acids, SCFAs
fos

In situ production of important nutrients

Processing of health-promoting fructooligo-
saccharides

Fukuda et al. (2012) be%tgf?éial ABC carbohydrate transporters High production of acetate and protection
processes from enteropathogenic infection

Lee et al. (2010) ccpA Influencing blood cholesterol

Jacobi et al. (2012) luxS Induction of anti-inflammatory cytokines

Moslehi-Jenabian et al. (2011) luxS Adhesion and competitive exdlusion of pathogens

Fujii et al. (2008) S::Srll:]rg lamBDCA operon, lamKR operon agr-like quorum sensing systems

Mitsuma et al. (2008) Quorum sensing system related peptide Induction of c-myc and IL-6 genes in

somatic cells

Hamon et al. (2014) Heat shock proteins Repair of damaged proteins

Hamon et al. (2014) Clp proteases Refolding or degrading denatured proteins

An et al. (2014) uvrB, uvrD1, vsr, helicases DNA repari

Koponen et al. (2012) F1F0-ATPase Decreases of intracellular pH

Jin et al. (2012) manB, glum, dapA, glycosyltransferases Peptidoglycan biosynthesis

Koskenniemi et al. (2011) Stress dit operon D-alanylation of lipoteichoic acids
responses

An et al. (2014)

Jin et al. (2012)
Hamon et al. (2014)
Koponen et al. (2012)
An et al. (2014)

An et al. (2014)

(acid and bile)

fab genes

Etk-like tyrosine kinase, welG
FabF, RfbB, RbC

luxS

bsh

Transporters

Fatty acid biosynthesis
Exopolysaccharide biosynthesis
Cell envelope biogenesis
Cell-to-cell communication
Deconjugation of bile salts
Bile efflux

Source: Papadimitriou et al., 2015
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(L%) 5ol FF ol AES Fok=t IA 7| AR AR
ot dA AFF 0= ofF] ol &E 1 QA U2 F prausnitzii
%t A muciniphila®t 22 AE°] M2 FEQ] probiotics
2 1EEoiRl= AL w9 298} (Papadimitriou er al, 2015).
2 FA=roke BAEAEY S840 A= AY tFolA|
A ¥kt oo F9] @YY vYEER] £ prausnitzii B
TR, AR} e SRRE0A| Hotet &
=2 e 22 9l 28 AT AfEkE AR
< 183 ] A 52 $5A1Z o Sle probiotic AR T

3k F5o] & Aojth. of2] =FE0lA % probiotice —r‘ﬂ]

o off A4 A3 w59 71sAdol 2EARl Yt &
ZEo0] olu] e FHHLebeer et al, 2011; 2012; Bron et a]
2012). sl A& 59, Hrol §2 NxEH 24, probiotic
o EYA Fi= JHTA 59 ofd 714 8152 S5 A4S
A& o] a3 JFE v & 7] HEolth wEbA
probiotic®] 2 HlAHYZo 2}t Fh BARSFolA AHAR] vz
HLES IS 22 9ulshe Ao|thPapadimitriou et
al, 2015).
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