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Genetics and Research Revolutions in the Lactic Acid Bacteria:
Focused on Probiotics and Immunomodulation
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Abstract: As for probiotics, that is generally defined as a live cell supplement which is able to bring health benefits to their
hosts, even though the concept is still remains in controversy. Scientific works has given positive answers to the questions
about if many LAB strains function as probiotic bacteria in human and animals. Currently, the interactions between human
and LAB are actively investigated in human intestine. From a biodiversity perspective, this particular subject in human
intestine is also extensively explored by a number of researchers worldwide. So far, it has been found that new strains and
new genes were discovered in gut microbiota which is reported unique in individual. Complete analysis on gut microbiota
is necessary in order to understand the possible beneficial roles of LAB in human intestinal track. When it comes to quali-
fication, a probiotic strain is proved to be safe to consume and healthful to human after it is orally administered. On the other
hand, LAB is present as a member of gut microbiota, plays an important role in innate immunity and acquired immunity.
Their immune-modulation activity is occurred not only in intestine but also systemic in human body. It is generally accepted
that immune function by LAB is not genus-specific but strain-specific. More recently, new mechanism accounting for inter-
actions between host and LAB has been understood after a soluble factor from LAB was found to be directly associated with
the epidermal growth factor receptor (EGFR) on intestinal epithelial cells. The soluble factor could be applied in the devel-
opment of therapeutic agents. In conclusion, future research focus should be placed on the studies on the new LAB factors
affecting human immune responses and its desirable effects because many different kinds of fermented foods representing
kimchi have survived for a long time and those are popularly consumed in this country.
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Fig. 1. Number of new Lactobacillus species described per
decade over the last century (Ledeborer et al., 2011).
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S AFS EAES f %, o, 48 5 A2 Y

o] B3 TH(Table 1). AR AL 13350] S A
A BAW A A97F L5dAY Za2lo) OE/V\F/}
= ﬂl:ﬂﬁl— jj_‘.f_i /\‘]7(]-‘6]— J%QS_ O]—l:!]-\: O] /\ﬂ—ﬁho]
Zﬂ'ﬁ‘, H J.E.‘Z H]—_“[_s‘._ = /\]4_/] H]—Eoﬂ ____Q_S:J
A7 ﬂ—,‘f—?—_-_‘ ,iOIE]-. 197040 Sk v dsk Gronmgen
™8}, Netherland Institute for Dairy Research (NIZO)ol|A]
Yafel 25s] A1 S ATALE Aol 15
9] ikt A7t AxE s |E Zosiithel3io] 1983
d ZH= LAB Symposium®] ZEj7} Hoh). A 299
F=0|0 Jack Stadhouders HHAl= FAHE 2B 7S
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Table 1. Examples of early landmark contributions of various research groups to the development of starter cultures and probi-

otic microbes (Ledeborer et al., 2011)

Group Leader Country Topic
Tomotari Mitsuoka Japan Gastrointestinal microbiology
Jack Stadhouders Netherlands Mixed culture starter concept
William Sandine USA Starter culture microbiology
Larry Mckay USA Plasmid biology and gene transfer systems in lactococci
Mike Gasson UK Plasmids and their conjugal transfer in lactococci
Marvin Speck USA Concentrated culture technologies for development of sweet acidophilus milk
Robert Sellers USA Commercially employing bifidobacteria as a probiotic
Gerard Venema Netherlands Developing gene cloning systems
Audrey Jarvis and R.C. Lawrence New Zealand Bacteriophages and starter systems for lactococci
Barry Law UK Proteolytic enzyme systems
Charlie Daly Ireland Mesophilic starter culture microbiology
Jean-Pierre Acoolas France Thermophilic starter cultures
Otto Kandler Germany Carbohydrate metabolism
Mike Teuber Germany Bacteriophages of LAB
Todd Klaenhammer USA Bacteriophage resistance mechanisms, bacteriocins and probiotics
Willem de Vos Netherlands Cloning and expression vectors for lactococci
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Table 2. Landmark developments over the history of the LAB symposium (Ledeburrer et al., 2011)

o Complete resolution of homo- and heterofermentation pathways and regulation of carbohydrate metabolism.

o Dissection of plasmid encoded traits in lactococci that drive key fermentation properties for lactose/galactose metabolism, proteolytic
activity, citrate utilisation, nisin production, phage resistance properties, exopolysaccharide production and inorganic ion resistance.

o Discovery of conjugation and transduction genetic transfer mechanisms and development of transformation capabilities through elec-

troporation.

¢ Elucidation of proteolytic, peptidase and transport systems for amino acid metabolism.

o Definitive taxonomic definition of LAB and phylogenetic relationships between species.

o Reclassification of group N streptococci to ‘lactococci’, and Streptococcus salivarius subsp. thermophilus to Streptococcus thermo-
philus, noting the evolution of these species to milk and their non-pathogenic nature.

e Definition and development of the prebiotic and synbiotic concepts.

¢ Discovery of a functional respiration pathway in lactococci.

* Genome sequencing of many LAB, bifidobacteria and propionibacteria, and related bacteriophages.

o Comparative genomic analyses of LAB and their bacteriophages to identify key similarities and differnces and their novel gene sets.

e Metabolic engineering of sugar catabolism, energy metabolism, and product formation.

o Revealing mechanisms of stress tolerance and approaches to developing microbial cell stability by stress adaptation.

e Uncovering the many roles of LAB within the commensal intestinal microbiota, and influences on the ecosystems occupying the

mucosa.

o Investigating health benefits of probiotic microbes (allochthonous - transient) and revealing mechanisms that define their activity and

specific functional roles.

e Realising the immunomodulatory properties exerted by LAB and the influence of cell wall surface components in signaling to intes-

tinal and immune cells.

® Defining the genetic basis of antibiotic resistance phenotypes in LAB (e.g. vancomycin, tetracycline, efc).

o Genetic engineering of LAB for delivery of biotherapeutics, vaccine and novel fermentation end products.
o Revealing strategies for biocontrol and containment of genetically engineered LAB.

o Regulation of gene expression by introns, antisense RNA.

o Functional demonstration of bacteriophage interference by CRISPR sequences in LAB.
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gut), 3) A% &I} (measurable physiologic effects), 4) F
A (safe use in humans), 5) #3834 ZA(scientifically
documented clinical benefits in humans), 6) 7} <t
Z A (stability during all stages of production, packaging
and preservation). 1989 Fullerol] ]34 A|A|E probiotics
A (Fuller R, 1989)= ©]% o2 2} FA=HI o, 7}
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7k A 1S Aol 283159, Antoon Akkermans
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ol-g3te] AU TFS A ATk Aol ARIAk
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thar Slkth(de Vos et al., 2005; Kleerebezem et al., 2003).
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o] A % A= i T AT Al Ho] H
2Tt DNA sequencing 714, <c5-AW 7% As3HE,
16s IRNAE- ©]83} 57, probiotic/prebiotic 2171, &
2T 9 92 5318 ol WS A AT sk
Folg AZtHcH(Ledeborer ef al., 2011).
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19t EF8AL food matrix Wol] EAIE W= &7
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Fig. 2. Converging research efforts and themes that have

resulted in the 21st century views of LABs and the gut micro-
biota (Ledeborer et al., 2011).
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rier), & It AT AES otshs o8 AFEEVL
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19993 Mary E. Sanders®} Jos Huis in't Veldi= probiotics
E S Ao A SlE AFEkT = probiotic
g 24, AFEA, A, A 2 Fa 389 T
2 7]&3FtH(Sanders and Huis in't Veld, 1999). =]=3}
= 28] fgolMe 71548E 7 AFY] AR EAE
TASFAA FE&ETE WPee dF-E A = 4l
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o= B 54 probioticsE e+ Aol TR
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T MZE o] E8ar 7|¢e] A= & Wt
oA EtHKlein et al., 2010). FAHF AT FHHA] FH|
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2X9] 7|5olt}. Jerry Wells BIALY] FAA 7]eE v}
¢} o] fAhto] 2 Y (mucosal immunization)2] WA
£ SHEqted 2849 F e 7FeAS skt &
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| F Aok A oA Agu-S = 5 US
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FHg F A7IE FA 7k Ak

oA on] TES o83t Ad@rdo] /=
2 Q1T Yalol|A] Zakato] WEAIFS] A|x AR
HAol = Eslal FASHAl o8] ke AR
2t AFl tigk AnREY] whdsh AR S wiAE 5 ¢
= A= ddEn. 18y Z2hto] e g2l gk kA
< Wriske WY g9 FROE Fa3itt ojggo}
Lorenzo Morelli BJA} 9312712 EU ACE-ART projectS
SYSIHA ko] A W 95, FElF, 383 <t
AAE Hrrskal ck(Morelli, 2000). 22 SAEE f4t
T 2Fge]A] EAY O JAJAE A7 vF Yoy 1
A= o}z E3sitt. ikt Fofoll oJaix deiA7t
2312] SIsfeIRiche FAeRe A% S et 1
£ immune tolerance AISo0] Z71317] WjREo 2 F=5
o}, FA7FA] LRl T3} probiotics®] meta-analysis= &

7} Qo= o7 ZAEo] YHA 2 prebioticse} E35}
of QA Fofatd A AHE 7|dE = ot o]
23k Aso] FA Y fikto] AFolu ofokE A
&0 AT T &2 F AL Ao|t} o] & 3l
AE B2 A7|E ZEnlo] 0 E §%-S Astel Hrlehe
Al2=glle] o] Als] g Elojof & Zlolrt.

Z fitdel HYEY

ikl ofgk W ol tigh A= FAollA g
frakte] Alxy 9 AEe FA34Re] MYS SRR
The =&0] 1976 HEZ o] Barg & 7 $5A7
= A9 ATH(Wicken and Knox, 1976). L& th7} 19931
)= YA 8] Lambrecht W80 L. acidophilus®]
cell-free F25°] -2~ &)X 3E (macrophage)?] 1774 Al
EF] AAE LS Eolg+ AYE BHaslHA N E &
vkslA] F8Y=]7] ARSIt Hatcher and Lambrecht, 1993).
o]& T3l lactobacilliZ} vR-2~ol|A] HEZAS =714
7131, o]H3t T fAihte] S #FY FRel Y&
Sto= o] 818 % 2™ (Galdeano and Perdigon, 2004), -
chte s3] AXdHds WY @48 SV &
+ st A =S T AR EdEAT
(Tsai et al., 2012).

AR e APRRE AN BEshs 3 WA 3
oluQ wek ohe} FAHWY whgo] Wae] FFAS
e Sk AHARGe] Bolshs ATzE FAAN

M| 3L (antigen-presenting cells)] THAIAE, FAE7]A3E
(dendritic cells)®} AFIA 31 A 3E (natural killer cells)”} T3k
HolH, o]F AlZe &F A=l ¥hg-3ste] A5 (pro-
inflammatory) AFO]E7}Q(cytokine)S HH| ). 53]
lactobacilli TEEL o] A|EE A=k tumor necrosis
factor(TNF)-a, interferon(IFN)-y, interleukin(IL)-6, IL-1p,
IL-129} 22 AASA AR|ETIR] #RIE =3k, 24
X A8 LA T8-S AT g olE AlE
e Fo ZAXEA E3A|(major histocompatibility
complex, MHC) & -FZA}=12A}(co-stimulatory molecules)
%l CD40, CD80, CD86, 1COS F<] HAS /Mt
(Christensen et al., 2002; Mohamadzadeh et al., 2005;
Perdigon et al., 2002; Won et al., 2011).

Tsai 5(2008)9] FAo| W= L. paracasei subsp.
paracasei NTU 1015 <l F o] A5 SAdthzrtel Hlst
o s FAFE7IAIEY HlEo] A4 YehoH, =}
A A 2] A=A (cytotoxicity) TEE A A
Zm sk A et S3AI= L. paracasei subsp.

paracasei NTU 101 F& &2 F5ox o]zt Wut
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o] A&EE ZoE et o3t A= ZEulo]
gl w7t Aol AMAshaA] AR Wes 2dsit
= A FAAE FHAoZ XA AFE Ay4HAL L
casei Shirota 757} ~E}E]Z ARR-E Wa 62 A3 v}
S5} VO] AQUNAE B0l 2RO, ol
L. casei Shirota 57} SAAAAEY] IL-12 BHE =
XA AR B8-S ST AR A Ent
(Hori et al., 2003; Rizzello et al., 2011; Takeda ef al.,
2006; Takeda and Okumura, 2007). B=3} L. casei 2 B.
longum®] M2 138 747t e vlg-Ae g2t vl
ato] ApAMSAE ] AEEdo] FTHE A O, teratocar-
cinoma A EFR] FOE |23t ¢F RN E wpp-2of A
FE 717Es 771 Ao®E YeldTHLee ef al., 2004).
Z o)l 5] Cheon (2011 L. acidophilus 1.a205%] 2]
HA oz AAMSME} HhEste] AFAAS AL M
=4 8395 SN Haskysd], ©ol= L. acido-
philus La205 T7} AFQA8A| 2] g Al =2t
H-(granule exocytosisy ZXIAIA MEFZLAES F7HA
7=l #oshe Aoz HIth Fig. 3& fihte] 44
AE7NES FAZAA 18 =2 THE(T helper type
1, Thl) AFOJETFFQI(IFN=y, IL-12 5) #H]S £X3}aL o]
= Az GFS FTHIA AR SE 24ds)
2 HOjEI Uk AT olld WML A4
Z(species) 5°]& ¥H§-o] ofg} TF(strain) 5]
TS A1 dert Aot o]yt frikte] ¢
dHge] &4 FAAAAESY EH) LT
Toll-like receptor(TLRY’} 552421 9&2 sttf= 9
o] xufj& o]tk (Karlsson ef al., 2012; Koizumi et al., 2008).

Koizumi 5(2008)& TLR29} TLR47} Z+2}; 447} A
A(knockout)® w20l 28k FAFE7 A EE 54
T} 9hgste] 1L-129] A4ke] A (wild-typeyt Hlua}
o A3 TAES BEIHOH, o] fikte] MEH
T/374%°] TLR =X 283t Ao ¥R
HAH(Masuda et al., 2011).
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Fig. 3. Activation of dendritic cells and natural killer (NK)
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zello et al., 2011).
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& THIE(Th?) Afo]E7ke) 30 G2o] Aolahehe
1k ol vl S dhew 7] tge
v 93 217} v ehdo M F34
% Stk Ag AN, Ed S
B fArEEl I THE Rejuke
= oA oJej7t At
}d (homeostasis}> Th1/Th2 HHkg-2
ol olelgt #do] Ad A9 EelA, 95
A7FAS S Fo] dojdtt. AR ollA &
T2 CD4 THIE A5 Y7 Thid, Th2¥, Thl7
3 2 ZA TAHE(regulatory T cells, Treg)e] #3152 A=
3=t (Jounai ef al., 2012), o]H 3+ LSS AA| FF Eo)
Ao g Yepdtt. L. plantarum W213} B. lactis W52 5+
9] 739 CD4 o TAHIE FollA Treg®] 12141 Foxp3
2] mRNA 28E Z7IAHOW, S thermophilus W672]
739 Th2& THIE FEAIIARR] GATA3®S] IR, Le. lactis
W199] 745 T== 18 THIE FAIQJIAR] T-bete] L&, 1
2]3L L. salivarius W57 Foxp3 ¥%F olUg} Th178 &3}
AARJARR] RORyte] S ZXX7E A o= Yttt
(de Roock et al., 2011). =3+ S. thermophilus ST28 T3
9] 7%~ Thl Al EF}RIQ] IFN-ye] &S ZZIAJA Thl7
Y WSS HAlsks &a3E YER7IE aF M (Ogita
et al., 2011), A2] E572 Lactobacillus 43 T5(L. gasseri
CILF1, CJLF23, CILF34, CILF35, CJLF3 2 L. plantarum
CJLP133, CILP133, CILP243, CINR26, BJ53) &A| v}-$-2
v o] EAeHs TAEERE FN+2] e SRA7 G
(Lee et al., 2011). ©)9}= ©2A| L. plantarum NRIC1832
T CD4 4 THIEZ &gk Az Alo|EFRRIQI IL-
102] ¥H)E Z2IA7)H (Noguchi et al., 2012), L. paracasei
BB5&} L. rhamnosus BB1 2] 739 CD4 %A 2 CD8
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WA Tregd] HIZ Wl HI=E S7HA713L CD4 3 Th2d
TAHE2] M FAPH (apoptosisyS F-=3F3THLin et al., 2012).
WS L. plantarum NRIC03802 CD4 /3 Foxp3 %4 Treg
o] B3l= ZFIAIA B-lactoglobulin 5014 IgE &= A4k
< JAIs= 239= YeRd T (Enomoto ef al., 2009).
TAPFEZ M ZE= A oA DA EZ Y (plasmacytoid)
TAPFE7IMES} 5 (myeloid) TAZE7IME F &
79 Fel2 EA3H(Rizzello et al, 2011). ©] 5 F2A
EF FAGE7IMEES vlolejay vHE|Rlod AR
AFE7IAESY FHol LAS I 9 TLR7 5 TLRY
] 91R1&ke] A1E B HE(type I IFN, IFN-a)S HH] 3}
o= AAN--S -3 (Brawand et al., 2002). 4
T i GA FENEYG FAGEVINEZE 3]
AlA AE JEFHES] LS SXN7]=T], Solgh He
Lactococcus, Streptococcus, Leuconostoc, Pediococcus $:3¢
22 FrEe] TLRY ASAETAIE SASIAIA ol st
Wh8- ZAITH Aolth o]eA) Baste WA
FAFE7NEE Treg F25 F8k= HES dth(Jounai
et al., 2012). ]9} BHEo] 57}A] ZEulo|oE #FIt &
fsolalt IRTsS) 43 AIRYmAe] 2A5ANE
7] 4| 3 (regulatory dendritic cells; IL-10, TGF-B, COX-2,
indoleamine-2,3-dioxygenase %43)S AJAdsle] CD4 U4
Treg?] £3}15 &ZA]71H(Kwon et al., 2010), B. infantis
35624 5 GTAEERE AoH FRA FAGEY
A} FAAES A=A LA TLR22F TLR6 vl
JNZ IL-10 #B]1E XA Foxp3 S Tregd] E3l= &
T3¢ (Konieczna et al., 2012). ©]¢} o] FAkT-S WA
53] FAVGFE7IMES} vhEste] 717] T FEo] &
3-8 fdl=t ole fiktol o3 AdAgH
A} v R 1 5olF] v-5 YERl=

o

K

J

¢

o,
2
12

¢

i 1e e
m
o
BN

Y
o
30,
°

30
=
Ell

£0{0| 2|5t M= St 25t St
Aol A 71t viel 2o fAkt-S MY &4431A)717]
T A WS ANTI= 715 7Y P acidilactici
R0379] A% A|18 ZHTHE(Trl; Foxp3 241, IL-10 %
o] B3l fedte] npga 27pH e ASk] experimental
autoimmune encephalomyelitis(EAE)2] ¥+ A=E 7|45}
= 839= Yeli=H|, ©|l= P acidilactici RO37 5= &
¢l EAE ¥ wh9-2~9] vl e gy A2yt 434
ARO|E7I191 IL-173} IFN-yS thZtol BisA oFslA] &
H|3}7] wjFo|tK(Takata er al., 2011). o] f-Aktol] &%
A Age] A a5 JER HEo AR 4
T 2lo]7} Aol A7 AR thd 73 815 (multiple
sclerosis)?] X|J0] a3V} Ao YIS Aot
= g il Fole EEiA ke dsleE &
2l o' VERHT}. L. paracasei KW31107} Th1/Th2

(¢
=

T8-S ThiFo= FFhA 3t vhe-2 gedA] BdoA &
= IgE AARS AAle = @ RO W (Fujiwara ef al.,
2004), FAVFE7A|ZES] ARTIR] 84| CCR-7 B 3%
A=A PD-L29] 'ES 247} S7MIAA HE 0] AV
E7M3E 0] EZXA]A Thed W uks-S Ao zH
delA] ¥hE-5 At WAYUS O E A8t tH(Ina-
mine et al., 2012). =3} L. casei Shirota= Th1¥d 2 Th2
3 Aol EFIRI RS WA gt o za] LAl vl
EolF IgE 775 A7l A0E Yl Tth(vory er
al., 2008).

ZEulo| Qe oA AsHAA] faligh mdE
o W52 Askel B A5 Bele 2 ATckBoiivant
and Strober, 2007). L. paracasei ST11 o= 2482 2%
A v BdoflX a3 Ml AU HAS Aslsiar
HAESA ARIEFIRIQL IL-1B, IL-6, IL-129] 75 W+
fAAEAAS THATE AL E YERE S H(Oliveira ef
al., 2011), $HollA 7]t ule} 2o IRT59] 2lol= g
Treg®] 315 FXIXA HB5/37d4%K(inflammatory bowel
disease, IBD) S48 U317 )= 2HE-2 3cH(Kwon et al.,
2010). LGG T4 &g 84 ©id pa0 Fo)s
AR/AFEA (EGFR)}F RES3le] AlC|EFIRIY) frs=
DAY APE g e s ojAlste] ASHt
SogRE AFS HEd= a9E YeEldtk(Yan ef al,
2007, 2011). o] ikt 8 So] @Ay} A2 da)A)
zeofe] FeAe-S vERd A Hal2A] o]F ©]83slH IBD

H

AR FIZA NEL AN F= 9L Aole

HAMMZ ZHS0l gt Fikrel HYZHE St
FARES S gl ARt fral dES] ASS
AsfsPaA oA o] 2 E3= FTHMountzouris ef al.,
2007). o]#f$t ai= frkte] Aikshe 71 drREE,
AR I E B2 5, A E A, &
F WS 2HT Toll 93 (Candela et al., 2008;
Johnson-Henry et al., 2008). B. longum subsp. longum JCM
1275T w2 ARelA M2stEA 22ks Akt o)
S0 AFAAZAAN FET B A FAVE a3
318t E coli O157:HT PO ERE] 32 HEsh= &
3} et olg}, E coli 0157:H79] Shiga H42] E3 #o|
£ Adlsl= a3 = eI tH(Fukuda ef al., 2011). 53] E.
coli O157:H79] 7+ Al FAAAAES] TLRSo s}
flagella 5014 IgG7} AAkE= HgHRS-0] doju=d|(Mc-
Neilly et al., 2010). L. paracasei subsp. paracasei NTU101
o] Afole Th2d WS S4SAIA E. coli O157:H7]
HASZHEH 55 Hedh= a7} A}HKTsai er al,
2010). B. infantis 35624 = FU] Tregd] #3315 f%
ko 28 Salmonella Typhimurium 7+H3o) 2J3F in vivo NF-
kB W3-8 down-regulationd}] HAZA] Alo]EFQIS] AY
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Figure 4. Inmunomodulatory effects of lactic acid bacteria on different health benefit. LAB exerts health benefit effects by induc-
ing either innate immune response or adaptive immune response (Rizzello ef al., 2011).
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