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Characteristics and Immunomodulating Activity of Lactic Acid
Bacteria for the Potential Probiotics

Jae-Hoon Seo and Ho Lee"*
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'Department of Food Science & Biotechnology, Kyonggi University

Abstract This study was designed to examine the suitable characteristics of potential probiotic bacteria. Possible probiotic
bacteria, including Lactobacillus acidophilus DDS-1, Lb. acidophilus B-3208, Bifidobacterium bifidum KCTC 3357, Lb.
plantarum, Leuconostoc mesenteroides ssp. mesenteroides ATCC 8293, and Lactococcus lactis ssp. lactis ATCC 7962 were
selected. We then measured their acid and bile tolerances, adhesion properties in the gastrointestinal tract, antimicrobial
activity against pathogenic bacteria, and immunomodulation activity. The acid tolerances of Lb. acidophilus DDS-1, Lb.
acidophilus B-3208, Lb. plantarum, and Leu. mesenteroides ssp. mesenteroides ATCC 8293, in PBS (pH 2.5) for 2 hr, were
high enough that 50% of the inocula survived. The bile tolerances of all bacteria, except Le. lactis ssp. lactis ATCC 7962, .
were also observed at a 3% oxgall concentration in MRS broth. The results of the adhesion property assay showed that
the total binding affinities of Lb. acidophilus DDS-1, Lb. acidophilus B-3208, and B. bifidum were about three times
higher than those of the other bacteria. In testing their antimicrobial activities against pathogens, Lb. acidophilus B-3208,
B. bifidum KCTC 3357, and Lb. plantarum inhibited the growth of pathogenic bacteria. For their immunomodulation
activity, the cell wall fractions from Lb. acidophilus DDS-1 and Lb. acidophilus B-3208 showed the highest bone marrow
cell proliferation activities. However, the cell wall fractions of Lb. acidophilus DDS-1 and B. bifidum, and the cytosol
fraction of Lc. lactis ssp. lactis ATCC 7962 showed higher macrophage stimulation activities than those of the other
bacteria. Since Lb. acidophilus DDS-1 and Lb. acidophilus B-3208 satisfy the requirements for probiotics, they can be

considered suitable probiotic bacteria.
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el Bl A surface lectin-like protein, SLP)} Huhag 7A3}
= AT muein®] B TR 44 2 ARt 93
o)At B HT Ath11,12). WA Kim F(13) rat
colonic mucinRCM)& 24H#9] SLP A¥ES ©]83% colonic-
mucin binding assayS 7Ndsle] Fhl Habso] $p3 55 A
3l ARSI, AR #E FolA Lb brevis7h 7V &
Fe o8 By

T, RS A Al G AR AEAle] 9R =R
EAE, Bo] 9 H|Eo]3 HAAA Y 4l 3 H£FE B
sl Erika gEiA Qo] Ziktel o WAFTy o] #
& A7F Wel AP YTh(14-18). Shin T A+l &Jshd
in vivo(16)%} in vitro(17yY3°14] bifidobacteria®] MX¥ o) &
3 ARG L 5T FFAXE S48 RuHe § A
HHY BESE T3 HA WYA BAo] FHHILH, =gt
e AFASI8EE ikl ofa] M WAAEE, o
AN E B2 F71 2 NK AE B4)9 334 d9A>@ZE
2 2 A4 FUhe] S-S § ThdRt HYEAEE Hol
Ao g YAt
oA B Apdie A FAEF dadEe 2Ry
5t FR3IT e FNFFE AR Y, eSS
d, BA4 A, Al 2HE, 28 52 SN
H, THHoE ZIuo] QgAY BAo] 58 HihdT
& Ad3r] A8 7z ARE PS5 FHoE B d7E &

Asjan.
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AFoNA AR FFE WRHA B2EQ) Lb acidophilus
DDS-13} B-3208, B. bifidum KCTC 3357, Lb. plantarum, Leu.
mesenteroides ssp. mesenteroides ATCC 8293, 18|3 Lec. lactis
ssp. lactis ATCC 7962 #5& AM&sten, YA FTZA
Escherichia coli O15TH7 ATCC 43895, Listeria monocytogenes
ATCC 59414, Salmonella enteritidis ATCC 4931, Staphylococcus
aureuss A5 TE

Ao AH8H AMFFo WY wiXZE MRS(Lactobacilli
MRS, Difco™, Detroit, MI, USA) brothol| L-cysteine - HCI®]
0.05%F 71 MRS broth®} W d<«+ wjdo] AME-E BHi(brain
heart infusion), TSB(tryptic soy broth), NB(nutrient broth), Oxford
agar, MacConkey agar, Staphylococcus 110 agar= BD Bio-
scienceAH(Franklin Lakes, NJ, USA) A& FUsta] ARgali).

ZAhre] A Fabs 24 Aol AR A1k E Guanidine:
HCl, TMB(3,3',5'5-tetramethylbezidine liquid substrate system)<
SigmaAH(St. Louis, MO, USA) A&, SLP(surface lectin-like pro-
tein) A= AM8-E biotin® RocheAl(Sandhofer Strasse, Germany)
AES AFEEI 2, SAV-HRP (Streptoavidine-Horseradish Perox-
ide Conjugate)= BD BioscienceAH(Franklin Lakes, NJ, USA)<]
AFE ThatA ARSIt 2 8] A|eke AldEe 15 oV
248 AlekS ALY

L

A s

B Ao A" mouse C3H/HeAl(female, 6-75F%), ICRA
(male, 6-8 F-B)2 (F)UNT vlolQ YABRE T3t A3}
dom, 4L(2313°C, = 55-70%)°04 B3 ALRE AHF4
8l ARS-3FATE RatS Wister hannoverdl(female, 1058)2 (55)

AWE}E BIO KOREAZYE 7R3l AMgstglon ARgzie
mouse®t BT FALZ ST

ety o LHEEY 53

Wit 23& dA, R 655 MRS(with 0.05%-L-cysteine*
HCY A wiAoA H7lzA02 37°C, 24X 7 i3 ¥, a5
7} 9F 1X107 cellmL = FAHNaCl: 8g/L, KCl: 0.3 gL,
CaCl,: 033gM)e2 34313, 9mLe PBS(phosphate buffer
saling; pH 2.5)°1 1mL ¥ol&E ¥ 37°CIA 2417 wi%E 3
o} 353 v AANG AMgEt] AP $EE AT
3., MRS-agar plate® AM:3}ed double layerZ platingdt 714
ZALE 3TC, 48M7F MiFT F #FE SFEATH19). T,
WeEEAe A$ole Rkt 652 MRSHA wixex d7]zAd
o7 37°C, 24A7F Wik B @t ok 1X107 cellmL EA #
Ado=m FAE 3 FAE FFE oxgall(0-3.0%)] F71E MRS-
agarl double layer2 317 platingdt ¥ H7IRZSE 37°C, 72/
7F wjoFst & Zakge] gEat i WS S8 5ATh20).

U His 53

AU A 2AS 93 ANEY F#HAY SR Rat colonic
mucinRCM)9] ZA)|, SLP &5, 2|3 biotinylated-SLPS] ZAl=
Kim 5(13)9] %ol w2t 3yt EHE RCME 96-well
plated] 75 uLA EFE3, monolayers FAAAIF171 13l 4°ColA
16A7+ w+2A171 & PBST(phosphate buffer solution with 0.5%
tween 20)2 33] AAL 31, RCMOE ANYAA] gk ¥l F7+
S A7) A8l blocking bufferE ZH welldl] B8 F, A-2A
2217+ WESAIZATE ukS & PBSTZ 43] AFE AAg & bioti-
nylated-SLPS 779 welld] £F351] FeellA 1A7E¢ RCM
3 Age AZT) olAS PBSTZ 23] Al3g ¥ SAv-HRPE &
Z3L & 2o A7 weAIZl ¥ 73] AlFHEI T TMBS
Zb welle] 253 £ A 1087 dESAIZL & A 89
2M HS0)2 #5319 W8-g $827 ¥, microplate reader
(Molecular Devices, USAYE ©]-&3l 450 nmellY F4=8 &4
shsdrt.

Haldz oMs &3

HAabgo] 23 WA AT S Al FaE fARE
Z78 wEo F71 98] 0.05%-L-cysteine - HCIZ MRS H]= ¢]]
F71sl) @N2ANM B I} At EFuYel 9
8 A2l 632 Tt 459 HA8HETE A
o] wiF AN 37°CAA 247 g T, ibd} HAdHT
£ 7kt 271527 g 1X10% cfwmle]l FA MRSEIRS) 3§
Z310t} g T WA g AN E ol &3l #4E EA
st tzzo2es YA F59e MRSHIAY) HEste §
o zAoR Wi F AR eA FFE SA st HlsiiT

HoAEY £X

A 238 A ¥ ®el: 639 34E MRS(with
0.05%-L-cysteine - HC)2} A wix]o|lA 7] ZASZ 37°C, 2441
7+ ket 3 YAEE (5,000 rpm, 4°C, 20 min)3le] FAE 3¢
9tk 3led FAle Az AP50.85% NaClg&d o2 33] A
H3 F 150mLe] 23} FHFol dgsEigth d@Ed #AE 2
$-3} B4)7](Ultrasonic processer, Sonic and Material INC., New-
town, CT, USA; 4°C, Smin)E ©]-&3l] AlxHE #33 &
A1E-2] (5,000 rpm, 4°C, 30 min)3}3L, 45 FE-& oA W4lE
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2](12,000 rpm, 4°C, 10 min)dte] M EE A B (cytosol fraction)Z}
A= A E(cell-wall fraction)© 2 F3]310T) o}#A dojzl 7}
YRS FANZINY 9 x| fdo7 A3 F gAHY
245 ARE AT

ZAAEY A= 24 A9HGY FHEE A EY Peyer's
patch AEske] wkg T 353 Jeds TFAEY w-eAA
SFAETE SHHE AE2A veplied, S5 248 Alamar
Blue™(Biosource International Inc., Camarillo, CA, USA)] &%
Alefo} HolSle ZFMEY HAAAEA NN WEHE ARl ¢
3 o] WA 2EE AHSIATHR2). =, ZFAES}
Ao v AT wikEE 1847 Aol Alamar BlueTM
20 pLE FH7HF vhe, B3E-47](Luminescence spectrophotometer,
Perkin Elmer Ltd, Seer Green, UK)E ©]&3}a] excitation
544 nm9} emission 590 nmelAN ZFAE AT E 24590} o
4 RZ22E LIPS, 24 Uzzogs HEAE4E A8 o
Al ARESF tlz2 e} W) A skako).

Splenocyte Mitogen 8% 54: ICR mouse(6-85-3, -5-4)ell
A HIAE AZE3 splenocyteS BEF F 02% AEFE o] &
HAYTE AASIL, RPMI 1640-FBS H}A|(Gibco BRL Co.,
Grand Island, NY, USA)Z 2-38] Al &3le] A ZEFE 5X10° cell/
mL7} Heg 245t oY dojF ME HFAL 96 well
plate?] 90 uL¥ 32 10 uLo] NEEAS Hrlskd 37°C, 5%
CO, incubatoroll X 72417+ w3t & 7} wello]l MTT(Sigma
Chemical Co., St. Louis, MO, USA) &35 H7sle] sA|17+ vk
%, BA4¥E MTT formazan®] %S microplate readerE o]-4-3}od
570 nmelA FFEE 2798194 (23) mitogen BB S-E =339

vEENA] Y% &4 viEEgN €45 24e £48
Suzvki 5(24)9] WS AHE3IT &, ICR mouse(male, 6-85F
o] E7Je) 5% thioglycollate BiR(TGYE 2 mL F¢48k2 72-96
AlZE el =8 ti2H E(mactophage)E 3973 3 RPMI 1640
OS2 233 AHSL AE FE 1X10° cellmlZ 24T F 9%
well plateol] 100 pL¥ 239t} ©15 5% CO, incubatoroll A
Hi9H37°C, 2 )31 macrophage monolayerS A7), FSoH
& AAT £ 7F wellol RPMI 1640(with 7% FCS)S 180 uLE
LA, 20 uLe] AIRE H7lste] 24A17F miFEla) Wi &
279318 macrophage monolayer® iR Z MA3FtA, 1% Triton
X-100& 7hsl] MEeks 833t & #elFl lysosomal phosphatase
£ 714 p-NPP(p-nitrophenylphosphate disodium salt)e} ¥H2-A]
Zl Uk microplate reader® ©}&5td 405 nmollA ETFTE =X
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Holl= pH7F oF 203022 AH, 480 92 EFahe
bl £85e AIZR oF 24X 7b0lth25). AB7HA] Bake] Yo
off th3t WA AL in vivedolAd 2 RS Blei= 2
3} 39 2 PBS 59 buffersS ©)&3t in vino’Fe] 7HHA
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Fig. 1. Effect of the acid exposure on the survival of lactic acid
bacteria. LAB were incubated in PBS adjusted to pH 2.5 for 2 hr
and diluted with saline, and then plated out in MRS-agar. A;
Lactobacillus acidophilus DDS-1, B; Lactobacillus acidophilus B-
3208, C; Bifidobacterium bifidum KCTC 3357, D; Lactobacillus
plantarum, E; Leuconostoc mesenteroides ssp. mesenteroides ATCC
8293, F; Lactococcus lactis ssp. lactis ATCC 7962.

o] Fadglel Aite 2% W2 pHRl ZA0F egon, in
vitro2] A3 A} in vivol A2l A3zt A KA B
dozxn udEe] YEL 2E9] W2 pHYll gk A3l o
B QAo LA QUTH26).

wEbA & AdeMe GAHHCHSE pHE 252 24T PBS
B ol8dte] 6% R WAYE AENIOHFig 1), B
Hele Qi) Adst AR BANL o183Ht. Lb, acidophilus
DDS-1, Lb. acidophilus B-3208, Lb. plantarum, Leu. mesenteroides
ssp. mesenteroides ATCC 8293 59| 459 #5= AEEC] 50%
ol fog A el oW, 53] Lb. acidophilus B-32085} DDS-
12 AEE0] 0%l o2 ThE it vis] =2 Wige
HelIQTh. 23y B bifidum KCTC 3357, Le. lactis ssp. lactis
ATCC 7962 AEE°] 50% PIke® vesith webd o5 Lb.
acidophilus DDS-1, Lb. acidophilus B-3208, Lb. plantarum, Leu.
mesenteroides ssp. mesenteroides ATCC 8293 & 4dFF in vivo
&) AMEAIME FEF o] wol 9 T Fo= o
T2 F A& Aolgt Algdrh

g, ggate] digk Ui folixe] Az dig A3
& TlEo] ZZulo] @ EA mAEo] Zhgofof & F|EAQ] 54
F shuelth g5 &%) AReA EH|Ee] HFHE AEHE
9] &3}, E5E S8k, vAEel dis] A9} fAFSHdetergent-
like) 28-S Frozx Ay Atez FAHOUE FAES]
Aol JFE Fof HAE S-S she A= duiilvh
e 2 plAES H5A JheEs] E4xbile salt hydrolase,
BSH)d &3l @EAES 7hrEslste], 289 SRS 44N
Pom oHT F§2 AL & Utk B8 LactobacillusE
X3 B Fo) ikgelA BSH &7t dAEl o, 059
EAe] thF A871ake obd A WA aatheT).

B Ao = Gillilands} Specke] HFE28YS HME Il oxgall

=5 223H0-3.0%) MRS ¥4 HolA gHEd WS &

At A3, Table 1904 UpERt vhel o], B A@oM AMSH
BNAgTF = Le. lactis ssp. lactis ATCC 79628 A8+ 552 &
FE 3%9 oxgallel ¥ MRS #iXAM = AHL At
Erkki®} Petaja(29)0 2I3HH, 9] oxgall?] FE= TheFstAI,
2313 ol A e Z2ulo) o8 33 M) o))y
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Table 1. Effect of bile salt concentration on the growth of lactic
acid bacteria

. Bile salts (%)
Strain

0 0.1 0.3 0.5 1.0 15 20 30
A + + + + + + + +
B + + + + + + + +
C + + + + + + + +
D + + + + + + + +
E + + + + + + + +
F + + + - - - - -

Lactic acid bacteria are cultivated in MRS-agar containing oxgall. The
strain-names of lactic acid bacteria are as described in the legend of
Fig. 1.
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(lectin-like protein)e] #edslal Yo Kenji (1) Lacrobacil-
lus casei®] A¥se] W A 7 e 2 27 ) A
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Aol ds Tue ARS RSt uebd Ay "Fae
AL Asbse] SLP9} RCMsEe] AFHS 0143k colonic

mucin-binding assay(13)2 S43}5.0H, o] b zh) H3=

B7rel AdAGH Ao & AeE HuHch

AaaTs deR o Hs AN Lb. acidophilus
DDS-1, Lb. acidophilus B-3208, B. bifidum KCTC 3357, Lc.
lactis ssp. lactis ATCC 7962, Leu. mesenteroides ssp. mesenteroides
ATCC 8293, Lb. plantarum 2.2 “h) Hz5o] didle Ao
2 YelthTable 2). 53] Lb. acidophilus DDS-13} B-3208, B.
bifidum KCTC 33572 The 37FA] 5ol W8] oF 2-38) =2 %
W H&3sE Jeizien, o] 3= bifidobacteria(32)$} Lb.
acidophilus 15(33)°] 457t 7% =2 Al FL%S e
Welths 9+ 29 gxsich mgels ol 45 ¢ 2
Aok vlaske] 12 Fhll JE3%E THE AoE ARH,
Abge] 919 23E FHst] ol 2 FEE JRE F 3
< Ao WL

Hadg qus &3

Akt AR B I aEe] Ayl A ele]
D QS A Hsk] ARREHIIE SRz, Rikrl
frefetrel oA 7o 2e whE el e PAEH]
AR (RZ12E 1,0, 5) A%, W Adeaxe] Fa3
A Fo] LA Urh34).

2 ddode A BAXNTE E coli O157:H7 ATCC 43895,
L. monocytogenes ATCC 59414, Sal. enteritidis ATCC 4931,
Staph. aureus Tl e el ARAA TS il
o3 AR o, xLL2E YA HFUE MRSHIA
A s sl S We] F4E o] &3t Table 30 WERS
vpe} o] Aiktael WA #5o] EFMGS] AL Lb aci-
dophilus DDS-13} B-3208, B. bifidum KCTC 3357, Lb. plan-
tarum & 459 RADFE Staph aweusE AT TIE 3F9
WY 475 1X10° cfwmL 3] #52 A JAHAL
], & 279 ikt Hedwe] vk gAlse| ¥ £
o7 vehgth 8 A AMSE 639 ikt BT Staph

1

N

o
r oQ

B o
o f?:

Table 2. Adhesion property of SLP of lactic acid bacteria to rat colonic mucosa

Strain Protein Binding affinity" Total binding affinity?

(ng/mL) (O.D. at 450 nm) (Mean + SD)
Lb. acidophilus DDS-1 50.51 1.96 + 0.06 99.00+3.13
Lb. acidophilus B-3208 42.32 2.33+£0.03 98.39+1.31
B. bifidum KCTC 3357 60.02 1.37+0.02 82.41+0.96
Lb. plantarum 15.56 1.34+0.01 20.79+0.16
Leu. mesenteroides ssp. mesenteroides ATCC 8293 31.08 0.90+0.02 28.00 £ 0.46
Lc. lactis ssp. lactis ATCC 7962 27.71 1.41+0.01 39.10+0.14

"Binding affinity to mucin was measured by colonic mucin-binding assay (13) and expressed as mean+ SD of quadruplicate tests. The

concentration of biotinylated-SLP was 5 pg/mL.

“Relative binding affinity = Protein (ug/mL) x Binding affinity/100.

Table 3. Inhibitory effect of lactic acid bacteria on pathogenic bacteria in associative cultures

Viable cells (cfu/mL)
Enteric pathogen Strain®
Control"
A B C D E F

Escherichia coil O157:H7 ATCC 43895 2.6 x 10° <10? <10? 1x10% <10? 2.2 x 107 1.7 x 107
Listeria monocytogenes ATCC 59414 3.5x% 10 <10? <10? <10? <10? <10? 4.5x 10°
Salmonella enteritidis ATCC 4931 2.6 x 10 <10? <107 <10? <10? <10? 1.58 x 10°
Staphylococcus aureus 3.3 x 10 2.5x% 10° 24 % 10° 2.5 % 10° 23 %108 2.8 %108 28 x10°

YOnly enteric pathogen was grown in MRS broth.

“Each strain was grown with enteric pathogen in MRS broth, The strain-names of lactic acid bacteria are as described in the legend of Fig. 1.
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Fig. 2. Intestinal immune system modulating activities of the
cellular components prepared from lactic acid bacteria. The
strain-names of lactic acid bacteria are as described in the legend of
Fig. 1. "The proliferation of bone marrow cells through Peyer’s
patch was measured by a fluorometric method, using the Alamar
Blue™ reduction assay. Each value was expressed as mean  SD of
quadruplicate assays. “The final concentration of sample was 100
pg/mL. YLPS, lipopolysaccharides from Escherichia coli O127:B8
was used as a positive control.

aureus®l| TIE lAIG2 WA debnth. @9 7o) Rkt
Bl dd A AATelAM Aolg Mol AL Shin F
(59l APAHAN S} o] Welgte] aPYY T

ol W2 oA AYETE 2 Wew R wlE 2kt 9
& Y AT dEde e RAFE S AT 12
Y & d¥NE sakre] 9@ My s
oA Al Belede AR 9] e BF s
o B SAA et 71AATFE Fate o|eF AolE
B g

3 Hl o

HoEY &F
AT AR 34 28 fAF 2L AT FHE AH 2
THo] kst AREaAE vehdvkz 282 Lb. acidophilus,
Bifidobacterium &) B2t5E T30 FAHY B3 o7
of sl HE3FATE MRS HiR|olA Hjoks Bakt-g 289 A
glste] AlES Ffskal 12,000 rpmol A 108-7F QA Ee] 5k
N HHERZ R &, o)L AEd P2 Ay 3
To= ARSIt 7t BRE ,
2 A8 gAg 2Ask 4 = :
23, Fig. 20 Wehdh uje} Zho] Axson gume] a4de A
A HEHT AFE oA JiFos w4 Yeston, b,
acidophilus DDS-13} B. bifidum®] AEH ZRoX FPZTO
E AH&¥ endotoxin®! LPS9} FAKS B8 JeRth E3] Lp,
acidophilus DDS-19] M3E R 7
=2 ITAE FHENE HYdo=H
A B & 5 ATk

Mitogen &4 3 (splenocyte proliferation): ¥]7(spleen)S 3
doRH FAE T, B L T YZT7) AL} o)
o AFE w2 F Yo Bt o)RoA= e A
Z1de 2 vt i g7 FALe wWoN AN e o
g qrlE Ad) FH1E 659 Rk AEY AR g%
2 A4S 100 pgmL, 10 pg/mLZ ZA5H] mitogen 43S MTT

A S 685

(A) Cell wall preparation

1.0

T Control
100 ugimL
B2 10 ug/mL
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Fig. 3. Splenocyte mitogenic activities of the cellular components
prepared from lactic acid bacteria. The strain-names of lactic acid
bacteria are as described in the legend of Fig. 1. Splenocytes were
cultured with each cellular component (100 ug/mL) and control.
Splenocyte mitogenic activity was measured by MTT assay and
expressed as mean + SD of quadruplicate cultures. ?ConA and LPS
were used as a positive control.
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Fig. 4. Macrophage-stimualting activities of the cellular components
prepared from lactic acid bacteria. The strain-names of lactic acid
bacteria are as described in the legend of Fig. 1. TG-elicited macro-
phages were cultured with each cellular component (100 pg/mL)
and control. "The macrophage-stimulating activity was measured by
lysosomal phosphatase activity and expressed as mean+ SD of
quadruplicate cultures. ’LPS, lipopolysaccharides from Escherichia
coli O127:B8 was used as a positive control.
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