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Screening of Lactic Acid Bacteria with Potent Adhesive Property in
Human Colon using Colonic Mucin-binding Assay

Seong-Yeong Kim, Kwang-Soon Shin, and Ho Lee*
Department of Food Science and Biotechnology, Kyonggi University

To screen probiotic lactic acid bacteria with potent adhesive property on human colonic mucosa, colonic mucin-
binding assay was introduced. This colonic mucin-binding assay actually measures the binding activity of surface
lectin-like protein (SLP) on colonic mucin, and the optimal conditions were examined. The optimal pH for
colonic mucin coating on plate wells was 4.8, and X 24,000 diluted solution of commercially available horseradish
peroxidase (HRP) conjugated streptoavidin yielded good results. For rapid screening, 5.0 pug/mL of bictinylated
SLP from lactic acid bacteria was optimal, and optimal scintillation time of 3,3',5,5'-tetramethyl benzidine (TMB)
was 10 min. These conditions were useful for both rapid sdlection and quantitative analysis of lactic acid bacteria
that have high adhesion property to human intestinal tract. Among 50 strains of lactic acid bacteria, including
32 type culture strains and 18 isolated strains from infant feces, Lactobacillus species FSB-1 isolated from kimchi
showed the highest binding activity to colonic mucin. From taxonomical viewpoints based on morphological
study, physico-biochemical study, partial 16S rDNA seguencing, and phylogenetic analysis, L. species FSB-1 was

identified as Lactobacillus brevis.
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o+ XA lectid A7) AFH G o] &S Fikel Al
Haze] A7t BaxEa 0=ul(18,19), Tekahashi 5(19)2
RCM<S o] &3} polysyrene beaddll Z® 3}, f4ke] AsH
52 435k MRS AEE J18kste, Lactobacillus adi-
dophilus group FAHFE3 RCMZEe] A¥sS A8
A7, L. acidophilus YN 20627} 71 =& AstsS Btk
RSt 1 Matsumura 5(18)2 4] Lactobacillus acido-
philus #E3+ RCM7F] A3F5S AMH A3, L. adidophilus
JCM 1025, SBT 267, LA2, SBT 20627} & A2 7o
o, o]& 759 SLP9 colonic mucing] Wi @ Fx7+e
Aol oS ZFxS bk ok 28y o] AFELS L
acidophilus groupl|RF =$t=lo] Qlof 1 9] fikto] RSt
A2s o] ZAnta v|wrt oje] g Aot

wEbA] 2 AFolxe 17k el ek FEes 7
v #FE A8 BHoE AT FTEQl ra colonic
mucinzt fAHE B9 lectind &
colonic mucin-binding assay®] 41 %71 Lactobacillus acido-
philus IFO 30255 ©]-&-3te] A3kt =&k o] S o]&
3ol Lactobacillus?;, Bifidobacteriumés, Lactococous?;s 5 3]
2 BYFF £ 3257 A4S 15 2 349 fof B B
2|3t Bifidobacteriumé 42 FYSE 1859 #8HT 5,
Z 50%° FATE R AReds S5 g
7P =& @4S 1el Lactobacillus species FSB-19] t)gh &
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2 Aol AREE FA] B FE T 3252 7t 713
EFEAL Zelated A7) tighd AFAEF sl B
4 F9) ATEA, Table 20 A|AIE vke} 2t} oA ¥ A
oA colonic mucin-binding assaye] =74 & =
Lactobacillus acidophilus IFO 302533t}

TSk B Ao ARE HAEES AR o mucingt
7P Hls=gh 24(1819yS 7ML Avkal 4Rl Wister rat(-s-
A4, 1078, (FNER, 771)°1%ith 24£1°C B 55% s
T2 2EE ASEUdlA 244807 B 4SER si9om,
AFR (AR, R =& AN AT

fote| 2Ho=RE Bifidobacterium®k #Fe| 22|

7% FhAG AFshke A 17 % 3K wwke] ot
S AFs AlE2 ARST. MRS(Difco Co, USA) o
AR A Fof EHE Fr|FHow A 4513, Mdlissa
519 triplelayer diffuson ¥Hel wet, ¥ AJE g
o] FHgell ARst=E & vk, ¢ F714 2ol fAH
S5 anaerobic systems(Becton Dickinson Lab, USA)E ©]&
atod weFsioltt. oluf Bifidobacteriumé w571 A o=
AR 4 Q=2 BL IAE|A](Difco Co., USA)S Aeiul=]
2 ARgate] 37°CellA] 48A17F B miFaiitt. BL ALARA|
oA Z374st colony 5 FEN7F Aol colony 100715 13H4
o2 F2](B1-B100)3te, lithium chloride 0.5mg/mL, sodium
lauryl sulfate 20 ug/mL, sodium propionate 5mg/mL, neomy-
cin sufae 10 pg/mL7F ¥ modified VF-Bouillon agar
(RDE ol&3t A} AFe v, 37ClA 4827 F<F A
Gttt olw AR AlSFE2 Sigmarhe] AlFeleH, &

Wil AAe = 18%9] #5Z Bifidobacteriumé; 34
F2 3TH(Table 2 #%).

Akl vk U surface lectin-like protein(SLP)2| =X
o] 8 AT S fE A" A
2 Bd43 505 <, Bifidobacteriumés #F= MRS AHIA]

A 48N7F Fot vjekslitt. Lactobadillust:: 5 B} fAHEFE
S FY3 wiR 20NN FF HESIAL, 3rCA 2407 B
7] wjekst & Aol AMg-stAT

QoA weket Zhzke] wjodelS 4°C, 650 @Ol 2047 4l
EEste] #AE 3 ¥, 10mM phosphate  buffer
sing(pH 7.2, ©]3t PBYCE 33 Al Hslth #AE 2M
guanidineHCl(Sigma Chemica Co., USA) &lio] & gtsh
37CollA 2/7F BRF KRSt A sEH] Ak oA S
=39tk 28 89S 4°C, 1,600g004 3087 AAlEe]
of #AE AAT thy L AAAE SHTE LCA 484
T FA &, sAAZS SLPE XA

SR Y]

my

Biotinylated SLP2| =X

SLP 1mgE& 015M NaClE &3 0.1M NaHPO, € (pH
9.0l g3k, 371el bioting} A]<F, D-biotinyl-e-aminocaproic
acid N-hydroxysuccinimide ester(Roche Diagnogtics Co., USA)
1mgS 40uLe] DMSO(Sigma Chemica Co., USA)ol o] 3
7k, 4°CollA 16A17F B9t HESAIATE o] F nwke-EHS
10mM PBS(pH 7.2= 4°Collx] 2447 Bt £A41& 35t
biotin-conjugated SLPE ZA|3}31t}. Biotinylated SLP &< &
o] whila FekS phovine serum adbumin(Sigma Chemica Co.,
USA)S #FEZ2=Z o] Micro BCA protein assay kit(Bio-rad
Lab, Canada) ©]-&3te] 43Tt

Rat colonic mucin(RCM)e| =X
RCM2 Pearet 5(22)9] %ol wel Wider rate] o7 e
S 2RE AU 10572 4, Wiger ra2 XARA &
5 st s AES §, i WS dide glass® =
ool deE& 33t 4d A95S Folch's £
o]

0 My

AE AH] BRI EXE S H2Eel 6M guanidine-
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Colonic mucin-binding assay

Microtiter plate(Maxisorp, Nunc, Denmark)2] weloll RCM
£ (B0ugmL, 6M guanidineHCl) 75uLE Z+7 BF sk,
£CAA s FRF WHEAIA mucng well EH0 T2
t}. oY plaeS PBST(PBS-0.05% Tween 20, A%k 15)E 3
3] MAet &, blocking buffer(0.05% Tween 203} 1% BSAE
gHFe PBS, pH 7.2) 100uLE A B3 th, A2olA] 24
7F &t RSk RCMo] F3E]R] ¢k well EH-E blocking
3kt o]F 7t well> PBSTS ©]8-3te] 43] A 3}aL, bioti-
nylaed SLP €< 50uLE Al EF3te] 1AIZF F<Lt Ad2ollA
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-S| Z T Whe-EkA] 942 hictinylated SLPE A A5t Sl
TR AS AAS F, PBSTE ©|-83t ZF wels 33] Al

2ttt o]gA A2 plaedl] 23] 3]A4¥ horseradish
peroxidasa(HRP)-conjugated  streptoavidin(Parmingen, Lab, USA)
S0uLE E3kar, AdolA A7 59t vhSAIFTE AgEHA
%<& HRP-conjugated streptoaviding: A #3171 8], A AL
W23 PBSTZ 73] Mg %, 33 55-teranethylbenzydine
(TMB) liquid subdstrate sysem(Sigma Chemica Co., USA)
60uLE F7kste] HAAIZ] Ty, 2N H,S0,(A¢F 1) 60uL
£ EFste wheS AT T FE= 450 nmeoll A
Microtiter plate reader(Molecular Devices, USA)S AR&3}] 3

F=E S

Colonic mucin-binding assaye|] 24 =7 MA

Colonic mucin-binding assay2] A3}l G vX= Z42+e]
ARRMAE HHgsb] sk, A f4kt5<] L. acidophilus
IFO 3025°] SLPE o]&3to] ol o] dAs st HF &
A 2715 AAs

Z} pHY| W& RCME] B& ZA: Microtiter platel] gt
RCM -2 Fxo)] wX|& pHe JFS ZARBH] 91814, 6M
guanidineHCl &9 01N NaOH(A1%F 17) EE 01N HCl
Nk 1F)S 71Fe 24, pHE 48, 7.0, 10022 =33l
7} pHe] 6M guanidineHCl &-<o] RCMS F71ste] 50ug/
mLe] T=rt H=E ZASA °]ES micotiter plae] Z+
7 Tsuld gk o 4°C0A 16A17F Bt B A5t RCM
S F2AF Y. Microtiter plated] F-2HEl colonic mudine] 3
< mudn® ©A %2 HwslaZzl, Mico BCA Protein
assay kit o]-8-ste] S5kt

HRP-conjugated streptoaviding A& X ZAA: Colonic
mucin-binding assayell 114 HRP-conjugated dtreptoaviding]
A E=7t rAE S SHs] sk, biotinylated SLP
FEE 50 ¥ 100ugmLE 2A 38, Al HRP-conjugated
sreptoavidin®] = 3|4 Hg o] &ste] EAE FAT v,
AFHE vt ojw] TMB TAAI7Fe 10202 31t}

Biotinylated SLP¢] M= ZA: A4 biotinylated SLPC]
A TerE AAs] 285k, =5 72 0, 0625 1.25, 25,
50, 100ug/mLE 243 the, TMB A7} 1050l £-4]
< Y3, 2 AFE H|wEATh

TMB A A17F AA: Colonic mucin-binding assayell~] TMB
o] M|zl wE IS HESP] Qlste], TMB A& 0, 5,
10, 20, 40% 5ol S FRAF|L 450 nmellA] S35 H]

skt
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B Aol AW Aol 7 dF2 dEE Lactoba
cillus species FSB-19] 54 $)3le], 4700 SEM(Hitachi,
Japan) TAFE AR AWl o] gk FEfsHAQl #2223y T3
SATh WA, A 9, 84, dEsty 54 ¢4 o
&gk 71 gk aAvkeEs] 84 o] sy 548
Cowans} Sted(24) 2 Macfaddin®] 1 (25)0l] we} AXlslw,
Bergey’'s Mannua of Systemic Bacteriology(26)2] W83 Bl
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AEsA. s B} Jost 48 918 L. gpecies FSB-19]
16S rDNA2] H71XDEA1S T3 16S IDNAE 25F/
°]  universd  primer(5-GAGTTTGATCCTGGCTCAG-3, 5-
AGAAA GGAGGTGATCCAGCC-3)E A}&3te] PCRol| <&l
ZZ35}3(27), QIA Quick PCR Product Purification kit(Qui-
agen, Germany)oll ©|3] A|g ths, ABI PRISM Big Dye
Teminator 2 Genetic Analyzer 377(Applied Biosysems, CA,
USA)S ol &sted AMES 48ttt AEE 5 L. ecies
FSB-1¢] 16S rDNA A ¥& CLUSTRAL W software(28)5 ©|
£3led, t}2 Lactobacillus® #F 2 EMBL/Gene Bank data
base= FE AL FAFTo MG FEA7|L, Fees =

Akt

U HEY 25 fM4ZF MEE 28t colonic mucin-
binding assay2| &A1 =7 z|Hs}

RCM9| R w2= pHY FT: Tl dHso] 53
FAEFE AEs] $8 o2 colonic mudin-binding assay
£ ol&sy] flall, & AW Al FFE vE T e
7t ZAS HZH3 s2x s tl. Colonic mucin-binding
assayoll A microtiter platee] wellol gk RCMe] Rake 2 1B
Aol o Aol A== T8¢ vk F V=R, RCM9
o] u|xE pHO S 2AsIATHTable 1). RCM] -3+
AEE wdlol] 73 wAgFo s vwg 43, FAE
RCMS pH 48, 70 ¥ 1009 Z7A Zz 3% 0.36,
035 % 0.345 YeRh ol8ist Ax= RCMS| microtiter plate
of it 72 =7t pHel WSl wet & Aot gles
Eill= Zo=, o]F9 A= RCM ZAX] ALE-E §uf
¢l 6M guanidineHCI2] pHS) 48014 7 F2A|A Hao
o] &ttt ole}t fAkE AFAARE, Shi 5(29)> 49 &
g ALEAEZE (polyurethane, polystyrene, slicone, methyl meth-
acrylae)e] FHo 490 o]atd mucing FEtsl AF A,
mucin®] F&o] 7F53k of7F mucin & wHlE XA (naked
protein backbone)e] 442 AdZo] 7}t A W 2
3b7] WiZela sheH, mucing Tl FAAE 7
o] e=3lE0] ZAAKE(cabohydrate dugen® Ag=o] Jde +
z2 FHogtty B stk ®3% Ohaa 5(30)% mucing]
microtiter plate>] g 2 E= pH 2-99] HLlolA F Apo]
7} 9ok B3 uke Iok@3L). o3 Adte B Adie

dAehH= Aot}

ol

Colonic mucin-binding assayellA] HRP-greptoaviding] 33
AEEs%E ZA: Colonic mucin-binding assay2] #& ¥4 =71
S A7) Y8l, pH 482 704 RCMS microtiter plate
EHo F&2A)Z1 &, L. acidophilus IFO 30252 %€ << hio-

Table 1. Effects of pH on mucin-coating onto wells of microtiter
platesin colonic mucin-binding assay

Mucin-coating pH 48 7.0 10.0

Bound protein
(O.D., mean+SD)

DProtein contents were measured by Micro BCA protein assay kit and
expressed as mean=SD of quadruplicate tests (Absorbance at
600 nm).

0.36+0.03 0.35+0.01 0.34+0.01
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—— SLP 5 ug/mL
—O— SLP 10 pg/mL
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Adhesion to colonic mucin”
N~

0 20 40 60 80 100 120

HRP concentration (dilution folds; X1,000)
Fig. 1. Effects of horseradish peroxidase conjugated streptoavidin
on adhesive property in colonic mucin-binding assay.
YAdhesion to colonic mucin was measured by colonic mucin-
binding assay and expressed as mean =+ SD of quadruplicate tests.

tinylaed SLP2] =5 50 % 100ugmL=E 2zt 22]g U,
27430 u]X)= HRP-conjugated sreptoaviding] F3-S A}
skt Fg. 10 ek kel 2ro], HRP-conjugated streptoavi-
din =7} #AgEE colonic mucinel] ik Agte] WA =
AEE 432 Btk £3] Al¥ HRP-conjugated streptoavidin
£l 3,000-36,00081 32 He] ZAA biotinylated SLP 5.0
100 pg/mL2} colonic mucinZke] A2 78] 2o w 7ha
ske A3E B wEkA 2 Ao+ colonic mucindl]
gk biotinylated SLPS] Agte] 2d3e] ZdEe e, 53
T7F 1.0-20& YEE HRP-conjugated streptoavidin 24,00041
Ml A srg ZAAS, o529 Ay ARSIt

Colonic mucin-binding assay®llA] bictinylated SLPS] A&
% 24 Colonic mucindll tiall 43 AE == Yehle
biotinylated SLPS] =& ZAAsl7] f13td, x4 ikt

(5]
L

. . o1
Adhesion to colonic mucin”
-
.
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SLP concentraion (ug/mL)

Fig. 2. Effects of biontinylated surface lectin-like protein on
adhesive property in colonic mucin-binding assay.

YAdhesion to colonic mucin was measured by colonic mucin-
binding assay and expressed as mean+ SD of quadruplicate tests.

L. acidophilus IFO 3025 71¢le] SLPE =A% T}, biotiny-
laed SLP2] %0 wWE colonic mucingte] Agsel] sk o
S vl 2 =243tHFig. 2). Biotinylated SLPY] %7 =
71etell wet colonic mucinell tg AIHEE Frishe A
< Bt} 3] colonic mucinell T3t biotinlyated SLP2] A%t
Awrt Ao Srbekal, A F¥=F 10208 HER
= %5522 biotinylated SLP 50pgmL7t £ B4R e 913 3
A z7olgt A=t T3 biotinylated SLP2] F=ol wh
2t colonic mucinzke] Adte] Fo4d Ue AolE HAFe= £
A A=, teke njAlEe] A s 4L Hd B =
Aol fasA ARE 71sAo] ASS RINA FATH

Colonic mucin-binding assayelAl TMB &3A|ZF A o]
o] Agof|A dojrl FHZ 24 colonic mucin-binding assay
o] 4 Azl vz TMB A7 o] ks ZALeH A3,
Fig. 30 vehd wvle} 2tk TMB Al2ke] Xgjrlzte] Hojzds
= colonic mucinoll ™3k L. acidophilus IFO 3025 7]2]
biotinylated SLP Z¥5=7}t S71ske 238 et ufet
A B AR A7 Aelxet EdaA, TMB A AL
W colonic mucinell thet AFPErF 2M4de] AFS Hol
3, HE FE=7F 10209 AelE YE= 108 AHE7 £
A9 HA zHolgta AdE AT

wety Ag7iRe] Aas FdeEl = o, FAEe] A
NS Hrrslkr] el ikt 19 lectind A} gk
22l colonic mucing+e] A3eS &4 38k= colonic mucin-bind-
ing assys AMEE 739, mucine] F3E24-2 pH 4.8, HRP
TET AlAAIES] 24,0000 3]AH, biotinylated SLPS] %25
50ug/mL, TMBS] ZAA|7H2 10%0] FHHe| B4z
S FRlIst = Ul

Takahashi 5(19> RCM< 7FX2L polystyrene beadS +H
st} fAkte] A5 SAse M2 AUWEE B
vl glov}, polysyrene beadsl 452 SLP7re] HlEo]d At
o] & AL Ho, A NS WUtk FHeEE th
FH-3 Aoz deiA 9tk 3 Masumura 5(182> RCM
7} Lactobacillus acidophilus group?+e] 435S vHlw 2 =23

K

oo ki
o rir

. . o 1
Adhesion to colonic mucin”
— ~
)

=]
L

0 10 20 30 40 50
TMB treatment time (min)

Fig. 3. Effects of TMB scintillation time on adhesive property in
colonic mucin-binding assay.

YAdhesion to colonic mucin was measured by colonic mucin-
binding assay and expressed as mean =+ SD of quadruplicate tests.
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Table 2. Screening of lactic acid bacteria with highly adhesive property to colonic mucosa

Strain name of lactic acid bacteria Protein (ug/mL) ™ eanfinglli?,g ggng[y:])so ) Rel ﬁ'g’ﬁ ggglirlg ;l nity?
Lactobacillus acidophilus |FO 3025 44.08 1.35+0.11 0.60+£0.05
Lactobacillus acidophilus 24343 0.62+0.18 152+0.45
Lactobacillus amylophilus KFRI 238 55.49 1.31+0.07 0.73£0.04
Lactobacillus casel KCTC 3109 101.75 1.30£0.18 1.32+0.18
Lactobacillus confusus KFRI 227 20.73 140+0.04 0.29+0.01
Lactobacillus delbrueckii KCTC 1047 3842 0.88+0.12 0.34+0.05
Lactobacillus fermentum ATCC 14931 42.00 1.38+0.06 0.58+0.03
Lactobacillus helveticus ATCC 8018 23411 1.05+0.22 2461051
Lactobacillus helveticus 156.61 0.94+0.06 1.47+0.09
Lactobacillus hilgardii KFRI 229 19.65 231+011 0.46+0.02
Lactobacillus pentosus KCTC 3120 57.80 1.95+0.07 1.13+0.04
Lactobacillus pentosus KCCM 35472 104.59 1.13+0.04 1.18+0.04
Lactobacillus plantarum KCTC 3099 106.00 0.83+0.03 0.88+0.04
Lactobacillus plantarum KCTC 3104 51.09 0.87+£0.18 0.44+0.09
Lactobacillus plantarum KCTC 3105 282.55 0.53+0.03 1.50+0.09
Lactobacillus plantarum KCTC 3108 16.80 0.68+0.06 0.11+0.01
Lactobacillus plantarum ATCC 14917 27.60 0.82+0.13 0.23+0.04
Lactobacillus species FSB-1 14357 254+0.08 3.64+0.12
Lactobacillus plantarum FSB-2 69.36 0.63+0.10 0.43+0.07
ML4 154.52 1.45+£0.05 2.25+0.07
Sreptococcus thermophilus 131.08 1.05+0.04 1.38+0.06
Sreptococcus thermophilus ATCC 14485 2254 0.99+0.10 0.22+0.02
Lactococcus garvieae KCTC 3772 181.44 155+0.11 2.82+0.19
Lactococcus lactis sp. lactis ATCC 7962 40.26 0.93+0.03 0.37+£0.01
Enterococcus cassdiflavus KCTC 3079 66.35 1.29+0.07 0.86+0.05
Enterococcus faecalis KCTC 2011 46.07 1.33+0.39 0.61+0.18
Pediococcus pentosaceus KFRI 833 3258 122+0.12 0.40+0.04
Bifidobacterium catenulatum KCTC 3358 69.17 0.74+0.06 051+0.04
Bifidobacteriuminfantis KCTC 3127 39.67 0.93+0.07 0.37+0.03
Bifidobacterium breve KCTC 3220 98.58 1.69+0.05 1.66+0.05
Bifidobacteriumlongum KCTC 3421 82.32 0.78+£0.10 0.64+0.08
Bifidobacterium bifidum KCTC 3357 68.30 1.19+0.30 0.81+0.20
B1 122.83 0.68+0.04 0.84+0.05
B8 208.30 1.20+£0.04 249+0.09
B18 65.20 1.17+0.06 0.77+£0.04
B21 50.40 1.14+0.01 0.58+0.01
B35 167.27 1.24+0.13 207021
B40 10954 153+£0.09 168+0.10
B49 169.47 141+0.05 2.39+£0.08
B51 128.32 0.91+0.04 117+0.05
B52 123.19 1.09+0.07 1.34+£0.09
B53 95.15 1.38+£0.05 1.32+0.04
B54 113.01 0.96+0.03 1.09+£0.03
B55 140.26 0.78+0.05 1.10£0.08
B58 75.00 1.92+0.07 1.44+0.05
B62 190.86 1.29+0.04 2.46+0.08
B64 13547 0.80+0.04 1.08+0.05
B66 60.40 0.87+0.03 0.53+0.02
B67 74.80 0.87+0.05 0.65*+0.04
B68 4350 0.99+0.04 043+0.02

YBinding affinity to mucin was measured by colonic mucin-binding assay and expressed as mean=+ SD of quadruplicate tests.
IRelative binding affinity = Protein (ug/mL) X Binding affinity/100.



964 k=2 Z 85| R] A 36 W Al 6 3 (2004)

sp7] glstel, & AE fAR PHS AAS ey, B
AR Ao 48] FAE AFS BT,

0

h& mucinofl chst Z4HE RiEFe| HEhs HI
Lactobacillus?;, Bifidobacteriumé;, Lactococcusss & 32%-9]
IATFFG AE 137 2 3H 9] fol oA EeEld Bifido-
bacterium& 0.2 FH == 1852 #+F 5, F 5059 Mk
FZ2 e 2, colonic mucn-binding assays ©]-&3te] A
mucinell thet A3sS SATOEM, A A2 v 2

o
T 50ug/mLelA mucinell thsle] AoidoR =& A
(binding affinity)S “EbH FAl+FF= Lactobacillus hilgaridii
KFRI 229, Lactobacillus species FSB-1, Bifidobacterium breve
KCTC 32207} 7z} 231, 254, 1692 =2 A4S HoFdt).
frol B9 2ajis Sl B4O, B49 ¥ B587F7t ZH2F 153,
141, 1922 Blw3 =& A4S Yl
a2 colonic mucinbinding assayoll 213 245 =4S
SLP F% 50pug/mLollA mucindl]l thdk AgHse] Blwolm=,
a3 wel el EAshe lectid T o] A4 shapo]
Be 7, A3eo] thah WHets AAH e g
02 5% F dv FARES 23 itk web SLP 54

( A)l) 4
—&— Lactococcus garvieae KCTC 3772
—O— Lactobacillus species FSB-1
—¥— Lactobacillus helveticus ATCC 8018
—— Lactobacillus acidophilus IFO 3025

2)

Adhesion to colonic mucin

4 6 8 10 12

=
~

SLP concentration (ug/mL)

®) 3

—e— B8
—O— B49
—v— B62
—<— Lactobacillus acidophilus IFO 3025

Adhesion to colonic mucin

4 6 8 10 12
SLP concentration (Lg/mL)

=
N

Fig. 4. A quantitative analysis of adhesive property to mucin by
lactic acid bacteria selected in first screening procedure.

Y(A) Type culture srains, (B) Isolated strains from infant feces.
2Adhesion to colonic mucin was measured by colonic mucin-
binding assay and expressed as mean = SD of quadruplicate tests.
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Fig. 5. Scanning electronic microphotograph (SEM) of the
isolate, Lactobacillus brevis FSB-1.
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Table 3. Comparison of morphological, physiological, and biochemical characteristics between strain FSB-1 and Lactobacillus brevis

Taxonomical factors

Lactobacillus species FSB-1

Lactobacillus brevis

Cél morphology
Shape rods rods
Cell size (um) 0.5-0.6%X3.0-5.0 0.7-1.0X2.0-4.0
Motility - -
Spore - -
Colony irregular, white, rough, raised center irregular, white, rough
Found in kimchi human feces
Gram staining + +
Culural characterigtics
Oxygen requirement facultative anaerobes facultative anaerobes
Growth at 5°C - -
15°C + +
45°C + +
Growthin 4.0 g/L NaCl + +
6.5g/L NaCl + +
8.0g/L NaCl - -
Physiological characteristics
CO, from glucose + +
Catalase - -
Arginase - +
Sugar fementation
Cellobiose - -
Trehadose - -
Mannitol - -
Sorhbitol - -
Arabinose - +
Lactose - d
Méelibiose + +
Raffinose - d
Xylose + d
Gaactose - d
Mannose - -
Ribose N.D. +
Sdicine - -
Saccharose - d
Rhamnose - -
Maltose + +
Fructose + +
Glucose + +
Esculine - d

+: positive reaction, -: negative reaction, N.D.: not determined, d: 11-89% strains positive.
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Table 4. Levelsof 16SrDNA sequence similarity for strain FSB-1 and type strains of some Lactobacillus species

Strain Accession No. Similarity (%) Nucleotide differences'compaired
Lactobacillus brevis ATCC 14869T M58810 98.50 12/799
Lactobacillus collinoides JICM 1123T AB005893 94.13 47/800
Lactobacillus pentosus JCM 1558T D79211 92.52 60/802
Lactobacillus paraplantarum DSM 10667T AJ306297 92.52 60/802
Lactobacillus plantarum JCM 1149T D79210 92.38 61/801
Lactobacillus vermiforme ATCC 13133 M59295 91.97 63/785
Lactobacillus hilgardii ATCC 8290T M58821 91.74 65/787
Lactobacillus buchneri ATCC 4005T M58811 91.63 65/777
Lactobacillus fructivorans DSM 20203T X76330 90.89 73/801
Lactobacillus mali ATCC 27053T M58824 89.78 80/783
Lactobacillus arizonensis NRRL B-14768T AF093757 89.67 82/794
Lactobacillus sanfranciscenss ATCC 27651T X76327 89.64 83/801
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