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Immunopotentiating Activities of Cellular Components of
Lactobacillus brevis FSB-1
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Abstract

In order to evaluate the potential utilization value as a novel probiotic strain, the immunopotentiating
activities of the cellular components from Lactobacillus brevis FSB-1 were examined. L. brevis FSB-1 isolated
from kimchi were fractionated into the whole cell, cell wall, cytosol and extracellular preparation, and each
fraction was examined on intestinal immune system modulating activity in vitro. The cell wall and cytosol
preparation showed the relatively high hone marrow cell proliferating activity through Peyer's patch cell in
a dose—dependent manner. But these preparations did not directly stimulate the bone marrow cell proliferation.
The whole cell, cell wall and cytosol preparation also induced considerable levels of macrophage activation
and mitogenicity of murine splenocytes in vitro. The anti-complementary activity (ITCHso) of the cytosol
fraction of L. brevis FSB-1 was the most potent in the cellular components, and the activity showed dose
dependency. The complement activation by the cytosol fraction of L. brevis FSB-1 occurs via both alternative
and classical pathways, which confirmed by the crossed immunoelectrophoresis using anti-human C3.
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L vl A Ee B AP oA AR ERE 2 g
FASt B T F2A, B Ao HAdHA 24
AHS-E Tk

MRS o} A ull 2] (Difco Co., USA) 300 mLol| L. brevis FSB-
19] A wioFd 1%5 HEZ F, 37°Cell A 4841 7F F3) &7
Aoz ufeFsloich vk HAE 100°Co A 1084 A2 s}
of TAE A A7) 6,000 rpmoll A 20871 1A E8] 3}
FAE gFsioc T AS YA AFE 33 AHgg £
ZFol derets, 283 #4)7)(Ultrasonic processor,
Sonics and Materials Inc., USA)& o] £3}0] 4°Col| A 587}
A x2H-g g4 ok 6,000 rpmell A 94 e8] sho] v g4
TAE AAsAE 45N A A 4°C, 25000 rpmell A 20
A A EeE st A5 AAER s, 42he A
F A # ¥ (cytosol fraction)® A EH & H(cell wall frac-
tion)- 22 3} vk gk wloFAd 5ol of) 4ul] R 9] of ¥F-2(A)
°F 151)-& H7hato] Abol A 3130 Sk Wk A7 & QA
et AAES et wiFAEAS wA F
(extracellular fraction) 2. & 3}gjch o] A doizl 7+ B
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slo] X ApA 7] B BR 2 Ao sle] 4AkS HEsla 2

ol B0} 9l Peyer’s patchE wolll o}-& 7% FBS(Sigma
Chemical Co., USA)E 53 RPMI 1640(Gibco BRL, USA)
8} 2 (RPMI 1640-FBS)7} & petri dishell #Z1t}. Patch$]ell
B E F454(00 mesh)E €8s 7 FA7]Y 25 BB
& o] 83}l AL b3 A7) 0 2 4] Peyer’'s patchZF-E] 4
EEWEARAY AZ dgd g D79 F454(200 mesh)

E o] 43t A=} o A3 F RPMI 1640-FBS vl = 2 4] 43}
Aok A4 F BURZ A EZSE 20x10° cells/mL7} 5
X2 43 ¥ microtiter plate(Becton Dickinson Lab.,
USA)ell 180 uL¥ #3t3 2+ Al 85 20 LA 573 oS,
37°C, 5% COq incubatorel] 4 5 7} vl ekgk F AL S -8 3j4
sto] AR SN FHS0E g

TH FFANEH 2A= FLFY vheA - WS
3 &, FA7] vlS o] 8-3Fo] RPMI 1640-FBS =]
W Lo ol ZHNEE Fdtdn) FFAEE S
o oizt o AjH etz AEFEE 25%10° cells/mLE *
A 8lod microtiter plateol] 100 pL4 #F3sch 2 & Pe-
yer's patch A £2} A 5 431 7] i of Ab 2N (LA 2}=)
T A8 £N=AHAF) 50 uLe RPMI 1640-FBS vj ]
50 pLE&- Z+ 7} plateel] 53+ )&, 37°C, 5% CO; incubator
AA 647t vl F3sdct E-AE FA A S4L Alamar
Blue™ assay'(22)0] ¢] 45 Atk &, T £ v F
2 1847 Al Alamar Blue™ 49 (Biosource Co., USA)
20 BLE A 7b3ke] wh-EA17l Fof], P2 FAEE ex-
citation 544 nm¢} emission 590 nmol| A & B4 7] (Lumi-
nescence spectrophotometer, Perkin Elmer Ltd., UK)& &
At FFAE ZA A A2 e A7 dlAl e A4
TE AT HzTet A8 Ao FFAEY FAES
vl st &43kg )
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otz 2 3R] 4435 272 Suzuki $(23)¢] s e A
A o 71l A vha: W 8 s)e] Alg-sbd o). &, ICR mouse
(657, -5-43)°l 5% thioglycollate(TG, Sigma Chemical Co.,
USA) wiA] 2 mLE F7el F418la, 39 F =9 273
Yl vtz 2 9}2] 5 RPMI 1640-FBS uli 2] & o] &-3}o] 3|43}
2 2~33) A syt 34T vta 2R S 1.0X10° cells/
mL7} 5 28 5 s A & o] §-3l] N ESE 2 F mi-
crotiter plateel] 200 WL #3849 37°C, 5% CO; incubator
oA 2217k 53t vl o3t Al EE well Tl ¥2AZch
F-AE R ¢S o2 vtz 2 3x] & RPMI 1640-FBS vl #]
£ o]l &3lo] Al A stz T =] 180 iL B #3319 v} o 7]
of Zt %W A8 20 iLE 538 F, 37°C, 5% CO- incu-
batorel| 41 244 7k <t vl oF3l o o} vl of o - AbS-o -8 A 7
g % RPMI 1640-FBS vl =] 2 A & 5}9) .29, 7 wellel] 0.1
% Triton X-100(Sigma Chemical Co., USA)-S 25 uL®
Falo] AL LA vtz 2Ry felE lyso-
somal phosphatase®] ¥4 &2-& 9)3, 7144l p-NPP(p-
nitrophenylphosphate, 1 mg/mL of 0.025 M citrate buffer,
pH 5.0, Sigma Chemical Co., USA) 200 uL& %33} 37°C,
5% CQO; incubatorel| 4] 158 Z4} wk-g-A 5} v % 02
M borate buffer(pH 9.8) 50 ULE- o] WA A 71 & Micro-
titer Reader(Molecular Devices, USA)E ©)-%38}4y 405 nm
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Splenocyte mitogen

ICR mouse(65%, & é)% 'V}/‘] Zl —‘?* HVJ% 2 &3}
RPMI 1640-FBS s =}~ }%ﬂ
719} a5-upo et shed 2 g 100 2 200 mesh "—’%
alo] wha) B 33545 ”‘4*1‘6}04 v A E NS Gt o] AE
of & A el 834 (0.2% NaCl £, 3 mLE 2F 2027t A
2))-& ol 4-8ted 4 FF 2 AT oh, RPMI 1640-FBS uj
A2 2<33) AHE F A 2571 50x10° cells/mLrt HES
2R3t} o] AZH-E microtiter plateel] 90 uL# ¥5-3}
3 ZF A1 35 10 uLA A r)ste] 37°C, CO: incubatorel A 34
ol uekalgich vl A =3 FAAEE MTTH 24+
ol &35le] =A sttt = 7zt well2] A Zulj ok ofl Y A}k
MTT (Methylthiazoletetrazolium, Sigma Chemical Co., USA)
2o 50 uLE A 7}sted CO; incubatoroll 4 54 7t EoF wlj oF
st} B4 8 MTT-formazan A 5& 38 3 004 N
HC/isopropanol( A} 2F 1) 100 L& o]-&-3}o] 2§} &3] A
71 t}2 Microtiter Reader(Molecular Devices, USA)E- o]
£3}e] 570 nmel A FF=F FA A

HAA gMsts £

& 1 4 A2 Kabat® Mayer (25)ol] &3}, A 24|
o5 BAlZ AR F 22t Ao o3 YT £
Aol ZAE F complement fixation testd o]-&3}o] 5
Atk Z, FArqlel A3 500 pM Ca™’, 2 mM Mg o)
393 gelatin veronal buffered saline(GVB"™" buffer, pH
74, RN BEAAZATL) Y A EE 747 50 uLy £8
8}e3 37 °Coll A 3087+ 13} - A7) & o uk-g-lo) GVB™
buffer2 350 pL.® A7}t o] 2 10~160u)7}A] &d4:3}e]
3 A8t} od7]o| GVB™ buffer 750 uL2} FE (Komed,
Co., Ltd., Korea)® hemolysin(Sigma Chemical Co., USA)
o2 Az= okl a8 F(IgM-sensitized sheep eryth-
rocyte, EA Cell, 1x10% cells/mL)& 27} 250 uL4 7}s}od
37°Cell A 1A17F F<k k-2 A7) 37 4°C2] phosphate buffered
saline(PBS) 2.5 mLE 7}3ted uk-2-& A=} A 7o}, 7} uk-g-H4
S 4°C, 2,500 rpmoll A 1087 YAl 2 alete] A& ASYE
Microtiter Reader(Molecular Devices, USA)E ©] &3}
412 nmell A F3F 22 Aot A FA-L50% FR
A48 o)) 3t A %) &I TCHsp, inhibition of 50% total com~
plement hemolysis)Z viebuisich.

A g45t 22 HE

BAA 843 BAA B3 H2E A7) 9] 3t
GVB™ buffer(classical ¥ alternative pathway 7-$), GVB"
ol A Ca™ wt-g& Adate] A A3}~ 98] 2 mM MgCle 2 10
mM EGTA”} &-6-51 Mg -EGTA-GVB ™~ buffer(alternative
pathway 73-%), 28] 32 F50]-22 25 Al A317] 4131 10
mM EDTA”} &5 EDTA-GVB ™ bufferel]l Al & 2 44
qle] A& zhzt A s, A7) v o] TR A8

AR S AT A5 HAA G5 FEE W]
A &35t
224 A9 A7) 9% (Crossed Immunoelectorphoresis)
: GVB'™ buffer(classical @ alternative pathway 7-$-), Mg'"-
EGTA-GVB ™ buffer(alternative pathway 74-%-), EDTA-
GVB™ buffer(lectin pathway -l Zt7+ AA3<19] dA
s} Al 25 E3hsta 37°Cell A 3087k uk-8-A1 21 ¥, pH 8.62]
barbital buffer(ionic strength, 0.025)% A}-8-3}e] ZAg 1%
agarose gelol A 17} A7) 58 A A3 vH3 mA/cm).
o} & 05%< anti-human C3 serum(Sigma Chemical Co.,
USA)e] &4 1% agarose gel’dell A 2F 1547 &2k 23
719 5E AAEGHI mA/cm). ANE gel bromo-
phenol blue(Sigma Chemical Co., USA) 2 44 A1 A & A 2}
uk2-ste] YA A AAFo2A C39 Ea4HEE

2l 55 tH26).
EAX2]
AR AL FFgESDE Vrebgl 1, Student t-testE
ol &3te] EA A28 I p<0.05 FFNA FAe AA s}
sl
Znt 4 oF

TMZ SAlof| ot FHA 2o

L. brevis FSB-19l14 #8]3 A A, Az9, Ax4 2
FA 9 FEL PO E Peyer's patch A ZE v/l = &
FAEZY FAEE 2AFoRA AAHR B4YL &3}
sith 2 A3 Fig. 1-Ac)) viehd upe} 7] RE FFolA
FA7F ol vis] AR £ G Bolen, 5
8 AlEE s A2 F R oF 30%0) 4 FrHE B4R
Svehslch 2y ol FAS oA HETU LPSE T
%K—]H]—X—] k=S 1;-,9. :%]-/Ho] 1:]- Fr= 12]— alg_}_z}ﬁ]i
A v % BEZ TS 2Este] 54 Yol 9l ZE HEA
So) Y ATAEANA A 2 23EE 24, o
AELo] AL ¢83le 74F AANSS stz

A E '?/54—3— B A o glo] vl F o
& ATh27-29). vt B Aol AL-g-1 ZA
/‘J' Pever’s patch Bl oF AH5-of
822 Peyer’s patch 8 &F A5 ol
FRAEE FAAA 7HeAel v wekA
Pl A e FeAze FA ] Al 8rt AA 288
of vpebut Asp(A A 2F)1A] s 2 ol EA S Pe-
yer’s patch A 2] BA13}e]] 7113 ZHH A FFAE F
A8t A= & galst At stgivh o1 23 Fig. 1-Bel| vhe}
1t ule} zko] Peyer’s patch Al £E ) 7H§ & €4 Fig. 1-A
Bt AA TFAZE AT A7 S EAHE B oA,
E3] RE A8 B T} Hxduc G A g o
ebyich, o) el qt A Z5E] L brevis FSB-1] 2t #4144 &
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Fig. 1. Comparison of A) Peyer’s patch-mediated effect and
B) direct effect of the cellular components of Lactobacillus
brevts FSB-1 on bone marrow cell proliferation.

YA) After Peyer’s patch cells was incubated with the sample, the
resulting supernatant was incubated with bone marrow cells, B)
The sample was directly incubated With bone marrow cells with-
out reaction with Peyer's patch cells. LPS lipopolysaccharides
from Escherichia coli 0127:B8 was used as a positive control.
3)*p<0 05; Significant difference between control (saline only) and
sample.
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o2 f-Aket A2 A Yasui®t Ohwaki(30)= §-4HF] 4%
Q1 Bifidobacterium breve?] A E 8-S Hr}gl oA
%2 Peyer’s patch 4| %2 Z410] o] ‘X«}‘:}J— Haslg e
™, Shin £(31)-& Bifidobacterium bifidum SL 219 A%
® A E-o] Peyer's patch®] HZ7& F}A ATy B
ahgl et

o3 2ax| #dsks

st 2R AN Z o) B4 (A WA E F)o] A g)st
A& W )5S 270l v FelHor AAXTE GAAE

24, A E oA dedd 23 93-S Gt A E
2 dex gler, & (inflammation) o) v} ZoF x| Abat
&-(tumoricidal effect) % thFgt 7154 $aqstw it 1
2H 3 gIek(14). x3 vlta s e 94 9 B
(processing)dle] 7. A R-E A}A1 Q) A ZE oo 33 g A
(presentation)3 224 T Y T o] )3 HA2-2 S35}
o] A HAA I} A5 5 QEE ) L effector cell
2 25 8cH28,32). L. brevis FSB-1 74 23888 At
2= ntaedx] 8455 HES A, AFA, AEy g
Axd 885 15 10 ng/mLY FE2 A2 FolA gz
THoL 2 @49 FUpr) 2= A Fig. 2). o) AR
7 Ay 2 AR 42{R LPSY Aol & v]Hx] =
St Ao AT, B FF9) thdt FAA Ho] tta Rz
Z AEste] 8AFAAS & = ek 3 FAY YR
stz sba] B4 stel A9 o 3Fe F2) Eate Aoz el
Wt B Al As)el = o2 2wk Kitazawa 5(12)3 Uemura
(132 Lactobacillus delbrueckii ssp. bulgaricus OLL
1073R-12] A%, o] o] AAtsl= F A9 tigdo] ulzz g}
28] 7)5& g7 2, B3] o) & FFoll 98 A4HH phos-
phopolysaccharide”} 844 2] £ 0)m, o] & % phosphate
group®] vkZ R3] 7% Aol F8.8 IS FFgic
B3]k v} gl
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Fig. 2. Macrophage-stimualting activities of the cellular
components of Lactobacillus brevis FSB-1.

TG-elicited macrophages were cultured with each cellular com-
ponent and control. VThe macrophage-stimulating activity was
measured by lysosomal phosphatase actmty, and expressed as
mean*SD of quadruplicate cultures. LPS lipopolysaccharides
from Escherichia coli O127:B8 was used as a positive control.
¥ *p<0.05; Significant difference between control (saline only) and
sample.
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FBS-19] 7} # 44 Eof o3} splenocyte mitogen 4 2
A A AFA, AEY g A2 A FAH 2
ol BlE) oF 150~250%2 F& €4 St HaEAE A
3] o5 78 AL ARy vl gdAe] Eolx|=
TE EA] A S B FUrHFig. 3). I AN ¥
o} A§, vha s &43) 7% {-A18HA mitogen 43
= A9 gl ALE eyt

B A= Avg AR Lactobacillus delbrueckii ssp.
bulgaricus®| 7%, o1 5ol AAtst wA 9] 4bAd ciwdal phos-
phopolysaccharide7} v A3 Z309] Z=4)8
phopolysaccharide7t 21 4l B-cell dependent mitogen-2-
2 28319, 1 F phosphate”]) 7} 8.3 Q&S @33}
© A3 2Ed vkx odohal).

gk Wright 5(34)-8 Lactobacillus rhamnosus GG ATCC

$ X3} 1 phos-

0.4

2) NS 100 pg/mL
10 pg/mL

Absorbance
o °
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Fig. 3. Splenocyte mitogenic activities of the cellular com-
ponents of Lactobacillus brevis FSB-1.

Splenocytes were cultured with each cellular component and con-
trol. l)Splenocyte mitogenic activity was measured by MTT assay
as described in ‘Materials and Methods’ and expressed as meant
SD of quadruplicate cultures. 2)LPS, lipopolysaccharides from Esch—
erichia coli O127:B8 was used as a positive control. **p<0.05; Sig-
nificant difference between control (saline only) and sample.

Fe -0l &

53103 moused) viable probiotics®4 %38 Az T-9}
B-cell mitogenesis& #AMA 7ot ¥ 38 v} gl o Kit-
azawa 5-(35)& Lactobacillus delbrueckii ssp. bulgaricus
NIAI B6-2- splenic B cells& f X% < 9]+ oligonucleotide
& 7HA 3 9lei A, vl AE B33 S gl BuElgdn)
o) AR+ F L brevis FBS-12] ©19 34 & &4 314
of ozt A7 FRAL A7isid

SHHA 2d8ts
L brevis FSB-18] 7+ d-A\ A4 £ d1g A A A 35
ZA &k A=, FAl9 HES A’ 7t 21'5*:91 74-%- 1,000
ug/mL F =4 TTCHso, 100962] =3 f& B AA ZA
3154 B9t (Table 1). o} & BA 7%]31 B g Qat=
g glon, B Al °““H;:fL B2 AL 8y
Al(Coliolus versicolar, %)) 7192 Polysaccharide-K
(PSK) Rt £& Aot B3] Az 89 A% 100
ng/mLe] Ao A% oF 69%2] 38 A A 5-g el
WeZH 7P =& BAA 4354 Ryt weli o &
N EA F ol tigle] T F7be] @& nAA 48 A =
243 A dAA o] TR oEH T ZIEe A
< 2qvk w3 A EA 8 E 500 pg/mLe) FEAM = 100%
9 3R A A3 vgon kA RT-e PSK 500 ng/
mLe} A ZE2 38 100 ug/mLN A w523 38 A A 5l5

2 el e 24 L brevis FSB-19] Al %4 388 8 A A
o] 3 gAY AR #FAY = i)

g H Kim $(15)& Lactobacillus plantarum®) 73-5-, A F.
A HFuoe A2 FEdA Feldh o] =& 2AA
435S v Bad vl gl B Age Apg-g
L brevis FSB-12] A-$-, Al 24 B E o4 Hrl ok5gl A

< Boly At AHE ekl
BHHA M5 Az HE
BAAE C1~CoY &4 duAs) 24 xg F3hsbe]
ok 2001 %9 B ¢ UL ER FA R Yod, o3
4 LA 5 AdAAE FA L] EA E= BEA S ]

Table 1. Anti-complementary activities of the cellular components of Lactobacilius brevis FSB-1

g ) Concentration Anti-complementary Samples Concentration Anti-complementary
amples (ng/mL) activity! (I'TCHso, %) ~amp (pg/mL) activity (ITCHso, %)
1,000 100.0£0.07 1,000 1000+00
Whole cell Fr. 100 01%29
+ 500 100.0£6.0
Cell wall Fr. 1(1)88 1(1)(1)8128
SN . 100 69.3+19
Cotosal Fr 1,000 100.0+0.0 Cytosol Fr
ytosol rr. 100 69.1 4.0 50 254+23
1,000 61935
Extracelluar Fr. 100 281417 ) 10 0.0+0.0
1,000 99.2*t119
2) -+ ’
PSK 1,000 99.2t11.9 PSK 500 162414

DThe anti-complementary activity was expressed as the inhibition of 50% total complement hemolysis by Mayer’'s method.
Q)Polysaccharide*K (PSK), a known immuno—-active polysaccharide from Coliolus versicolar was used as a positive control.
¥The data were expressed as meantSD of three separate experiments.
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Bolgd oz A7 st BAe) F9 ureyr|Folth36). B A
A7F 233 =9 A5 cascadert-g-ol) 9 3ed 1A v
Ho] &4 Btz rEHELL, o] 5ol FAilze] wrleof B3
o] HF3 22 MAC(membrane attack complex) S 3 A
atod zhd HUA 58 AASE Aoz delA k3. =
T BA A3 Ay F A EE o Jiiﬂ THAES
Ak AR g8 A 9lon, B3 npz Rz 9
lymphocyte®] &4 3, 4937} 53} 24 AAA3A 7}
oty M x5 Qleh37). BAA A Ags e =g
Al €39 sy ol we} FEHRTH36). & clas-
sical pathwayw " EGA 24 slol] Clgh Eo] 9
CHx(IgG)vt CHy(IgM) 3¢l Aoz /A, o
F-off Clr, ClsEo] Ca”" &4 3}ol] Clars B34S g A 3},
C4, C29} ¥F-g-31o] C4bo} C2as & A17) 2 Mg 241 3]
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Fig. 5. Crossed immunoelectrophoretic patterns of C3 converted by cytosol fraction of Lactobacillus brevis FSB-1.

Normal human serum was incubated without (A) or with the samples in GVRB"

(B), Mg -EGTA-GVB™ (C) and EDTA-GVB™ (D)

at 37°C for 30 min. The sera were then subjected to immunoelectrophoresis using anti-human C3 antibody to locate C3 cleavage products.

The anode is to the left.
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