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The immune enhancing effects and characteristics of Bifidobacterium
longum and Bifidobacterium breve for the probiotic use in humans and

animals

Ho-Eun Park, Hyun-Bum Um, Wan-Kyu Lee*

Laboratory of Bacteriology College of Veterinary Medicine Chungbuk National University , Cheongju 28644, Korea

The purpose of this study was to investigate probiotic char-
acteristics and immune enhancing effects of Bifidobacterium
(B.) longum KBB1-26 and BIF-4, B. breve KBB5-22 isolated
from human intestine for probiotic use in humans and
animals. We measured acid, bile and heat tolerance, antimi-
crobial activity against pathogenic bacteria, Escherichia (E.)
coli, Salmonella (S.) Enteritidis, Staphylococcus (S.) aureus,
and Listeria (L.) monocytogenes. Inmune enhancing effects
of B. longum and B. breve were investigated by measuring
nitric oxide (NO), nuclear factor (NF—xb), interleukin-163
(IL-18), interleukin-6 (IL-6), interleukin-12 (IL-12) and tu-
mor necrosis factor- a (TNF- o) in RAW 264.7 cells or RAW
BLUE cells. B. longum KBB1-26 was survived at pH 2.0. B.
longum KBB1-26 and BIF-4, B. breve KBBS5-22 also showed
tolerance to 0.3% of oxgall bile salt. B. longum KBB1-26
was able to survive at 70 C and 80 T for 20 min. KBB1-26
showed the antimicrobial inhibition zone to pathogenic bac-
teria such as E. coli (12 mm), S. Enteritidis (14 mm), S. au-
reus (14 mm) and L. monocytogenes (41 mm). The produc-
tion of NO (4.5 £ 0.00pM/mL) and IL-1p (39.7 + 0.55pg/mL)
of KBB1-26 significantly higher than BIF-4 and KBB5-22,
respectively. In addition, KBB1-26 and KBB5-22 induce the
production of high level of TNF-a and IL-6 in macrophages.
Collectively, B. longum KBB1-26 have acid, bile, heat toler-
ance, antimicrobial activity and immune enhancing effects.
These results suggest that KBB1-26 can be used as probiot-
ics for humans and animals.
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& st AW FE5 $5(0.3%) 9 oxgalle]
A ol A A g 5 Q= U4 7HA AL Qlofof sttt [12].
ol g} Z2 A wTol WAl 52 Ak Al FF2] Uiak
A UgEA Aol Jastth 2E AAA Y = HE 5
A O R = invitro Z7 0N AT A WA Ful o
o] AFE oJASH= Aolth o] F9] fFallat AV A2 /7]
A (243} 2121 | hydrogen peroxide, B 2] @413} -2
S EA 0 Ak A du M FAAS FA o] g
e Aow a4 duH13].

A AlE QAANES SAAA FEG AR Way
2 SHA7I= a0l Stk dAEE A e A
28 A wAY Fad s shE EAAER lipo-

teichoic acid(LTA), lipopolysaccharides(LPS), nitric
oxide (NO), interleukin—18 (IL—18), interleukin—6
(IL—6), interleukin—12(IL-12) Sl <& 2/d3ts
ot A A EZ7E $15-9] Aol Al s H Al o) &
et dSHEdAd TNF-e, IL-18 % IL-6%
& cytokines “J4d 3t inducible nitric oxide synthase
(iNOS) 9} cyclooxygenase=2(COX—-2)° #4& AH
NOE Adstri[12]. o]4dA A NOE wre|gots} &
ko] QS JAFAY A ASHE T o] TS Tyt
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& A8k, YA EZNE F0[EAY AE de] &4
oA EnEe] AT FAA M DS oJAs
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A A Z L] &8 7heAo] % okl Aot} o] st 5
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Materials and Methods
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1.0x 107 CFU/mL7} H X% HFsttt. 349 Akt
55 70T, 80Cel 7 5, 10, 15, 2083+ =&A171 & BL
agar HIA|ollA] 37°C, 48A1ZF 52k wieFstalt. 7] A<
o d Ayl & FA4H He 52 zbolE Flste] YdA of
5 g skaioh[20].

olls Al
A+t JA TS A1 93] Flemming 5ol 28l
T ¥ agar spot assays W3] ARSI TH20]. Agar

Zone of inhibition (mm)

Strains . Salmonella Staphylococcus Listeria
E. coli L
Enteritidis aureus monocytogenes
Bifidobacterium longum KBB1-26 12 14 14 41
Bifidobacterium longum BIF-4 13 15 15 42
Bifidobacterium breve KBB5-22 17 17 15 40




Immune enhancing effects and characteristic of B. longum and B. breve 67

spot assay? WO 2= Escherichia coli KCTC 1682,
Salmonella Enteritidis KCCM 12021, Staphylococcus aureus
KCTC 1621, Listeria monocytogenes KCTC 3569 55 A}
&3F3th. 7 WA+-& 10mL Brain heart infusion broth
(BBL, USA)el HE3t & 37CelA 24713 s7]w s}
Sith. BL agartl Aol wl%F¥  Bifidobacterium (KBB1—26,
BIF-4 12131 KBB5—-22)& 2 L 5% 3to] spoto] HA =
L5 37°ColA 2443 A7kt wieF $- 2 agarol
7ml BHI agar(0.7%) <34 W¥H+S pouringste] 37T
oA 24A17F FI1ai e § AAFS S8 Spot 7
Ao P gA AH e mmAH = S 5te] F AT
AAY=E B7FsklTh(21].

Heat-killed g&4t=2 =H|

A o] AFE-3F f-A4HF (KBB1—-26, BIF—4, 21831 KBB5
—22)E% BL brothellA 37C, 17A17F E7]18]F3 & BL
agar MAE o] g3ste] 55 ST wgd AAE
12,000rpmell A 102 1+ g ste] S92 WeEa o
A 7S phosphate buffered saline (PBS; pH7.2) &.& A&
stk A12 ¥ PBS® 1.0 X 10® CFU/mL #5= 3438}
3L 110°Col A 153 3 dA2lste] fabd& APEAIA WY
2 S AN EE AR U 22].

MIZEHH

Dulbecco’s modified Eagles’s medium (DMEM; Hy—
Clone, USA) ®i#lel 10% FBS(Gibco, USA), 1%
Penicillin/Streptomycin (Gibco, USA)< 7}8le] 37T
water bathell 23 A 30% A% R2353th RAW 264.7
M E2 RAW BLUE Al£5F%5 5.0 X 10° cell/mL7}F ¥ ==
12 well pate°l] #53 3 heat—killed cellS % &3} 48h
Hj kst ok, wjek 3 A9 900 £ LE 3 <F8ke] NO, NF -
kB 9 cytokined %% 247 Z43s3th[22].

NO =™

NO9] &%+ Griess reagent(Promega, USA) & ©] €3}
of S5t Wik AJF 50 ¢ L& nitrite standard(0—
100 #M sodium nitrite) & 96—well platee] &F38 &,
1% sulfanilamide”} g% 5% phosphoric acid 50 ¢ L%}
0.1% N-—1-—naphthyl ethylenediamine dihydrochloride
504 LE TFOE 4lo] ZF wellel EFako] A&o] oo
A 10E3E A ST Hhgo] 9 F 540nmeolA F3 %
= A5k =43 35 S standard =4S 9]

A

#3 NO®| 552 AMatgtH22].

NF-«B =X

FAT 52 NF— ¢ B pathway 4334 =5 &215}7]
$J3ko] secreted alkaline phosphatase reporter gene®|
QFd A © & transfection® RAW BLUE cells (InvivoGen,
USA) & AHg-3F3ith. RAW BLUE cells& 96—well—plate
o] 7} welld 5.0 X 10° cell/mL7} H &% 53 % 1.0
108 CFU/mL =% 95+ heat—killed f4F 100 pL
H7rsto] mjeFetoith. 48A1%F ek 3 A5 20 «Le}

m X

QUANTI-Blue (InvivoGen, USA) A]¢k 180 £ L= 37Cel
A 153E%E P el A HEgAIFTE BE A EE 33 RER O R
620 nm gl gk [23].

Cytokine =&

TNF—@a, [L—-18,1L-6 282 IL.—12%} &2 cytokine
§XE ELISA kit (BD, USA) & ol&3to] FAaklrh. 24
cytokine 2] capture antibody”} coating® 96—well—plate
of B]5o]Al RkE-& oAat”] 98] 1417H5 <t Blocking
218 ATt PlateE washing?t 3, 54 sample
(KBB1-26, BIF-4 12]1 KBB5-22) % standard$-<!
S ZF wellell 200 L4 &53ke] Ao 2A17F wlFs)
At Washing= A Al g & detection antibody & 7+ well
of #Fatel 1A13F &k WhEA71aL, 7§ Avidin—HRP
5 30RF AolA WA ZTh wpxuto® gl A]okS]
Teteramethylbenzidine (TMB) & ¢talell A 154 WFE-A]
713, 50 #L H,SO, stop solution & ¥-&& F
Hkg-o] 9 plated 304 olulell 450nmelr FHEE 2
Aatelth. 53¢t FYE 7S standard EE3HA S

o Alxtataiet22].

SHEA 2 Fo4d HH

ZA12 2] SPSS (Window ver. 12.0; SPSS, USA) £ o]
gk om 1E7ke] {94 A2 ANOVASC Duncan’s
testsE AHE-3FITH(p<0.05).

Results
WHArY & LHEEA Hilt

Bifidobacterium 7752 WAMY 2 Ug54d HAA A3 &
Fig. 1ol Yebdek. A8 23 pH 2914 B. longum KBB1—
260] A&t M 45 WS JERUQLTE B. breve
KBB5-227 7 pH 4°4 A&EsE lo] =it (Fig
1A). WE54 238 23 B longum KBB1—-263 BIF—4, B.
breve KBB5—22 2.5 0.3% Oxgallell A AE38ke] d+54
S AU Ao #lH th(Fig 1B).

2677 Rk

oF S 1399, B longum BIF—4:i=
BE 270A o

q
o
A& HolA etk (Fig. 2)

g8 AdHls

Bifidobacterium 5% WA A5 AFAE Table
1ol Yeb Tt Bifidobacterium 315 E5F E. coli KCTC
1682, Salmonella Enteritidis KCCM 12021, Staphylococcus
aureus KCTC 1621, Listeria monocytogenes KCTC 3569¢]
il vl=e FA R P el 58] 39 B
7 Listeria monocytogenes®| tato], 71 & WAt A
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NO % NF-<b 2 =0l

dA g sto] APEAIZ AT TES] NO B8 5= %Zéffi
A3}, B. longum KBB1—26(4.5 £ 0.00 £ M/mL) ©| B. long-
um BIF—4 (1.8 = 0.07 #M/mL) €} B. breve KBB5— 22(4 1
+ 0.02xM/mL) #FET FH 0% 2 £ NOE
Agﬂ o]—O% ",]o%p]. NO/\g/H al:_E o]_,L; 710 g §]—o] 5]041:]_
NF—« f B34S STITZ 54 23, B breve KBB5—
22(0.361 = 0.01)7F 7V =2 A4S BT} B longum
KBB1-26(0.267 * O.Ol#M/mL)JJr B. longum BIF—4
(0.423 £ 0.02M/mL) X3St NF- B 84& =2 F
ToZ fFratelth (Fig. 3).
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Fig. 1. Acid and bile-salt tolerance of Bifidobacterium spp. A
Acid; B bile-salt tolerance of KBB1-26, BIF-4 and KBB5-22.
Freshly prepared lactic acid bacteria were inoculated of the so-
dium phosphate buffer from pH2 to pH7 and 0.3% (w/v) oxgall
broth. KBB1-26; Bifidobacterium longum KBB1-26, BIF-4;
Bifidobacterium longum BIF-4, KBBS5-22; Bifidobacterium
breve KBB5-22.

%= B. longum KBB1-26(3746.4 * 167.33 pg/mL) ¥} B.
breve KBB5—22(3971.0 = 131.49 pg/mL) 7} B. longum
BIF-4(2865.9 = 103.69 £M/mL) Rt} fFo8oz 57}
st FElE B Fig 4A). =3 B longum KBB1-26 o
FE 9.7 £ 055 pg/mLE F& IL-185 A3t B
breve KBB5—22(36.5 = 1.26 pg/mL) 2} B. longum BIF—
4(6.6 * 1.45 pg/mL) Xt} F2olZQl #olE HATH(Fig
4B). IL—6 574 A¥ellM = 3387 BF Fo A o= nlsze)
A TL-6% A5t (Fig. 4C). v Z TL-12 574
A}, B. longum KBB1-26(4.8 = 0.09 pg/mL) ¥} B. breve
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Fig. 2. Heat tolerance of Bifidobacterium spp. A KBB1-26; B
BIF-4 and C KBB5-22. Freshly prepared lactic acid bacteria
were inoculated of broth and exposed in 70°C and 80C for 5,
10, 15, 20 minute. KBB1-26; Bifidobacterium longum KBB1-
26, BIF-4; Bifidobacterium longum BIF-4, KBB5-22; Bifido-
bacterium breve KBB5-22.
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KBB5-22(4.8 * 0.30 pg/mL)°| B. longum BIF—4(1.48
+ 017 M/mL)BtF FoH 07 [L-12 BAFFS =9
t}(Fig. 4D).
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Fig. 3. Effect of KBB1-26, BIF-4 and KBB5-22 on cytokines in
RAW 264.7 cell. Production of A NO B NF-kB in RAW 264.7
cells. RAW 264.7 cells (5 x 10° cells/mL) were cultured with
probiotic cells for 48h. Culture supernatants were collected and
analyzed for cytokine induction. NC, negative control; PC100,
LPS at 100 ng/mL; PC500, LPS at 500 ng/mL; PC1000, LPS
at 1000 ng/mL; KBB1-26, Bifidobacterium longum KBB1-26
at 1 x 10* CFU/mL; BIF-4, Bifidobacterium longum BIF-4 at
1 x 10® CFU/mL; KBB5-22, Bifidobacterium breve KBB5-22
at 1 x 10® CFU/mL. Different superscript letters (a, b, c, d, e,
and f) indicate statistical differences as determined by ANOVA
(p<0.05).
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Fig. 4 Effect of KBB1-26, BIF-4 and KBB5-22 on cytokines in
RAW 264.7 cell. Production of A TNF-a; B IL-1B; C IL-6; D
IL-12 in RAW 264.7 cells. RAW 264.7 cells (5 x 10° cells/mL)
were cultured with probiotic cells for 48h. Culture supernatants
were collected and analyzed for cytokine induction. NC, nega-
tive control; PC100, LPS at 100 ng/mL; PC500, LPS at 500 ng/
mL; PC1000, LPS at 1000 ng/mL; KBB1-26, Bifidobacterium
longum KBB1-26 at 1 x 108 CFU/mL; BIF-4, Bifidobacterium
longum BIF-4 at 1 x 108 CFU/mL; KBB5-22, Bifidobacterium
breve KBB5-22 at 1 x 108 CFU/mL. Different superscript let-
ters (a, b, ¢, d, e, and f) indicate statistical differences as deter-
mined by ANOVA (p<0.05)
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Qlstr] g8 WA, g5, ddd, a4 JAls 2L ¥
gy gl 93k NO % cytokines 18|12 NF—-«B 54
A8 S A3 Probioticse AT 2 Fo]Ho] £35S
AR R, §] o] B pHellA A& &= Q= WAk, &

9

Fue) | DLZ o A@ah= e & ZE5ofof st 7Fa Al
Aol A F Ade g, Angow Fokre FgAA
o tiet AT e7dT[11]. WA 23 43 B, longum
KBB1-26¢] pH 2614 A&3te] %2 WA S Bl
21 B. longum KBB1—263} BIF—4% pH 44 Oyé*é
Holthr} pH3HEl AEsHA] atkqlth ol el sk ujakd A
= Matosumoto 59 AH 119} §-AS A5 el =1
Matosumoto & W= B. lactis®} B. animalis?} pH 3—5
oAl 3AXFEQE & AEH S Hol 7 b Aolqla, B
longum X B. breve:= pH 3FE w2 ”‘szﬁi 2 HAH[24]

o H

[%

T3 BE 75 0.3% Oxgall ol $53F EF5AS 1w
ATt whEhA 2 Ao A AL %*HL%—;—% ke e
whe pHAl A AES = 9l o ZIleA ) E = Bl o

F e AYE Ao w g o] g 22 A= Ryu

5% Lins 9 A7-olA AME-St 2= Bifidobacterium <5 M3t

©] 0.3% oxgallollA] &S AFA e FAFskeE[20, 25].
Tk A Al B. longum KBB1-26°] 70T, 80Cel
A 203F AES] B2 WIS A Ao FRlE T
B. breve KBB5—223= 70 ColA 583 &8kl KBB1-26
TR B ydAd ol 1 Ut Ding 52 A-olA
Lactobacillus, Bifidobacterium % 8352 WddS nla st

A, 65CeA 300l AHREASH oF-iEe] 2 60%
Rh AEsI T 26]. ¥ ATl A KBB1-264F+= 70Cell
A 20 AT § N 50%4 = AEste] e AT = v
Wkl W e WIS T e AgztE o]
o} 2 AM=E Rol MHHE Bifidobacterium % KBB1—-26
o] Probiotics 29| &&7lsA0] 71 =& AS AT 4
AAQT}. E. coli KCTC 1682, Salmonella Enteritidis KCCM
12021, Staphylococcus aureus KCTC 1621, Listeria monocy-
togenes KCTC 3569, 4& 72 WHatel vt §dv A5
% S Ay AR 33T B5F gt dis oA &4

< YERASIE. El-kholy 53 Sarinena 52 Oﬂ:rLC’ﬂ/ﬂ

B. longum-e X3rst oY 7HA] fAbt =52 Wt o A5
glst A g7l 11-17mm € 4% ‘?—.qzﬂﬂol
=01 #astdnh B3 17mmE 9 A5 58 e
e 2 Ao® Hubskoit) [27,28]. & AT E 37T
E-':r 2E Aol didl 11mmel’de] oA 8-S A

O% & HAdT A E s A o® Hojxin

ole g AT AT oA ATATE 3} FAFS, AnEA O
= Bifidobacterium-e E3oF B2 AAiko] §7]14F hydro—
gen peroxide, bacteriocin?} Z& FAAEA S A 9 A
I A AL FA B AT S AAlstE 58S AL
okar e A 9wk 20,29,30].

FHZol frab e B folg gelE 98 el WY
715 Zstel digh #Alo] obA AL Sk 58] frakato] o
A 2E A=ste] G4 s B A
ab, BESFEA, AN T4 V5L
of T3 s dvh= thre Bak Qioh[31]. ¥ ATt
o4+ heat—killed A& 3t At 5E2 NO, NF-«B 3
cytokine (TNF—«, IL-14,IL-6 1g]1 IL-12) 2] A4

e Zgstenh AN B FAES ABel A ol f

£ favitol AgstmA ALe e WRel L2 Q1% o)

AAEL] FEE YA o] FE FEAAE A A
o

7 dle AEd S o F e ZHol ;J7] ool vk [32].
A3 43, KBB1-262 v faldF5 Huh & F5
9] NO, IL-18% A3ttt 47494 w2 ATEIME
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