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Abstract

Members of the genus Bifidobacterium are prevalent in the human colon and represent up to 90% of all bacteria in fecal

samples of breast-fed infants, and 3~5% of adult fecal microbiota. Bifidobacteria produce organic acids, thus reducing the

colon pH to a level inhibitory for pathogenic bacteria. They can also detoxify a number of toxic compounds and adhere

to the colon mucosa, thus preventing the adherence of pathogens and induction of colon cancer. Recently, we identified

a novel Bifidobacterium longum subsp. longum strain, KACC 91563, in a fecal sample of a Korean neonate, and demon-
strated its functional properties. We showed that B. longum KACC 91563 alleviates food allergy through mast cell
suppression and produces antioxidative and antihypertensive peptides by casein hydrolysis. Dairy products are considered

as an ideal food system for the delivery of probiotic cultures to the human gastrointestinal tract. Cheese affords protection

to probiotic microbes during gastric transit due to its relatively high pH, more solid consistency, higher fat content, and
higher buffering capacity. Incorporation of B. longum KACC 91563 into cheese making is currently under study.
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Bifidobacterium 42 AA AU $HALE BH FHof
EH9 o 90%, AlelAM= 3~5%= RFA]gti(Harmsen ef al.,
2002; Harmsen et al., 2000). Bifidobacterium 4= 32%°] &
24 93 (Balleste and Blanch, 2011). ©|& 5 Bif. longum<-
B oty $8Fo2 & tiFavier e al., 2003;
Favier et al., 2002). Bif. longum, Bif. infantis, 12| 3. Bif. suis
= Bif longum®.Z F3o] T35 ) S WK (Sakata et al., 2002),
Mattarelli 5-(2008)<- subspeciesE A3+ Bif. longum subsp.
longum, Bif. longum subsp. infantis, 12 3 Bif. longum subsp.
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1998; Hartemink et al., 1996), ™% ?ﬁmoﬂ Fatste] Wl
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sto} fogk A9 A7) s T AnAlel A Fe =2
A7} Aorglojol gtk Ao A BHaF9 FAF HIE
AE 128G A 100 AF5E B4 KM Brearthet dl.,
2001). ¥l Z=Ete| ol A A A AAFFLS 2EF A
wz} thE W (Roy, 2005), ~E# Q0] AES AZFAHTH
E713H50r Aobd= Zo] F 231t} By a2l obrt A
Foll Z2ulo] Q¥ AT ARMEE w] Ata kF, 71414 Wy,
<k Ws}, J83 pH Wstel > 2EHAE WA fch F
T AFAA voEEkE 2lole] A& v ¥t gole] ~EY
)l A7 &=, 183 BE el wet bzl th(Blanchette
et al., 1995). WAL FA4F W v =dte gjote] A&
A fAE B2 SERAIFAA A 7F H3 2t Corbo et
al, 2001). HlZ T utg oyt 73stE x| =29 YAk HafH
o AAsa 7Fe A diste] & Aeolg Akt Stk
(Stanton ef al., 1998). ¥]Z| EHlH glotE A= Aol &85t
W b 2 SAS vyt glole] ) Ao upA g
pH, A& 3=, A F, 23 A 2710] Hol AEA
o] /lX=E 4 th(Dinakar and Mistry, 1994; Stanton et al.,
1998; Boylston et al., 2004). AlTH7h, &4 F A ZE 79 A
27F flE AdE7E Hof g et oot 22 {1 mAE
o] AEo & F7do] 2 4 Akl 3k tH(van den Tempel
et al., 2002). & oAM= =l Aot Al EEl gt Bif: longum
subsp. longum KACC 91563(Ham et al., 2011)9] 7154 S &
M3k, vl st g otE o] &3 X2 Ax #HHE AFE L

a7 o,

fe el Hetol= ALk & BiE o] itHHayes ef dl.,
2007; Sadat-Mekmene et al., 2011; Chang et al., 2012; Miclo
e al, 2012). A2 ATe|= FolH st 5L B4
R 5F Z7VE S DNA 4, Bk, A 8RAY, Qu2)
2 w3E dOI BT £ QS THWOolff ef al, 1991; Beckman
and Ames, 1998; Agerholm-Larsen et al., 2000). H] 3] =1} 2]
ofol] o3k A2 Fetol== Ao B EA sttt Bif
animalis ssp. lactis strain Bb122 WEA|Z] Alo]2l E3| &3}
Bif: psedocatenulatum G4(Y=< Bifidobacterium longum BB536)
o 9729 FE 2 E AE It BaEnt 210 (Alha
et al., 2010; Al-Sheraji et al., 2012), Chang 5(2013)°] Bif.
longum KACC 91563°] el o] A olilelA 843t S et

[

o] At 7Hs Al S B3I Bif longum KACC 91563%
Aol Al chul A3}l v %A 3 kDa ©]8F EFo A T kst
S Uepflo] bt sletel =g FAsIIT(Table 1), ©1F
VLSLSQSKVLPVPQK 4} VLSLSQSKVLPVPQKAVPYPQRDMPIQA
o] B-AolAlel A frefgh Fakst FEtolER FA YT

2. 2% SIS Fastol FDYY HWelo|= M4

Bif. longum Bl 5369 A2]|&A E}o| =7} In vitro ACE
(Angiotensin I-converting enzyme) 94| &4 S YeR At
B ¥ 9l O KDonkor ef al., 2007), WEFO|EE T A
2 8kth. ACE”7} angiotensin 19| 4] angiotensin 112 2] 1 &ko]1}
bradykinin 7Fral ol o3 s 574171 B E(Gobbetti ef
al., 2000; Miguel et al., 2009; Petrillo and Ondetti, 1982), ACE
249 AL DAY B AR T L2E 17
Itk HZo) LVYPFPE £3at= A28 ACE oA HEt
Ol =7} Bif bifidumol A 7 = 913 (Gonzalez-Gonzalez et al.,
2013), Bif. longum KACC 91563l th3ale] Ha 5(2015)°] K
&tk Bif. longum KACC 9156308 3H] &x]-45 wg
Al 3 kDa o] &} -8 olA 62.3%°] ACE Al 845 YR
Bif. longum Bl 536(Donkor ef al., 2007)%] 63.7%%} frAMgE &
3= YER IS, 3 kDa ©l3t #2lell 4] 371 €] ACE A&
2] #E}e] =(YQEPVLGPVRGPFPIIV, QEPVLGPVRGPFPIIV,
GPVRGPFPIIV)(Yamamoto et al., 1994; Gobbetti et al., 2002,
Gomez-Ruiz et al., 2002)7} S8 = At =& ACE A &4
< zt= HElo] &= C-terminal 2%+l Trp, Phe, Tyr, %+ Pro,
N-terminal @l Ala, Val, lle & SerS &-&3th= X (Jao
et al., 2012)° 4 ¢} 3Fo] o5 et =7} gt o] AT
gk 7]Eel B gaks} HEete] & M Y-S $Hrste] ACE 9
Al 235 vebd 7hsAdol e e 15719 HEo|EE F
A3l THTable 2). ©]% SDIPNPIGSENSEKTTMPLW+ Ui
of AAAAo R EAss gt AEel=E By Ent 3l

H(Islam et al., 2014).

=
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Table 1. Casein-derived peptides identified in the <3 kDa fraction of the casein hydrolysate obtained by fermentation of Bifidobacterium

longum KACC 91563 (Chang et al., 2013)

Casein Peptide sequence Precursor Theoretical z
MW m/z MW m/z
f1-14, RELEELNVPGEIVE 1,623.8181 812.9163 1,623.8468 812.9307 2
f127-138, LTDVENLHLPLP 1,359.7151 680.8648 1,359.7399 680.8772 2
£129-138, DVENLHLPLP 1,145.5861 573.8003 1,145.6080 573.8113 2
f139-154, LLQSWMHQPHQPLPPT 1,924.9486 642.6568 1,924.9618 642.6612 3
f162 176, VLSLSQSKVLPVPQK 1,621.9622 541.6613 1,621.9767 541.6662 3
f162 174, VLSLSQSKVLPVP 1,365.7982 683.9064 1,365.8231 683.9188 2
162-189, VLSLSQSKVLPVPQKAVPYPQRDMPIQA 3,104.6990 777.1820 3,105.6897 777.4297 4
f177-190, AVPYPQRDMPIQAF 1,631.7853 816.8999 1,631.8130 816.9138 2
f190-202, FLLYQEPVLGPVR 1,529.8336 765.9241 1,529.8606 765.9376 2
B-CN f191-209, LLYQEPVLGPVRGPFPIIV 2,106.2126 703.0782 2,106.2241 703.0820 3
f191-206, LLYQEPVLGPVRGPFP 1,780.9554 891.4850 1,780.9875 891.5011 2
f191-202, LLYQEPVLGPVR 1,382.7690 692.3918 1,382.7922 692.4034 2
£192-209, LYQEPVLGPVRGPFPIIV 1,993.1140 997.5643 1,993.1400 997.5773 2
193-206, YQEPVLGPVRGPFP 1,554.7985 778.4065 1,554.8195 778.4170 2
£193-209, YQEPVLGPVRGPFPIIV 1,880.0200 941.0173 1,880.0560 941.0353 2
f194-209, QEPVLGPVRGPFPIIV 1,716.9686 859.4916 1,716.9927 859.5036 2
f195-209, EPVLGPVRGPFPIIV 1,588.9083 795.4614 1,588.9341 795.4743 2
f197-209, VLGPVRGPFPIIV 1,362.8131 682.4138 1,362.8387 682.4266 2
f199-209, GPVRGPFPIIV 1,150.6675 576.3410 1,150.6863 576.3504 2
8-23, HQGLPQEVLNENLLRF 1,905.9950 636.3389 1,906.0061 636.3427 3
8-22, HQGLPQEVLNENLLR 1,758.9219 587.3146 1,758.9376 587.3198 3
f10-23, GLPQEVLNENLLRF 1,640.8618 821.4382 1,640.8886 821.4516 2
f10-22, GLPQEVLNENLLR 1,493.8003 7479074 1,493.8202 7479174 2
f11-23, LPQEVLNENLLRF 1,583.8389 792.9267 1,583.8672 792.9409 2
f11-22, LPQEVLNENLLR 1,436.7737 719.3941 1,436.7987 719.4066 2
asCN f12-22, PQEVLNENLLR 1,323.6910 662.8528 1,323.7147 662.8646 2
f14-23, EVLNENLLRF 1,245.6467 623.8306 1,245.6718 623.8431 2
f15-23, VLNENLLRF 1,116.6080 559.3113 1,116.6292 559.3218 2
24-36, FVAPFPEVFGKEK 1,493.7756 498.9325 1,493.7919 498.9379 3
24-35, FVAPFPEVFGKE 1,365.6743 683.8444 1,365.6969 683.8557 2
£179-199, FSDIPNPIGSENSEKTTMPLW 2,378.0972 793.7063 2,378.1101 793.7106 3
f40-54, LNYYQQKPVALINNQ 1,804.9138 903.4642 1,804.9471 903.4809 2
N 55-72, FLPYPYYAKPAAVRSPAQ 2,038.0420 680.3546 2,038.0676 680.3632 3

IMW = molecular weight; m/z = mass to change ratio, where z = number of positively charged ions.

I P27 vkS gAdg L Ard o E S, Bif
breve= 1L-10 A2 Tl AZ FEE B3] A S =
35k, 8% 9] fatd&

A

<
A TH, &2 H8kate] 25

TKSchiavi et al., 2011). L8], Kim 5(2016)> Bif. longum
KACC 915635 ¢F &t 97+ 5] Al ¢e27] WA o] 7+4stad
=8, o1& Bif. longum KACC 915632] EV(extracellular vesicles)
7t B3 8E BT E(Mast cell)2] AFH(apoptosis)S Y27 7]
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Table 2. Potential antihypertensive peptides generated by fermentation with Bifidobacterium longum KACC 91563 (Ha et al., 2015)

Sequence Fragment Peptides obtained from the fermentates References
LNVPGEIVE B-CN(f6-14) f1-14, RELEELNVPGEIVE Gobbetti er al., 2000
YQEPVLGPVR -CN(f193-202) £193-206, YQEPVLGPVRGPFP Rokka et al., 1997
B-CN(f199-209) £195-209, EPVLGPVRGPFPIIV
B-CN(f199-209) f196-209, PVLGPVRGPFPIIV )
GPVRGPFPIIV Gomez-Ruiz et al., 2002
B-CN(f199-209) f197-209, VLGPVRGPFPIIV
B-CN(f199-209) £198-209, LGPVRGPFPIIV
as1-CN(f194-199) f176-199, APSFSDIPNPIGSENSEKTTMPLW
a51-CN(f194-199) £178-199, SFSDIPNPIGSENSEKTTMPLW
a51-CN(f194-199) £179-199, FSDIPNPIGSENSEKTTMPLW
a51-CN(f194-199) f180-199, SDIPNPIGSENSEKTTMPLW
Maru uzuki, 1982;
TTMPLW 4-CN(f194-199) £181-199, DIPNPIGSENSEKTTMPLW faruyama and Suzuki, 1982;
Pihlanto-Leppéld et al., 1998
a51-CN(f194-199) f182-199, IPNPIGSENSEKTTMPLW
a51-CN(f194-199) 185-199, PIGSENSEKTTMPLW
a51-CN(f194-199) f186-199, IGSENSEKTTMPLW
a51-CN(f194-199) f188-199, SENSEKTTMPLW
Cc
A B 1007 o pBs
75 KD § Two sensitizations Intragastric challenges 9 © OVA+GST (50 pg)
«—Espp VipOVA(50 pg)/alum (1 mg)  wigPBS or OVA (50 mg) rl 3 OVA + ASBP (50 g)
= g 1v4 2'6'} 370 372 ;4 3'6 3'9D g u OVA + ESBP (50 ug)
50 kD " «— ASBP ays
v - : } I
£ &F 2¢ 27 3
N A ip ESBP or ASBP (50 pg)
& QO Q; 1 2 3 4 5 6
& Numbers of OVA challenges (50 mg)
¢ F
1009 o pas 80 — 10000
5 © OVA + GST (50 yg) X = —_—
& 0 OVA + ASBP (50 pg) g‘qﬂ g
g m OVA +ESBP (50 ug) w £
g < T 50004
Q = o
£ T 20 g
=
0 o
1 2 3 4 5 6
Numbers of OVA challenges (50 mg) Qéo,‘é;: Q@%ﬁ Qﬁz,eé:‘v@éié?é
69?‘6“‘?&? M .55? 6!?

Fig. 1. Suppression of food allergy responses through ESBP, a major protein of B. longum KACC 91563-derived EVs (Kim et al., 2016).
A, Proteins of B. longum KACC 91563 and its EVs were analyzed by using SDS-PAAGE. ESBP and ASBP were identified
through proteomic analysis. B, Experimental schedule for food allergy induction and administration of ESBP or ASBP in mice.
C, Abilities of GST-tagged recombinant ESBP or ASBP (50 pg) to suppress allergic diarrhea (OVA+GST vs OVA+ESBP:
"*p<.001, n=approximately 6~22 mice per group). Recombinant GST protein-treated mice were used as a positive control. Data
are combined from 3 independent experiments. D, Paraffin-embedded sections ofjejunum were stained for mast cells (original
magnification x400). E, The number of mast cells was counted in 4 different fields and represented by a bar graph (n=4 mice
per group). Statistical analysis was performed by using 1-way ANOVA with the Newman-Keuls posttest. p<.05. F, Levels of
MCPT-1 in serum (n=approximately 3~6 per group). Data are representative of 2 independent experiments. i.g., Intragastric; i.p.,
intraperitoneal (Kim et al., 2016)
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o], EVellA £2]8 ESBP(Family 5 extracellular solute-
binding protein) 23] FAF Al GE| 27] WA o] 40% A
< B3I tHFig. 1).

4. H|¥ E8tE
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2005), HloFA(E1712] WA %] Z)(Gursoy and Kinik, 2010; Ozer
et al., 2009; Yilmaztekin et al., 2004)9} ©|gka] WA x] =
(Mahmoudi ef al., 2012) 5 A € X] X] Z(white brined cheese)
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AELE AP0 7 A= Frjo] FA 21 Ao B
Hu} JtH(Gomes et al., 1995; Gomes and Malcata, 1998). <
2] 7HA Fej o] x| =ol| A w3 mutH gote] AEA] Bt A
Bif. bifidum} Bif. longume 7vg B ART £ AELS
el A th(Boylston et al., 2004). Gursoy 5-(2014) A &
2l 2 2¢] 909 %A Al Bif longume A BE HA $3(10°~
107 cfu/g AZ)ET & FF107 cfug N R)oz A&
T AN, FHE A= ZEtE ol 2FE Swreptococcus spp.
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st

J2|ol& o|8% x[= A=

N

3ol

4 E

SAEsElel £ 2l A 702

w3 A2
gov, §714E Yastel WAFE A FEOE
o) pHE Rtk E, ofe] /1A $4 AP SHL A
A% F QB Aol REsel WaE LA Y
WS WATRI AL Ak AT BFH Aol
A

12]3+ Bif. longum subsp. longum KACC 915632 ESBP
5 extracellular solute-binding protein)& A A+slo] 2]

EUA=|E AYT B oz, HA @M UE 2o
A

G FAFS ZEuol2gAE G 3
HE AN TelEE, 58 A2E AT B pH, A
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