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The purpose of this study was to isolate the probiotic lactic acid bacteria, and verify the possibility
of the final selection strain as probiotic material. For screening of biogenic amines non-producing mi-
croorganisms, 42 lactic acid bacteria were isolated from various berries, extract and vinegar grown in
Sunchang. Isolates were investigated for various physiological activities such as extracellular enzyme,
antimicrobial and antioxidant activities, and 5 isolates were firstly screened. SBB07 was finally selected
by analyzing the biogenic amine, and named Lactobacillus brevis SBB07 by 165 rRNA sequencing
analysis. Next, SBB07 was assayed for their survival ability when exposed to acidic and bile conditions
as well as heat and antibiotic resistance. As a result, SBB07 showed more than 86% and 54% higher
survival rate in acidic condition at pH 2.0 and bile resistance with 0.5% oxgall. In addition, SBB07
showed a survival rate of more than 113% in 60C, and also confirmed that it has resistant to various
antibiotics. As a result of confirming the possibility of prebiotics, SBB07 showed the best utilization
of GOS as a prebiotic substrate, and utilization of FOS and inulin were also high. These results sug-
gest that SBB07 have good potential for application as probiotic lactic acid bacteria.
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Mz 54 24

2 #F9 AEY T4 F protease, cellulase?] T4
Yang 5[34]¢] W wel S8 ATh Protease wHl 5
skim milk (Difco™)& 7|42 &3} 2% skim milkel 15%
agars H7}gt skim milk agar® A & Al 235t AHE8ER L,

cellulase ¥ 52 carboxylmethyl cellulose (CMC, JUNSE],
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Tokyo, Japan)& 7122 "d9ste} 1% CMC agar |4 & Az
sto] Abgetglth Ao A9 54 24 A WA &4

Fo WF F5HE 045 um syringe filter (Sartorius,
Frankfurt, Germany)Z A& 5 100 ul& 27 8 mm9| well
of &Fto] 25Tl A 2443t < FHEAZ & FHEY 2
719 we} protease B cellulase 24 S 43t th. B-gluco-
sidase £ FAE 487 98 1.0% esculin (Difco ™)}
0.5% ferric ammonium citrate (JUNSEE #7}3to] A =g
Lactobacill MRS agar platec]l £2]F& 3 F3to] 37C A
24N 7E W FF Z colony FHlol A71E AR & 7o
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AR 2o o170 CHst & 8
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3624 5 ¥ 2% wF7H 44 TFH = 0.8% soft agar
plateg A 23t well diffusion H[21]oll &3} ZASFA L
™ 045 pm membrane filter (Sartorius)Z A| 73t £ F 9
HH oF A co}] 100 ul& 71-71—/] g &4 ZZ4 uHx] oﬂ t:il-
H 30Tl A 24413t Fk wjFste] Fd A S| A7)
uet @ 49 575 SAU

M3t g 57
gl 7o) tigk g4kst 242 2,2-dipheyl-1-picryl-hydra-
zyl (DPPH, Sigma-aldrich, MO, USA) &% #$3lo =4
St TH21]. 100 uM DPPH Ethanol €9 180 ulell 20 ul® Hj %
BEde AME F S AES 308 T ARAA WA
713 UV/VIS spectrophotometer (SPECORD200, Analytik je-
na, Jena, Germany)Z 517 mol A 3 =& 4354 ofgf 4
of uet Fats 2 ST HETEE MRS AA H
AE A7 AT E Agetel dd o A + =
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[1'(Ab5517 nm of sample)/
(Ab5517 nm of com-ml)] x100

HIO|2|H ofZl Md 0{F ZAL
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(VS-1203P3V, Vision Scientific Co. Ltd., Daejeon, Korea) 150
rpmol| A 24413 A 5w 1 mlE 8| 2B I} el
of AFA ofm Akl 3] 2E H (Sigma-aldrich) ¥} E] 241
(Sigma-aldrich)°] 0.1% Z3H% MRS 4] w]# 9 mle] % %3}
11 37°C shaking incubator 150 rpmell A 2447t &< £ &
SHETh Hufj ok 13,000 rppmoll A 3087 AA st
As AAG L, A7 AA" HF 35 dE ol Al of
724 AT AR ST AR 2F &9 44
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05 ml #& ¥ 0.25 ml 1,7-diaminoheptane (Sigma-aldrich)<}
0.25 ml Z3} Na,CO;s &9 (Sigma-aldrich), 1% acetone (Sigma-
aldrich), 0.4 ml dansyl chloride (Sigma-aldrich)S <33 %
45CoM 1At Bk F=A S skt FEAS} 3 A5
025 ml¢] 10% proline (Sigma-aldrich)& 7}¢+ & 29| dan-
syl chloride® A|A% 5 25 ml9 ethyl ether (Samchun,
Seoul, Korea)& 713t 323t Agd & B9 45d& 3
ato] FWAI7] I EE& FHAHE 0.5 ml acetonitrileol] 483}
0.45 um syringe filter (Sartorius)® o & &4} o A-&3}3)
o Apol oAl ofrl B4& 9% 7171 £4 202 Yang &
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Research Corp., CA., USA)E ©| &3] DNAE FZ35ith.
F% 3% DNAT universal primer$! 27F%F 1492R primer® &
gt A dHS SEAZAL3], SFH PCRY=EL
QIAquick PCR Purification kit (QIAGEN, Hilden, Germany)
2 AT F GrtazAdd of=ste drNde 243 F
7 3}E National Center for Biotechnology Information (NCBI,
Bethesda, MD, USA)®] BLASTE A-&3}] GeneBankel &5
d A7 FsAdE Hlwstlth. 9714 €2 ExTaxone-e
A H (http:/ /www.eztaxon.org) S &l £F 77 H71A<E
S 53 F MEGA 6.0 program [19]& AF&3to] @714 E
Az v F ASEE A4t AF =S Neighbor-
joining ¥ 12 F[30]= AH8-3t%CH, 1,0003] W& S E boot-
strappingdte] 28 AT=e A4S FTh
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W #FE MRS DA A o A v Fete] FAE 3]st Hit
Foll 33 AAHY F s et ARE FHlEAT
A 500 ulE 5 ml suspension medium| E01& & 5~6
Mcfarland (bioMerieux Co.)& E}EE 2R3 9t 558
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AR LHEIEA 2 LHN 2o

ke td AFA S Fedstr] A8 pH 2.0, 3.0, 4.0, 5.0
(in 0.IN HCl (Sigma-aldrich))2 2% MRS brothdl #F&
4%(10° CFU/ml)3te] 308 A & ARE 353t A
€ AT AE e dzTo vlaste] ATt $71%
APTE WS 7 ALz Frhsiin WesAd 97k
Oxgall (Sigma-aldrich)< 0, 0.1, 03, 0.5, 1.0% 9 == 7}

3k A z3 MRS brotholl fr4hat ¥l %k 1%(2.0x10° CFU/
ml)E HE3 F 37CAA 6412 v st fatda FYst
gHoz 4 AEES AR doll tidt AL 30
T, 40T, 50C, oc 80CZ A% MRS broths] &4 #F&
HEs 10 % b BA G o] Fo] HES VAYE FE ATt
A3 9.
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G A 7H432 NCCLS (National Committee for Clinical
Laboratory Standards)®] disk diffusiond & & QA3 % th.
AHg-¢t A Al ] 2 3(BBL Sensi-disc, Becton Dickinson Co.,
NJ, USA)= amikacin (AMK), amoxicillin-clavulanic acid
(AMC), ampicillin (AMP), cephalothin (CEF), ciprofloxacin
(CIP), colistin (CST), doxycycline (DOX), erythromycin (ERY),
gentamicin (GEN), lincomycin (LCC), kanamycin (KAN), tet-
racycline (TET), trimethoprim-sulfamethoxazole (SXT) & 16
FS AE3HY. #FE Mueller Hinton broth (Merck,
Darmstadt Germany)©ll A& 3taL 37Tl A 5AIZE B2k vl
gt ¥ Macfarland (bioMerieux) No. 05% BE& 2434
Mueller-Hinton agar (Difco)oll =Z3}%0.H, 3083 A% A

T 165 A T35 F1 37ColA 24A3F w st

O Hj ol $RE 5 24 ZAA N d AAe 2715 F
3kal CLSI kol E2kele] os) st W& dAsAH.
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A% 48 #79 Zeuol 082 714 A% 58 L Am
S0le WHe 9% BFste] ZHsHGT Zejro] 0g 2 7]
A E+ glucose (Sigma-aldrich), xylitol (Sigma-aldrich), D-
Tagatose (Sigma-aldrich), inulin (Sigma-aldrich), lactitol (Sigma-
aldrich), lactulose (Sigma-aldrich), frutooligosaccharide (FOS,
Sigma—aldrich), galactooligosaccharide (GOS, Sigma-aldrich)
5 % 8% & A83t9 2, 96-well plated] prebiotic mini-
mum media (0.5% of peptone, 0.25% of sodium acetate,
0.05% of 1M magnesium sulfate 7HO, 0.05% of 1M man-
ganese sulfate 4H,O, 0.5% of tween80, 0.1% of diammonium
citrate, 0.1% of dipotassium phosphate and 2% of each pre-
biotic substrates)?} 7] & o] H7HE A & wjA|o] A -+



ol 1.0x10° CFU/ml7} 52 HE3 thg 37T A
24747 3 600 nmol A FAEE 243t 7]d o] & 5E &
A3t
Za o &
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ZEulo] QE A Ak BEE Y3 AHEE AT
A A mmw(%%'—uﬂa, 27, ef, okZyo}) Ao}
HEFE 54U TP FINA Axd Az E A7)

SREER SRR
o2 ¥z gu, 4 5
= gusgn.

48% S FRHAY. 3 Ase
G M Ao AT Feo

I3 540 wet 259 EoF

w2} endopeptidase, amino-
3t Z 79| proteaseE A 4Hs}
Ao ool

B

¢ ot e
protease ©] 9] = amylase, cellu-
=1 3”0}0% A5 o, 24
ASS 274 }UO] Y Baa
FE gL
z protease, cellulase, [3 glucosadase 3% Oﬂ EH?} AEZS) T4
24E& AR89, 2T F 9% AA protease, cellulase %
B-glucosidase 374 4 E BF AAste A& Felstdtt
(Table 1) 53] v A FA s ol aEehd wiF A Tk
3 Z0j 248ty BuE B-glucosidased] O

< ZE3 Sloj[9], AELEAFA F= EA% =
ke WAl AY2ed o=zl AW FE

A P dgete e A8 T F8IH5A
< 7t B-glucosidase F4 0] -4
SOD62E 4883l

B2 % SBB07, SBB11,
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AE Fofl 0|30 CHS & &M 5

A2 TE F AEE 4% f714adel o) s 9
vt 4 53 A 22 FuAEY F4S AAS, 4
F AZAE 59qF7] R FF FAo] Y FAT &
o5 o] &3 AF Az ATVt Bol o] FojA 1 AUTH24, 27].
AEFAAES U FF SRS T2FHSH L T3l
g o7 AT KCTC 36249}

A3 9% 1 ;F—zr BE fafud el tato 3¢ g4
Zky o, Ee)5 Fol A= SBB07, SBB11, SBBJ43, SBBJ56,
SOD62 & 5%°| B. cereus® thate] ¢ &+ &4& AY
1 glmq.(rable 1). webA] oA Aukel 9F9 BEElFe AE
FAUAEA 99§ 198 w5 22 450 A
o F4¢ Al 4F nE D FENRAA 4YA A

&0 7hsd BYFE %L%*éol Tee st

53l e

Lol E}. FA = 44% %z]ur

1 A% F ASE AT s, @A, S

free radlcaloﬂ AAE Zost=

< 3[12], A W 4

g = 4 ﬂM Ao Yo F=

o st Hesd E4E2 o8¢ free radical £ %0

Pater 298 988 de).

we}A DPPHE o] £3te] a3 ghats 84S 2438 2

TH(Fig. 1) 4@ #F % SBBO7, SBBJ56, SOD62°0] 15% o] 42

DPPH 24 & velyl on, SBB7¢] 2425% 2 714 &2 34t
3 Z4< Y

Table 1. Conditions of enzyme activity, antibacterial activity for selected

Selected strains

Test contents

SBB07  SBB09 SBB11  SBB24  SBB36 SBBJ43 SBBJ56 SOD41  SOD62

Protease” 14 14 13 14 14 15 13 13 13
Cellulase® 12 8 8 10 11 8 12 12 8

[3—glucosidasea 21 0 15 0 15 8 8 0 20
Bacillus cereus KCTC 3624° 15 17 15 16 16 16 16 16 16
Bacillus cereus KCCM 40935° 18 13 16 14 15 15 14 14 14
Histamine ND° NQ° ND ND NQ ND NQ ND NQ
Tyramine ND NQ NQ ND ND ND NQ NQ ND

‘Size of clear zone (diameter).
"Not detected. “Not quantified.
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& EABHE 2 A o8 AHRT 53 8 2gu
Behae Agol 43 A LH27E FLANAY G
1 2 EES oA L& gloj[4] 4F A FHAA o]
A obdle] B 247 S Fa3HT mebd BeFE o
yoz AFA B2 9% gzalol TIH A WA 48
. #% 55 1% 0 WYt B 44T 320, He

7ol 3 HPLCE 2438} th(Table 1). SBB11, SBBJ56,
SOD62 #2]F 3% A& vo] eAY ovlo] &S HAA
T Aol HA e g @ FAR AEHUA e, SBBO7,

SBBJ439] 2% 9] B FolA L 3 2EH T Herlo] BF 7

Antioxidant activity(%)

0 ‘ ‘ ‘ ‘ ‘ 257 Fe AL FASRGTE A FUY 820D e
SBB 07 SBB 11 SBBJ 43 SBBJ 56 SOD 62

Fig. 1. Comparison of antioxidant activity for selected strains. °F 100 mg oI¥-& AHEoF T %A"}%ggé T AT
Hus3 o4 AF A FAT 2ol ° 359 £

HIO| QAL O}al AN &tol FTE BF el FE2 obES Al webs A
Hho] O A oM e =z tuld Fgeko] 2 ATH B T 55 ez 54 24, I 24, s 24 59
A EF 2o TUY A AZo] B1E Y SAHAY BijH= XA} wpo] oAy obRl B AFE wlwetl S W SBBO7
AN A opm|imabe] eeak uSo) ofs) AAEAY gea A BHO MY Sta R A5 Lokl A8o] Ths st

19 Lactobacillus malefermentans CECT 5928 (AJ 575743)

Lactobacillus paracollinoides DSM 15502 (AJ 786665)

Lactobacillus paraplantarum DSM 10667 (AJ 306297)
Lactococcus plantarum NCDO 1869 (X 54259)

{ Lactobacillus kimchicus JCM 15530 (EU 678893)
100 Lactobacillus brevis ATCC 14869 (NR 044704)
Lactebacillus paramesenteroides DSM 20288 (M 23033)

Lactobacillus brevis NCDO 1749 (X 61134)
Lactobacillus similis JCM 2765 (AB 282889)

454(: Lactobacillus spicheri LTH 5753 (AJ 534844)
Lactobacillus plantarum subsp. argentoratensis DKO 22 (AJ 640078)

58 Lactobacillius rhamnosus JCM 1136 (D 16552)

~

&5 Lactobacillus parabrevis LMG 11984 (AM 158249)
gs || Lactobacillus zymae LMG 22198 (AJ 632157)
51" Lactobacillus acidifarinae LMG 22200 (AJ 632158)

44 Lactobacillus collinoides JCM 1123 (AB 005893)

Lactobacillus casei ATCC 393 (AF 469172)

ar— Lactobacillus senmaizukei DSM 21775 (AB 297927)
0 44 I Lactobacillus odoratitofui DSM 19909 (AB 365975)
Lactobacillus plantarum DSM 20205 (M 58827)

100 Lactobacillus paracasei subsp. Paracasei JCM 8130 (D 79212)

! Lactobacillus casei ATCC 334 (D 86517)

g Lactobacillus hammeslii TMW 1.1236 (AJ 632219)

39 ‘ SBB 07
%! Lactobacilius brevis ATCC 367 (NC 008497)

—t
10

Fig. 2. Phylogenetic tree based on nearly complete 16S rRNA gene sequence of strain SBB07. All sequences used here were from
Lactobacillus type strain. Lactobacillus species and other related lactic acid bacteria, based on 165 rRNA sequences. GenBank
accession numbers are given in parentheses. The branching pattern was generated by the neighbor-joining method. Bootstrap
values are expressed as percentages of 1,000 replicates.



2 SBB07S AlE&t.

= My F=0| EX
2% A8 SBB079 165 rRNA 247 |7149 £4 4
& o] &3t BLAST search A3 Lactobacillus brevis #H
pE
S|

X
59101, Eztaxon served| M E& #39 45AE vl &
3t5th. Sequence alignment &4}l AH8-3F parameter 3 op-
tion #t-2 protein weight matrix® Gonnet seriesE AH-83} %1
i, gap opening 15, gap extension 6.66, delay transition
weight 052 24321, gap penalty 5, K-tuple size 2,
top diagonals 4, window size 4% 83t $ith. 1 A ¥} SBB07
(1302 bp)= Lactobacillus brevis ATCC 367 (NC 008497)Z 99%
o e e 97149 S o &3t phylogenetic
treeE 243171 914 evolutionary distances®] & max-
imum composite Likehood ¥ & =& & AHE-33{ Th(Fig. 2).
#HFH 22 Lactobacillus brevis SBBO7Z ™™ 391 11, SBBO7-&
G B EHEAE(KCCM, Korean Culture Center of
Microorganisms)l Lactobacillus brevis KCCM12102P& 7] &
st

APl ZYM Kit2 0|3¢&t &4 &N
Qukz o2 FaFol Lo

A857) A9

Table 2. Enzyme activities of L. brevis SBB07 by API ZYM analy-
sis

Lactobacillus brevis
Enzymes

SBB07
Control 0
Alkaline phosphatase 0
Esterase (C4) 0
Esterase lipase (C8) 5
Lipase (C14) 0
Leucine arylamidase 10
Valine arylamidase 10
Cystine arylamidase 10
Trypsin 0
a-chymotrypsin 5
Acid phosphatase 10
Naphol-AS-Bl-phosphohydrolase 30
a-galactosidase 0
B-galactosidase >40
B-glucuronidase 10
a-glucosidase 20
B-glucosidase 30
N-acetyl-B-glucosaminidase 10
a-mannosidase 0
a-fucosidase 0

All values were mean + S.D (n=3).
‘0, no enzyme activity: 5, 10, 20, 30, >40 indicates nanomoles
of hydrolysed substrate after 4 hr of incubation at 37C.
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L oo|Eo] HAElE EA T3 u]e 223 BES X3
9o} % Hua SB 13074 o4 protease, amylase ©] 9] 9] &
& QA ARE F9137] 8 AP ZYM KitS o] 4-8te] 24
3491}, SBBO7L
cysteine arylamidase 7| € 9| protease E2: Thdto] 10 nmole
o] oFgk &4 Yehf it 3HA 7 Naphol-AS-BI- phospho-
hydrolase®] 7 30 nmole2] =& %"qg et slon, B-

leucine arylamidase, valine arylamidase,

galactosidase™ 40 nmole ©]}+¢] & < Yeto] &=
219 80%7F A+ ¥ % lactosedl «]EP % B 59 Ast

ol B& =wol € ALoE UeRUl] £ T¢ 542 4
27 B-glucuronidase?] 7% benzopyrene? %2 H4E4
o] AW Eoits o, el A gluculonic acid9t A¥= o 1
Aol F7tete, A%E EHo] &FAAM FE3 A A
w5 o} A Ml B-glucuronidaseo] 23 BX 3 HwA
Al =40 A = Q7] W gel[7] Z=uto] LY 2 fitd o
2 AEH7] Al M e Aol W dF7t vk ste] SBB07
o 7% 10 nmole o]t FA o] wfsto] T Znjo] ©El X
T2 AT TG 2 3ol flESe FAsHATHTable 2).
SBBO7—S— AdutA o2 BAFE L brevis +FY EE FASH
B9 01}, a-galactosidase} esterase®] 4
a 9,11] ol A Hud FF9 4 540 dEbge
e A3t ATH14].

SBBO7°| LAY, LHEFEAM 3 LHEY
Aol A& ?‘Wﬂ A3 A ZEro] QY22 M £
=1 1)rl‘jr"ﬂﬂ 2 sl 1{— §]r“»"4 T pH3 ojste] Y& pH
ljr Eo gFtol e
540101: 3-T}H10]. SBBO7<]
WA 2A AT 27 23S W pH 3744
e F&Fe A o o= ‘/}EP‘A’%EU% pH 2914 <F
14%7} ZHask G A gk oF 86%«] A&o] 7hsdhe e AT
(Fig. 3A). ¥tz o2 Zoulo] Qe Age] Fa A el
& %2 pHol™, Lactobacillus ¥+ YW 0= 1% W99
AEES BO|AT L brevis & 2 WA S Adg e
o < R ‘2113}[28] AF FFol tha A3

o

A

;
o
TS
4> ko
K-
o

r1r

B
o

&2 oxgalle] 05% 3
F 54%, 1.0% ?H—’r A o 4637
3 AL FAH (R

= Ho| A& A B

T

e
A9
7A4

m° o =

),
H|
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Table 3. Distribution of antibiotic susceptibility and resistance of L.brevis SBB07

Enzyme Code/Disc potency Result
Amikacin AN/30 ng ND
Amoxicillin/ clavulanic acid AMC/20 pg, 10 ng SS
Ampicillin AM/10 ng SS
Cephalothin CF/30 ug ND
Ciprofloxacin CIP/5 ug ND
Colistin CL/10 ng ND
Doxycycline D/30 ng SS
Erythromycin E/15 ug SS
Gentamicin GM/10 ng S
Kanamycin K/30 ug ND
Lincomycin L/2 ug ND
Neomuycin N/30 ng S
Norfloxacin NOR/10 ng ND
Streptomycin 5/10 ng ND
Tetracycline TE/30 ug ND
Trimethoprim/sulfamethoxazole SXT/1.25 ng, 23.75 ng ND

Diameter, cm; ND, Not detected; S, 1.2~1.5; SS, 1.6~2.0.
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P Fig. 4. Growth of selected SBB07 for 24 hr

§ 081 in prebiotic minimum media contain-

@ 0.6 1 - ing different carbohydrates carbon

ks sources including inulin, lactitol, lac-
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' saccharide (GOS). The results are
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