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Isolation and identification of ZLactobacillus reuteri BR301 strain
with antibacterial activity properties
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of Ed F 4 110952 B AT. 4E 1109950 disted 12F, 2%} WAHY, WESAAE B45te] &<
gt 5 1052 FESIL, o] &5 1080l et F4sksat FW 2abs, FHS 7162 AT 1 A 7t
S8t Z2Hlo] QHA EAE 7 #9 16S rRNA F714E9] A4 248 At HFH o= gErtgA
248] BR301(Lacrobacillus reuteri BR301)E BE5tct. SEHRAZA T2 BR301(Lactobacillus reuteri
BR301)9] @+t &4°| Candida albicans (KCTC 7965) w5l tafix= UehA] ghgton, 455 #535 et
I8 ¢4 2 34 Aol 4% I+ 2480 TFEE & 4 AUt Tt 71E Z2epo| g A FH o YA,
WS4, S 24, A A 22, 85 A 53 2 |9 nAEo] gt I &/do] 9531 v, SEHAE
2 FH|2] BR301(Lactobacillus reuteri BR301) #35 WE5EE E3 FAnE A=A &8 5 SR
s iy

Abstract In this study, feces from domestic companion animals were used to select strains with excellent
acid tolerance, bile tolerance, antioxidant activity, intestinal epithelial cell adhesion, anti-inflammatory
effect, and antibacterial activity against harmful microorganisms using the companion animal-derived
microbiome. About 110 types of feces-derived lactic acid bacteria were isolated and analyzed for
primary and secondary acid resistance and bile resistance, and 10 excellent strains were identified.
Then, antioxidant activity, intestinal adhesion ability, and anti-inflammatory properties of these 10
strains were investigated. As a result, homology analysis of the 16S rRNA base sequence was performed
on the strain with the best probiotic properties, and the strain was named Zacrobacillus reuteri BR301.
The antibacterial activity of Lactobacillus reuteri BR301 was not shown against Candida albicans (KCTC
7965), and strong antibacterial activity was observed against Gram-positive and Gram-negative bacteria,
including food poisoning strains. Therefore, Lactobacillus reuteri BR301 strain is superior to existing
probiotic strains in acid tolerance, bile tolerance, antioxidant activity, intestinal epithelial cell adhesion,
anti-inflammatory effect, and antibacterial activity against harmful microorganisms, making it a
complex benefit for companion animals. It is believed that it can be used as a beneficial microbial
material for companion animals.
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Ad SEuAZ A FH2 BR301 #59] £8 ¥ 5%

pH 3 oJs}9] 4M3 xA3} 435t
7oA BET = U=A
MRS iR A HiRE 5 BF WhelsE 2 e
bt 11055 Wid 54 ¥zl N HCl= EAsto
Y= pH 2.59] MRS HiA) € HEE4 &4 H#1R(0.3%
oxgall& H7Ft MRS BiA))el sjFATt A 242 1:1
H&(v/v)2 FE3IAL, 37ColA 24417 HA] v &
600 nmolA A AgS FRlskrH13]. old 7] &
BT ofH] i 24A17F ol% FF%= o] 20% o1 F
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ulfonic acid)] g &A%

MinAlexander 5[16]9] 9175 -5-85to] & A
AE 7.4 mM ABTS®} 2.6 mM HHAEEE(Potassium
persulfate}& Ax3to] 1:1 H[&RE EFolal, 42 oA
o 20 Azt Brxste] ABTS iz AAJt== 3t
o} 1 % 734 nmolA 3= 0.9 A= YeEs
3|lMsta, 3149 ABTS gzt AEH 105 5 i
FHS 47 1112 EFotal 37CoA 3087 ¥ &
A5 0.2 ml& 96-well plated]l %74 Wsl=EE &3
EE 734 nmoA Skt
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DPPH (2,2-diphenyl-1-picrylhydrazyl) iz &

As

0.2 mM DPPH &0 A= 105 +5
27y 1:1 HER 295te] 37CAA 3081t
59 0.2 ml& 96-well plated] 4 H3}s]
£ 517 nmollA &73st3rH16].

ABTS ¥ DPPH &tz 27459 EEEEE gallic
acidE ARESIHO™, mg gallic acid equivalent(GAE)
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52 You S1719) AT PuS 38lel FAxY
% She <1zt R 9 HT-29

3t Y F JAHES £
|5 o] &ste] EASIGITE. FAIH R, HT-29 Al
3L 20% FBS(fetal bovin serum), 1% #HUYAH
(penicillin) ¥ 1% AE#ED}o]Al (streptomycin)&
33SH= DMEM HiAIZ 37T, 5% CO2 #ig7ollA Hi
ot 245k HT-29 AIZFE 24-well plate©]
7 welld 5x10° A7t HES AQ(seedingldt F
24~48A17F %t Higstath. FEE &7 A, HT-29
M2FE PAICE FBS7E @l= DMEM Hiz|o] d&s
1, MRS HiR|A wieFet, AHE 10% o5 € RS
?l LGG & 1x10° CFU/mI& &3 & 37C, 5% CO
2 wiF7Iol A 2A17F HiFSERATE. 2417 & BEER] oF
2 ANd& AAsH] 8 PBS(Phosphate-Buffered
Saline)& 7ot X7 #iF71E o83t 300 rpmell
A 38 wEkSHAl 23] AlESHATE. 0.5% Triton
X-100& 1 ml F7Iste] F2He A2 wofd & Et
£ ol&sto] AE3s] 3AstaL, MRS HiA|of =Tsto]
FEH o2 J F2sZ S5
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2.5 22| Rihdol 3 oM &t 24
Shin 5{18]9] A7 ¥ EH= 45 A avhe

o2 22 o g EASIIrE A fEf thiAAl
FQl RAW 264.7 MEF= 20% FBS(fetal bovin
serum), 1% HYAH (penicillin) @ 1% AEEn}o]
Al(streptomycinyS E3FsH= DMEM HiA|Z 37T, 5%
CO; HiF710lA] BliFotqict. viFE Raw264.7 A2
£ 249 EFo|Ed| Z A 1x10° /W7t HEE AGT
T 2447 b Higsigich 24407 & AAYdR
(lipopolysaccharide)& 10 pg/ml 5E=2 2A17F A
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222 PRSHHS A2
319, 24 tR-2 PBSe A4 LPSE 10 pg/ml &
L= AYste 45 It AdE 105 45 2
22 LGGE A= sjddS AHEL st A5
S 50 plE 96-well plated] F3tx, o7]o] B
griess regent I(Sulfanilamide solution)¥} griess
reagent II(NED solution)& 3715t 1087F -4
Zrh. °]% ELISA 2H17]E ol€sto] 520 nmollA &8
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16s rRNA sequencing £4<2 53 £ AR
st A S AAS T EY A4S

MRS HAEA] o] 4 L wjeFsto] DNAE #e|sHdtt.
o|% #39] 16s rRNAE S2317] {5 HEHHHA
16S rRNA |4A% 328 =zto|w 27F(5'-AGAGT
TTGATCMTGGCTCAG-3', A¥¥s 2)¢} 1492R
(5'-TACGGYTACCTTGTTACGACTT-3', A¥HZ 3)&
A&t PCR 382 Ex Taq Z2|H2HA|(Takara)
(2.5 U), WA #, dNTP EE(Z 1 mM), 2+
Zato]#(100 pmol) 1 mf, &8 DNA 500 ngS -5t
+ PCR §HR-89A(0 w)yE FHFE &, AR 5371
(Takara, Japan)Z 96T 30%, 50C 1&, 72C 2& %
Aoz 303 7t £kt PCR ¥ 1% otz
2 oA H7|19E0t A== 3719 DNA ©Hol
ZZ5 AL 31l pGEM-TEasy #E(Promega,
USA)E o]83}o] tidat EPI300 0.2 & A5t
P AgtE A2 YFHEZHE SA0E DNAS
%Z(Qiagen, USA)3IY, AIgtEA EcoRIE A|5td
Usk= 3719 DNA tHHo] 24 Z& Felstge
™, 16S rRNA A7IAES ZHSIATHAEHS 1).
PCR ¥FSAME-L 0.8% agarose gelof|Ad] 7952 &
3 15t F714E2 NCBI BLASTN ZZ T3
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27 22| RuB| BRI 24
2',7'-dichlorodihydrofluorescein diacetate (DCFDA)
1 mM 50 uLe} esterase (600 unit/mL) 50 pLE &3}
3t 5§ 37 CollA 20 min 7t ¥+-&-A1A 2',7'- dichlorod
ihydrowfluorescein (DCFH) solutione Y= & DCF
SHHS AREStold ®riskRITHs). Holy HAad
(paper disc)& ©]&3t o7t &4 agar diffusion)H<
olgsto], fofiatel et S S5kt AR
o7 FAF dEHMAHA FH 2 BR301 #55 MRS
AARR o FESte] 37ColA 24417 Wi &, AAHE
Zjote] ik A5AS F4otqiet. 45t vk A5
Z 0.2 pm AlEA] FEZE AF & fofieto] ExEof
= HEHIR|(LB, NB, BHI ¥ TSB)oll F&=|o] Sl=
Holn] t]AZ 9Jo] 0.1 mlE F7lsFdet 30ColA 24
AlIZE HieF & o] HAd ol BFE AsiEHmm)
A%< 33 ¥HE S4sto] HH 7k TEsITH20]
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3.1 Lt Ly

U EF WEsE
Uit # WEsd

S APt
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o] 20%
ol Z71E S Hole #FE At Y v 2, 5,
12, 17, 18, 22, 31, 32, 39, 40, 44, 49, 51, 52, 53,
54, 95H & 175& AdEstglon, Add 455 oA
oz 2x AES FYPsto] (Fig. 1), (Fig. AT
At

(Fig. DI <Fig. 2)& 1xoA A8d FF 175
aiAl WA WEEdS 24 vt Zdfolch of
22 LGGY] 4% WA 108.7%2 Yelgod, of
ZTET B2 YIS Bl FFE 8507 SRIFY
o} o] Z 18¥ I3} 29 FF7F o FFo BjE] A
fHo R w2 YIS Yetfiglt(Fig. ). WeE4
< st A 28 F59} 499 F57F di2EQl LGG
4 02 FFEET AFoR £ WSS UE
Ack(Fig. 2).
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Table 1. Analysis of acid tolerance and bile tolerance of 110 types of lactic acid bacteria derived from
domestic pet feces

. Acid Bile . Acid Bile . Acid Bile . Acid Bile . Acid Bile
Strain Strain Strain Strain Strain
tolerance tolerance] tolerance tolerance] tolerance tolerance| tolerance tolerance] tolerance tolerance
1 +++ - 23 e+ + 45 +++ ++ 67 - - 89 + +
2 +++ +++ 24 +++ - 46 ++ - 68 + + 920 ++ +
3 +++ ++ 25 +++ - 47 +++ ++ 69 + + 91 +++ +
4 +++ - 26 +++ - 48 - + 70 - - 92 ++ +
5 +++ +++ 27 +++ ++ 49 +++ +++ 71 ++ +++ 93 + +
6 +++ ++ 28 +++ - 50 +++ + 72 ++ + 94 - +
7 +++ ++ 29 ++ + 51 +++ +++ 73 ++ + 95 +++ +++
8 +++ - 30 +++ - 52 +++ +++ 74 - + 96 +++ ++
9 +++ ++ 31 -+ +++ 53 +H+ +H+ 75 ++ + 97 +++ ++
10 +++ ++ 32 ++ ++ 54 +++ +++ 76 + - 98 +++ ++
11 +++ ++ 33 ++ ++ 55 +++ + 77 + - 99 +++ ++
12 +++ +++ 34 +++ ++ 56 +++ - 78 +++ ++ 100 +++ ++
13 +++ ++ 35 +++ ++ 57 +++ + 79 - + 101 +++ ++
14 +++ ++ 36 +++ - 58 - - 80 + - 102 +++ ++
15 +++ - 37 +++ ++ 59 - - 81 - +++ 103 + +++
16 +++ + 38 +++ - 60 - - 82 + - 104 - +++
17 ++ ++ 39 +++ +++ 61 - - 83 - - 105 +++ -
18 +++ +++ 40 +++ +++ 62 ++ - 84 + + 106 +++ +
19 +++ ++ 41 +++ + 63 +++ + 85 ++ + 107 ++ +++
20 +++ ++ 42 +++ - 64 + - 86 +++ + 108 - +++
21 +++ ++ 43 ++ ++ 65 87 - ++ 109 + +++
22 ++H+ +H+ 44 -+ ++ 66 88 ++ + 110 + +
-1 0%, +: {10%, ++: <20%, +++: =20% (ODegoo increase rate)
250 - 120
200 | 100
oy
s Q
€ 150 | < =0
= <
Z
= E 60
£ 10 =
= £
2 @ a0
50 )
20
Y i
LGG2 5 1217 182231323940 44 49 51 52 53 54 95" 0 i
Fig. 1. Comparison of acid tolerance of 17 species LGG2 5 12 171822 313239 40 44 49515253 54 95"

selected after primary analysis
UThe strain number refers to strains showing an
increase of more than 20% compared to the initial
absorbance through comparative analysis of the acid
tolerance of 110 types of lactic acid bacteria.
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Fig. 2.

Comparison of bile tolerance of 17 species

selected after primary analysis

UThe strain number refers to strains showing an
increase of more than 20% compared to the initial
absorbance through comparative analysis of the bile
tolerance of 110 types of lactic acid bacteria.
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Fig. 1, <Fig. 2>9] 274E EWE WHIH HeEE
o] w2 HF Y EZ WEsE EH fE9 a4kt
105, & #5935 2, 12, 17, 22, 40, 44, 49, 52, 53,
549E FHSIQIT o] 1052 #FE °]&sto] DPPH,
ABTS radical &4%, A F2ks, TE5E vlusilth

3.2 DPPH, ABTS radical A7{5

A ol Al AEFH A0 93t free radical B4 A3
Aare] AR Exst AAEE ASHA7|a, o2
QUgt ISt A -9 F7he o] RAE SIAA diA
Fole 2HTo=ZN A7 Aot w3k HIRSt
o 2 7S EPgATES] HRlo] HE Aoz dEA
ATH16). AFFE HIESH BEL ISt HAYES 71
o] Alsh &40 R RE AAZE HET 5 9lo
U HAsHA] Eote] qatsHAe] BFo] WaZolrh
At GA] A0 TS REE AARE HE5] 9
g At HAUSS 711 §loH, ol& f4kt9] in
vivo ¥ in vitro AISH &30 tiste] RilE7] AlZs
FoH21]. 21 0.2 mM ofAFTZEAHAA)S] ABTS
gz 2752 80.11%°103, LGGY A% 64.77%
9] ABTS =tz &A5-S Yetglth. AEd 105 &
9] ABTS #tiz A7A% #9E 62.50~65.91%C1%1
on, 105 45 257 LGGY g 2753 fAS
At(Fig. 3.

DPPHE &2 A4S vetdie 1 A7 da F
A19] g Zz A Bw Qg grjdg zHe Edoly
A, WS oftlRF SOl oJal FeEo] Mo] &4

£ oA A AStE AN HER ALEE
I 9k Bk o} QAo A 43 et 9%t =
3t A ZHe-Z HAxE o]-8= UH16]. DPPHE= Tt
% 517 nmOA g Uehli AlstelA] E4o]
7helH SdEol ool F3=rt At izl 0.2
mM OFAFZHAKAA)S] DPPH #HHZ AAGS
84.17%°1913!, LGGY 7¢ 59.78%2] DPPH =z
2A%5S YErQltE. AE" 105 <] DPPH =t
Z 27% HE 51.09~60.87%2 EFATHFig. 4).

AF7HA] Geizl FASHA7L oFgt E/gdat 440 <l
Sto] ARGl EAIES WESEIL 1ouH7] FASE &)
Ve FAELS Q7] FAJALA Z2 9] Yoz RE H
33 & & UL A0E AAXH[21], B AF E 9
Ok HofollA] 4HJA o] o] fastiil AlmHct,

ABTS radical scavenging (%)
[ W F-) [a) 1=\ ~ - w

=
o

o

17 22 40 44 49 52 53 54"

AA LGG 2 12
Fig. 3. Comparison of ABTS radical scavenging activity

UThe strain number is a strain with high acid tolerance
and bile tolerance.
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AALGG 2 12 17 22 40 44 49 52 53 54"

-
N = e 2
S & S &

@
S

DPPH radical scavenging (%)
™ w - o

-
=]

]

Fig. 4. Comparison of DPPH radical scavenging activity
UThe strain number is a strain with high acid tolerance
and bile tolerance.
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Fol RS Ay R HAFom oz

LGGY AU R&eS 1%E B3 o 2%
2FuTHoF 6] B2 A HA5e tehglon, 12
¥, 179 0 2291 FRE dEEc RS A 24
2 e BelstackEig. 5). oo, aRurt &
= 3
S

AU RS e A7 459 25, 2R
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Intestinal adhesion ability(%)

LGG 2 12 17 22 40 44 49 52 53 54"

Fig. 5. Comparison of intestinal adhesion ability
UThe strain number is a strain with high acid
tolerance and bile tolerance.

3.4 85

Hydroxyl radical @/d4t4 gtojzd FollA 3kt
o2 7P wk3/del A A ARSEE ZHAISKAL DNA &
Ae FAY EQHoIE fdste 228 498A AL,
A9 AL oA A== AE Q] ke oIY Tt
ABSlea7t Fe+t Cu'+ o]29] 24 3ol A A=
71 E4Jo] 733} free radicale]th22]. olzigt wko]
ROS7} AH51d AEFHAE op7|sto] AW 5= 6t
11 o] 2 Qlste] Z1F Aol eEE o] o]& odsh= o
AELEZ s A AqEo] JF=L UeH23).

¥<o|&# macrophagelt mast cell 529 W&o

1=

29
100

95
61

BR301

A ABd bt AsAgEdo] Fojsk= 4H
Q1 IO 2 A, o] F macrophages HEH ¥
Wj7RE<R] NO (nitric oxide)g/gol gttt NO= &
A 2 THdES BRSOA L-arginineSZFE iNOS
(inducible nitric oxide synthase)oll 23} =k 234
= 38 ST = Aog dEA Qlrt. 2 A
Aol A= WA, WEE/do] =38t 1089 A&
olgste] FASE Hlwstled. AEE 105 +45 5
6&°] tix+l LGGE 95 A a7t 99k &
QI5ttk(Fig. 6). ol& EUZ FFH3 2, 22, 40, 49,
52, 532 @Sl A} lrkal ddE o] o]F o] &%t
DRHP|REA AFS TE F 9IS Aozt Az

Q]
=

)

T

= B 3 ™ w
=1 o 5] G s

Nitrite oxide concentration(mM)

NC LGG 2 1217 22 40 44 49 52 53 54"

Fig. 6. Comparison of intestinal adhesion ability
UThe strain number is a strain with high acid
tolerance and bile tolerance.

Lactobacillus onis DSM 4864 (AZGE01000048)
Lactobacillus antri DSM 16041 (ACLL01000037)
Lactobacillus panis DSM 6035 (X94230)
Lactobacillus frumenti DSM 13145 (AZER01000001)
Lactobacillus vaginalis ATCC 49540 (AF243177)
Lactobacillus pontis LMG 14187 (Al422032)
Lactobacillus cavae MOZM2 (KT343143)

100'— Lactobacillus reuten JCM 1112 (AP007281)

L

DSM 17896 (JQBW01000001)

L

is DSM 14060 {AZEW01000320)

{LMOMNS ah R54 (HQ718585)
Lactobacillus ingluvier DSM 15346 (AZFK01000041)

$32 (AF126738)

DSM 16045 (AZFN01000048)

Q DSM 18793 (AZGC01000017)

L CECT 562 (AJ575812)
Lactobacillus gonllae K201 (AB904716)

Fig. 7. Phylogenetic relationships between
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Table 2. Inhibition spectrum of Zactobacillus reuteri BR301

Indicator strains

Antimicrobial activity

Bacillus spizizenii (KCTC 2189) ++
Candida albicans (KCTC 7965) -
Escherichia coli (KCTC 2571) ++
Harmful bacteria or diarrhea-causing bacteria
Escherichia coli (KCTC 1682) ++
Pseudomonas aeruginosa (ATCC 9027) +
Staphylococcus aureus (ATCC 6538) +
Bacillus cereus (KCTC 1013) ++
Bacillus sphaericus (KCTC 1184) ++++
Enterococcus faecium (KCTC 13225) +
L. ivanovii subsp, ivanovii (KCTC 3444) +
Listeria monocytogenes (KCTC 3710) +
Food harmful bacteria Streptococcus mutans (KCCM 40105) ++
Enterococcus faecalis (KCCM 12117) +++
Escherichia coli (KCTC 2443) +++
Shigella flexneri (KCTC 2517) +
Shigella sonnei (KCTC 2518) ++
Micrococcus luteus (KCTC 2177) +++

Activity was expressed as the diameter of inhibition zone against each indicator strain. Degree of clarity of clear zone by growth
inhibition: -,no inhibition zone; +, below 10.0 mm; ++, 10.0~15.0 mm; +++, 15.0~20.0 mm; ++++, above 20.0 mm.
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