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Abstract

Genus Bifidobacterium is known to be beneficial gut bacteria, and some strains of Bifidobacterium
are being used as probiotics. To find lactic acid bacteria (LAB) that produce Bifidobacterium growth
stimulator (BGS), which promotes the growth of Bifidobacterium, we used 733 strains isolated from
kimchi for BGS screening and selected strain K748, which showed the highest BGS activity at 320
AU/mL. The strain was identified as Leuconostoc mesenteroides by 16s rDNA sequencing, and the
strain was named L. mesenteroides K748. BGS activity increased from 12 hours after incubation
in MRS medium, reaching maximum activity (320 AU/mL) at 15 hours and maintaining that activity.
The ethyl acetate extract of L. mesenteroides K748 culture supernatant promoted the growth of
Bifidobacterium longum, and HPLC using this extract revealed a peak with the same retention time
(7.5 minutes) as 1,4-dihydroxy-2-naphthoic acid (DHNA). LC-MS analysis revealed that the DHNA
and ethyl acetate extracts of L. mesenteroides K748 had the same molecular weight, 204.1. Overall,
it is possible to conclude that L. mesenteroides K748 produces DHNA that promotes the growth of
Bifidobacterium.
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M E

QIZH] Aofli= °F 1002 o] i uBE AZ7t AAlskal QloH, o2 Firmicutes <2,
Bacteroidetes =, Actinobacteria &, @-Proteobacteria &= 5°f 3JZ3HHDoré and Blottiere, 2015;
Khanna and Tosh, 2014). ZU] n]¥E F-&2 Solo] St we A o F3& ojF 7,
A folize] /i 29 Az Walse, ol 9% el WA o), w3k £
1_@,, AEFA 5 -2 2919] FgkS Y=t Meyer and Stasse-Wolthuis, 2009). HHAE _T’_X]
D555 409} 20 A7 AR U S A, B W 52 A ool 2
92 e, ol Q] o1, . T a1 B AL B AR 4 A%, 40
FRE3} B W U AT A8 Sol ATt W, 3 47 A5 2 AP, 12
HRO|QEA 43 Fo= Qlsf AU frelwte] S7IsH Ul nldEE 78S oIFL AxtolA A
St o] AFe 4 YrhKim, 2013; Knysh, 2019; Nagpal et al., 2014).
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ZX|M 22]5t Leuconostoc mesenteroides’t AAtGk= Bifidobacterium A% A= 29 22| 2 EN

22, ) o] ot B4do] ool et menjo]oEls 3 Maulo]9ElA0] ABo] %
le1L 9ich. Zeloloel A g kg AR v, SIgiolA A o3 Fie Aolols 5l
=2 HEH, YHEH O Z Lactobacillus <5, Bifidobacterium 450] ©]0]] £3HKIraporda et al., 2019).
zelsjoloElat mavloloEAe] 44 9 BES FESK HATH] AF 4Ros dqudos
olis?l, TS M(FOS), ZESTHGOS) 5L Eeich AjoloElae mavoloE)
20t mEHpo|RHAS AT AFE HE 9 HIFACIH, Bifidobacteriumt THESTIG,
Lactobacillus rhamnosus GG} o592 Aget 2L d& & 4 AHGourbeyre ef al., 2011; Pandey
et al, 2015), FAEo|QEAL TR0l oElA0] o5} A4 9 BulEhe UNE B RuER
4, 9 9 elol, 714 SHAXASCEA), ekl B, Hlekel K 5ol Qe Aguilar-Toals
et al, 2018). TRHo|QE|A0} TAENIO| QAL ) pi 7h4, TEEH A, A e 3,
HYA 24, B4 wjAlzE 52 B9l BYA v A 2 A& AL ridE v
FRHOR MBI, B, W] B4, G W jH, W 2SI 5 AR SofRt
A5 YeRlth(Iraporda et al., 2019; Meyer and Stasse-Wolthuis, 2009; Piqué et al., 2019).

Bifidobacterium® A} TS 7% % 7§ So)dt 202 QAET Qlon] WYy T
29748, ulebel BE A, SRS M B3, He] 27, 959 5 U o 2102 YA
QJth(Jung et al., 2020; Park and Ji, 2010; Vitellio et al., 2019). B. bifidum BGN4 & B. longum BORI
9] AF Al Esisol oL, Yot A ofl 5 Rl 28 A9 AAksHA] ghod, =4 74
AE 7HRA] G=ri= 17t QL OW(Kim ef al., 2018), B. longum BB5369] 7% AW A 24
4 e 27| s 7= AoE HUEAHWong et al., 2019).

Bifidobacterium < w9 A4S A=FA7]E TEjHlo| QEIAE Bifidogenic growth stimulator
(BGS)RHL $:20, 29 9 55 0] 3k c7FIR), 7olnlolzetol=, thago] 43}
= ofisel, 22 70] 3l FOS, GOS, 2hlieon, Aebles SER0A Hongso] 4o
= FEE, FH+=Fo] &£5M= 2-amino-3-carboxy-1,4-naphthoquinone (ACNQ)Z} 1,4-dihydroxy-
2-naphthoic acid (DHNA) 502 E538 4= QIcH(Nagpal er al.,, 2014). ol&d 4 21 719t
HA<= Bifidobacterium < w152] /g L B, WEE SV Y= HIX2UChoi and Shin,
2006), FOS 9 GOS7} &3 vjR|ollA] Bifidobacterium & w55 BN W, Bifidobacterium®]
‘g7gol oA o= 712 0 (Sims and Tannock, 2020), FEZQAE - AFSE Q7] diHHo
A Bifidobacteium 9] #4=¢} H|&0] Z715199the A7} g Hf Qitk(Sakai ef al., 2019). ©]F]
o AFE v o oY ¥ ¥ 1YY} 2 TEjHlo]| QElAE WA ARiZ s w7} HI 9l
ot =7 BGSQ ACNQ % DHNA® HaA5olA fefle fribkadoll A Ak leke A 297}
o BEQdct 1 o2, ACNQE X204 B&|3t Propionibacterium fireudenreichii 7025(Mori et
al., 1997), DHNA:= X =0l 2|3t P. freudenreichii ET-3(Isawa et al., 2002), Lactobacillus casei
LP1(Kang et al., 2015), Lactobacillus plantarum LP2(Kim and Moon, 2015) Sof|A] AjA= i &
A 910w, 4 TEEo]H DHNAZH FEEP1%E SHickEom e al, 2012)

@A), Bifidobacterivm *§% A5+S YR BGSSH TE e 97} Hus|m glout, 14
FARES o83t Ak BESH Aot 2 AFte fARS B8519] Bifidobacterium % w2
S ol HHE 2R 319125, Bifdobacteriun 4] AT BOSE A $4HES

o
=9] AE TARAFR] AAeIM E2fslal, 1 B4 et etk
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1. Mz & LY

i 24
A 3 ARk 7S A 2158 ket 22l ARSI AA=EE B S)4ste] BCP R

B R](20 g tryptone, 5 g yeast extract, 4 g NaCl, 1.5 g sodium acetate, 0.04 g bromocresol purple,
15 g agar per liteno] S5 30COIA 24417 vjeysieick. e B2 SR M2 MRS
9] ¥X)(BD DifeoT™, USA)S] HE5ke] 30T 2447F HoRet 3, @ W o Ach sioeloi,
80% glycerol stock2 A|Z3lo] -70Co| EuU35Iict

BSG A4t RAF 4

MRS HA| #jZ|of| 30T, 24A17t viRt == viFHS AHE2]7](1730MR, Gyrozen, Korea)&
o3l HHE2(14,000 x g, 3 min)sto] ASHTF Bl4=61]Tt. 3]t AF5HE 0.2 pm Syringe filter
(Cellulose acetate, Hydrophilic, Sartorius, Germany)E ©]-83f o¥}5}%11l, -70Co|A EstFct7}t
Asiol AH8313ick. BGS TA] & 258 AsP] s QA Eele 35 AEAS 0/83
A38YE AABIGT BGS B4 20| AHE 452 ARS-H Bifidobacterium longum subsp. longum
KCTC 3128 (oJ3}, B. longum KCTC 3128)= BEAUAME(KCTC)o)A Hopiioh, RCM 94| %]
(BD DifcoTM, USA)O] HZs}0] 37C oA 24A17F 591 E7]&(BD Gaspak EZ™ Container Systems,
BD DifcoTM, USA)Q 2 Hjjefslo] Aol ARSI

238]d2 Kouya 52 W WL SPuiRe4bg o & 21of| A4 Z135}31ct (Kouya et al,
2007). B & 23] TPY $EA HiA|(30 g glucose, 8 g trypticase peptone, 3 g phytone peptone, 5
g yeast extract, 2 g K,HPO,4, 3 g KH,PO4, 0.5 g MgCl, - 6H,O, 0.5 g L-cysteine, 0.01 g FeSO;, -
7H,0, 15 g agar per liter, pH 8.5)°l] 108] 3413} B. longum KCTC 3128 YRS 1% HZ3T the,
HEZFAO] 20 mLA EFslal 23] o] Btd 8 mm tAT(Advantec Toyo Kaisha, Japan)&
B 2] o] B A|eRoIet. 13} A3 oAl o A 8ul| 3l4sto] ARSI, 23F AT
oA olX8]4(2-1-2-8)50] ARESIITE 345 A5 HiA] FHof| HiAE 8 mm T{A 50
pL 253 3, 37Cof|A 2447t 529t @714 Biiefeto] HAA 919 B. longum KCTC 3128 74k
< &9l BGS &4 75 RISl BSG &/ F71= AAHRIAUYE AREstalon, 34t
HIEY 50 pLE 7HoI%ie W Agehs Ueldle 2L slAEieo] d42 A osieit:

ML Roko| S

25 AdE BGS AR 45 MRS WA HiX|o] 30TOlA 24A7F HiRRE F, HiFH
chromosomal DNAES- £-2]5}9{tt. Chromosomal DNAS] 16s tDNA gene 27f(5’-AGAGTTTGATC
MTGGCTCAG-3") & 1525r(5-AAGGAGGTGWTCCARCC-3’) primerE AR&5}e] PCR (T100TM
Thermal Cycler, Bio-rad, Singapore)® ZZ5}At}t. PCR< pre-denaturation (94C, 5 min) o
denaturation (94T, 30 sec), annealing (55T, 30 sec), extension (72T, 1 min)& 303] ¥HEal1, &
elongation (72, 5 min) £ 2 AP}t SZ5 16s DNA genes pGEM-T easy vector(Promega,
USA)°]| ligationd}1l, KCMH-& ©]&3] E. coli DH5¢ transformationg $t &, Exprep TM plasmid
kit (GeneAll, Korea)E ©]-83f| plasmid DNAE &3} DNA §7|A4F 4 A3Ps3T}. DNA
G7IAE BAL FARAENCOSMO Genetech, Korea)ol] 2]Z]5}31.0H, ezbiocloud (https:/www.
ezbiocloud.net/y& E-85}0] 5431t} API 50 CHL kit(BioMérieux, France)S 0]-8-3]] 4959] Bk
slEo] dieh s RISkl A B viwdS Farstelar, 7ieks] Ashd ot Atk
2E AL #55 MRS B HiR|of 30T, 24417t iRt &, uiA] EHO Y I)asio]
Suspension medium 2 mLof| HEFoIITE. HERSE +H-S- Suspension Medium 5 mLOJ| nil2 47}5}o]
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2 MeFarland §1} EHE2 ]33 %, API 50 CHL medium®] 204 g55ke] 180 A83}eick
FUE ARE AEYQ] FHo| BXsle] 37C, 447 B 48ARE o 5 2

BSG il-klil‘l

= AYF =2 MRS 9] wiR|o] AZst _—r?—_ CollA vigsHA] UV spectrophotometer
(UVmini-1240, Shimadzu, Japan)S ©]-85}0] 24A|17F 59t 3AI7F 7HH O 2 600 nm TPolA S804

ZA61% o, YAE]7](1730MR, Gyrozen, Korea)E 0] 25 YAIEE](14,000 x g, 3 min)olo] FF
A51S Sesleick. et A5 02 um Syinge filr 0] 89) ol 70Tl B
v} ALg31Th. Az AFS0le] BGS TS 23 Aol AL8E SHI SIS olgsiol 2
et

BSG &7} &1} &0l

2E AL 759 2% WG A5AS H7FE RCM A wix|o] mj2] wiFH B. longum KCTC
31282 1% HZE3Io] 37Co0A @714 vislEA] 15, 18, 21, 24A7H}E} UV spectrophotometerS:
o]-8351o] 600 nm2| Tl A BiFHY] SFEE STt FT5US F7IHA B2 B. longum
KCTC 3128 kRS thztos ARRsigith Ald Ayl 39 ke =45190m, IBM SPSS
statistics software 19.0(Statistical Package for Social Sciences, SPSS Inc., Chicago, IL, USA)S ARES
of EASIelth 544 foless SHREE T-H8E B30 p<0.052 HASIT

High performance liquid chromatography(HPLC)

5 AT #4FE MRS AF HjR|o] 30T, 24A17F vigsle] AAEE]7|(5810R, Eppendorf,
Germany)= 0]—9-0}01 YAEE(1,500 x g, 20 min)3+ &, 0.2 xm Syringe filterE ©]-&3] 5|3
A5 NS hexane, ethyl acetate, butanol <=9 & 2o AA E-&](supernatant: solvent = 1: 2)3} 1,
EEES 50T oslolA A3AUEZ=7](EYELA, Tokyo Rikakikai Co., Japan)E ©]-8-5}0] 53313
ok 555 AlRE ddH,00] 5isle] S8=E o83t BGS 24 Agol| ARSI 7FY w2 B4
< 59l il FEES o8¢ HPLC #£42 si3lo, &4 2702 Table 13} Atk 558 AlEe
methanol(HPLC grade, Merck, Germany)ol| &3fst & Algs|3ity. HEEEZL 1,4-dihydroxy-2-
naphthoic acid(DHNA, Sigma- Aldrich, USA)E AMESI0H, 5 == 0, 0.5, 1, 2 pg/mLE A|Z5}

STk FEEAL olgslo] AT ATTAS B3 AlRe] DHNA TS AISIC

Table 1. HPLC analysis condition for DHNA

Item Operation condition
HPLC system YL9100 Plus HPLC System (Young In, Korea)
TSKgel ODS-100V column phase C18

Column (4.6 x 150 mm, 5 pm; TOSOH, Japan)
Solvent A: 0.1% formic acid in water
Solvent Solvent B : 0.1% formic acid in acetonitrile
0 min (A 80%, B 20%) — 10 min (B 100%)
Gradient — 13 min (B 100%) — 15 min (A 80%, B 20%)
— 20 min (A 80%, B 20%)
Column temperature 40T
Flow rate 1 mL/min
Injection volume 20 uL
UV detection UV 254 nm

Resour Sci Res, Vol. 5, No. 2 | 75
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Liquid chromatography-mass spectrometry(LC—-MS)

FE A 7#59] BGS £ 15| Y8l LC-MS 242 AdP51.0n (Eom et al., 2012),
Mgttt Juto| 235717 IAIE O 242 Foith LC-MS 2712 Table 29 2t} 24 24
9] o] 23l= ESl(electrospray ionization) ‘S ARSI JolL3t HEg PHQlom, MS AHE
8.2 MRM(multiple reaction monitoring) =& ZIQI5}1c}. o] 23lof AREE ESI 272 thaa}
Z}: Nebulizer, 45 psi; gas temperature, 300T; gas flow, 5 L/min; sheath gas temperature, 250C;
sheath gas flow, 11 L/min; capillary voltage, 3,500 V; nozzle voltage, 500 V.

I, Za % 2

BGS it dF ME

2159 Ao 223t 703709] FAkE A5 o185kl BGS B/d2 15tk Kouya e
al., 2007). YA FHO| B. longum KCTC 3128 /g33to] TE=H BGS EAo] Q= 7oz B
242 Altslo] 160 AUML o3e] 43 Kol F 22719 w55 ALsigitt. 13h ATdE 227
T 5 7P ¥& BGS @S Hole 58 Agsly| fsf 22F 232dS skl 1L A=
Table 33} 2tk K748 F 320 AUMLE 23} ATE]Y 75 % 7F =2 BGS BAS Lpehct
K748 452 A3 217] 3= 80-160 AU/MLS] BGS A4S VElith wab, K748 455
2 A2 Aotk

MuFzo| 58

3% 52 AdE K748 459 16s iDNA F7]1AE 4] A= Table 49} At} K748 F5=
Leuconostoc mesenteroides2} 99% O’d2] FAMS B O, L. mesenteroides K748= -4 g5}t
ALY}, L. mesenteroides= A Ta 27| 379 Q8 AANKFO T, ESlER HE ZAL ofgkg, ojAt
Slebs, OM|EARS AAKSI= olEZAMEaFo|thung et al, 2012; Kim et al., 2005). E3L, L.
mesenteroides'= T2 Hafoto] Z2|oNA et gbs Fofoh= TUES BAlols 210 A4
Qlom, X 9 GAET} 72 wg AE9 AEMEE ARSI th(Lee et al., 2020). L. mesen-
teroides= mesenteroides, dextranicum, cremoris, jonggajibkimchii & 47]9) o}5-& 7HAl= Aoz &
A Q) O™(Chun et al., 2017), 16s tDNA F71X D &4 A1}, L. mesenteroides K748 L mesen-

Table 2. LC-MS analysis condition for DHNA

Item Operation condition

1290 Infinity II LC system (Agilent, USA)
6470 Triple Quadrupole (QQQ) LC/MS systeml) (Agilent, USA)

Column Poroshell 120, EC-C18 (2.1 x 100mm, 2.7 pm; Agilent, USA)

Solvent A: 0.1% formic acid in water

LC-MS system

Solvent Solvent B: 0.1% formic acid in acetonitrile
Gradient 0 min (A 90%, B 10%) — 0.5 min. (A 90%, B 10%)
— 7 min (B 100%) — 13 min (B 100%)
Column temperature 30C
Flow rate 0.4 mL/min
Injection volume 5 pL
UV detection UV 260 nm

Y QQQ LC-MS system was used for ESI (Electrospray ionization) of isolated compounds.
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Table 3. 2™ screening of BGS-producing LAB

BGS activity (AU/mL)"

Strain No.

24h? 48h
K321 80 80
K323 80 160
K345 160 160
K438 80 160
K440 80 160
K443 80 160
K473 160 160
K523 160 160
K560 160 160
K579 160 160
K604 160 160
K633 80 80
K725 160 160
K731 160 160
K736 160 160
K737 80 160
K738 160 160
K743 160 160
K744 160 160
K748 320 320
K783 160 160
K973 160 160

D The activity per 1 mL sample is defined as 20 AU.
2 Incubation time (hour).

Table 4. Identification of K748 strain by 16s rDNA sequencing

Strains Hit strain name Similarity

Leuconostoc mesenteroides subsp. mesenteroides ATCC 8293 99.93%
Leuconostoc mesenteroides subsp. dextranicum DSM 20484 99.93%
Leuconostoc mesenteroides subsp. jonggajibkimchii DRC 1506 99.86%
Leuconostoc mesenteroides subsp. cremoris ATCC 19254 99.80%

This data is the result of a search using ezbiocloud (https://www.ezbiocloud.net/).

teroides subsp. mesenteroides@} L. mesenteroides subsp. dextranicum 5 71X oF53} 99.93%2] 5L
St SAMIS YERA S API 50 CHL kitsS ARESHO] L. mesenteroides K7489] ©H8lE @S
EQIst A1}, L-arabinoseS ]88 4 QUAtt Bergey’s manualo| W2 mesenteroides OFEI}
dextranicum OFEE L-arabinoseol Al Z1ZF 9FAJ(+), 24(-)2 UERAT Y B 113k vF Itk Schleifer,
2009). wWebA L. mesenteroides K748 L. mesenteroides subsp. mesenteroides®] 717k 202 HQl

Resour Sci Res, Vol. 5, No. 2 | 77
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ok 18y 7]E AolA 22 ol o s ERE #5E9 BrdlE Has 4%E tifd] HH 16s
RNA §7|AF B2 53] L. mesenteroides subsp. mesenteroides= 573% KS-TN11 (Paray et al.,
2018), TA (Lee and Chang, 2016), YSM-14 (Chin ef al., 2006) #320] ER=31E o] 8% A7 Anfe
amygdalin, arbutin, D-cellobiose, gentiobiose, D-lactose]lA] KS-TN11 & YSM-14= FAS LERY
1, TAE= 248 YERATE Dulcitolof A+ KS-TN119F 984, mannitolof| A} TARE 94, salicinof|A]
TA, YSM-147} FAIS eI 3L sorbitol-2 KS-TN119F &4, D-raffinose= KS-TN11, YSM-14
oAl 9FA, potassium gluconate’= KS-TN11 & TAoA P& YERT) oje} Zo|, Z2 ofzo g
55 #5ete 38Y 4] vEA UERE o 7] el A9 54 23 16s 1DNA
FRARE o83t A71AE &4 2ol thE 743 842 B8t o) Eklo] V1= § EeT Zo=
A7t

L. mesenteroides K7482| BSG &4

L. mesenteroides K7432] 238 A1) w2 BGS A Fig. 19] LFERARACE viek 3AI7HLE tig
Z2]o] AR, w9 94]7F 0] o] Hx|7o =ESIITE BGS B SHuf RIS (Kouya ef
al., 2007)Z ©l-§sf ERIet A, v 0AZHTE] tig= S41717H4] 160 AUmML B/d2 AISHIH:
o} 0AIZESEE] BGS TS ek 242 Wopsolol 258 MRS M 4320l SJgk 5. longund)
% 37} 231 7Ks3 Rl 1 AR BGSF ol BRkElo] IS 7Rl o,
Rojgt 1S AL 27149 A7 Basteh 4A71el wlef 12412 ] BGS 2o 27}
sto] HloF 15412) O8] 2441707k 320 AUMLE $Y3 BGS TS SA51iEk Hief 04171
A HERt 24do] MRS /gl oIt B. longum®] A5 S7F Aaetal stE e v 15A17F 0] 9
BGS @4Jo| & 8 2715t AL L. mesenteroides?} B. longum2| A8-& Z71A7]= BGSE AJAHATH
= A& B}, Propionibacterium shermanii PZ-32] 7%, 47104 BGS E4Jo] 3715131,
A7) o]&F BGS 4ol SAE} O™ (Kouya et al., 2008), Bacillus subtilis C-31029]

4 400

> 320
34 -y
£
—
=
E - 240 s
o ., | 2
3 ? 2
(=] L g
O C O O - 160 -
7]
o
14 (a1]

- 80

0 T T T T 0
0 5 10 15 20

Time (h)

Fig. 1. Growth and BGS activity of L. mesenteroides K748 in MRS broth at 30C. @, growth curve
measured at 600 nm; O, BGS activity was measured using culture supernatant and the agar
diffusion method.



ZX|M 22]5t Leuconostoc mesenteroides’t AAtGk= Bifidobacterium A% A= 29 22| 2 EN

9= S5 2 T 7K AR ], BGS €/30] S7110H, |71 o9 vk Al7le]
ZoJAxE BGS A2 SAHActal B 1% QT Hatanaka et al., 2020). ©]} FANSHA|, L. mesen-
teroides K7482] /d730]l W& BGS B/% di7] F5F & AA]7] 2t S7Fsl7] AlZksi, A7
OVEl AEA RAT, Bl AJ7lo] AT oPFOR Sol BGS BHe] A4 ke
RS AoF difHrh

B, L. mesenteroides K748& 919} 2 271014 ©712] 0= HijfstH A7} 45942 3l
Sto] BGS 244 SRIRE A}, i 320 AUmMLS] &0 g ©7]4 7o)X 9] X BGS &/
FYoHA YeRATHEIole E3A)). Weisella paramesenteroides CINU 04809 -9 714 uljofRct
H7)4 wjgollA BGS AARFO] B =9kl (Bom, 2012), Propionibacterium acidipropionici JCM 6432
9 P. jensenii JCM 64332] 749= T7)4 vjgol|lA o =& BGS AAERS YERItKouya et al.,
2007). o]e} go], w=ruttt o BGS &4 UEh e AS 2710 t27] w0, L. mesenteroides
K7489] 2/c) BGS AR 912k 4 27io] ek 27} 277 WA Aoe Mtk

L. mesenteroides K748 B A5 7171 B. longum KCTC 31289] AAo]| Fgkg n)xj=%] &9l
SF7] Yol wijoFalo] S el s 2751900, 1 Ail= Fig. 29} ZAth L. mesenteroides
K748 HiJ 452 A7I5IE W, S8 S7501K IARPIAE Rol4Ql AfolE YErA] Qleke
W DARE ot daa MIANE W $olaeE 8ol R 20w et L
mesenteroides K748 ¥ 5= 7t g A 74205 SRIgH A 5192 die 641K
12417, 24171004 thzto]] Blsl w2 A5 UEIHAARE 244171043t F212] Q1 AlolE Liet
Wk 244100014 thi2te] s EolE 2108 m|Fo] Hol B. longum®] AFE7]0] HolE
AS BIQ1 2= Sl VIR, L. mesenteroides K748 T} Y5 A/S19E s 24X171oA] A
7} 235]8 Hold AL RIS 4= QUth ol L. mesenteroides K7480] AJAFsl= BGS &40 B.
longum®] 77k Y 02 FAT 5 9Ic A YT 1 641, 1A <]
Zjol= HOo|R] URARA|TL L. mesenteroides K748 BJF AF5NS H71HS W] B. longum®] 57}
71t 22, 778041 BigRE L. casei LP1 w522 Bl A5 M2 ©l-&-5to] Bifidobacteirum w72
Y oS U Hzae] 44 Aolsk v} 12412 olARE Lhektel At Skt Axtet @
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Fig. 2. BGS activity of cell-free supernatants of L. mesenteroides K748 for B. longum. (A) Growth curve from optical densities measurements.
(B) Growth curve from viable cell count methods. B. longum was inoculated anaerobically in 37°C RCM broth. @, B. longum KCTC 3128
only; O, B. longum KCTC 3128 plus K748 cell free supernatant. Two-way ANOVA followed by uncorrected Fisher's least significant
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difference (LSD) multiple comparisons test, *, p<0.05, =, p<0.01, ™, P<0.0001.
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BSG2| HPLC &M
L. mesenteroides K7482] W% A5M-S- hexane, ethyl acetate, butanol®] A =228 9 5=}
o], 37}x] |ud 2ZES 7k} H7K5to] B. longum KCTC 31289] A% 271 &3+ SRIsHh
(Fig 3). Hexane} butanol 238 A7F2olME Ta/kaat vlm3IRS o) 15575} 18Ao
$9159] 70| el Qgkort 2141t MM SHOE Z7tek et BEE
2w} AFSNE 7R 490} vl u 15A171} 2441710]] FojF o= T} WA e
U BGSY] 55837t Qe ACE AlmHt §HHOY ethyl acetate F+E5< 79 W 2e
ARFROIA 53] 2 B do S 7Rt B9et BlwsigE W foldor 7 v ST
£ Yehfo] BGSY a3 = AoZ ERIESIk
SHAlRIZAP (Kouya ef al., 2007) B3t Sl 3589 BGS B4 5% A= Table 59}
2tk L. mesenteroides K748 AF59 100 mLE £3] 9 7% 5= &, ddH,0E ©|&3] 5 mLE
A85lo] Aslo)] ARESIH O, hexane, ethyl acetate, butanol 3&E9] BGS AL ZIZF 160
AU/mL, 2,560 AU/mL, 640 AU/mLZ YElgTt o]E 59 ethyl acetate F+==2] BGS 4o 714
=2 Ao I, ethyl acetate 222 HPLC HAof ARSI
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Fig. 3. BGS activity of organic solvent extracts for B. longum. Each organic solvent extract was
prepared from the cell-free supernatant of L. mesenteroides K748. B. longum was inoculated anae-
robically in 37°C RCM broth. A, B. longum KCTC 3128 only; O, B. longum KCTC 3128 plus
K748 cell-free supernatant; M, B. longum KCTC 3128 plus hexane extract of K748 cell-free
supernatant; @, B. longum KCTC 3128 plus ethyl acetate extract of K748 cell-free supernatant;
O, B. longum KCTC 3128 plus butanol extract of K748 cell-free supernatant. IBM SPSS statistics
program was used to analyze the results. Means with different letters are significantly different at
p<0.05 by Duncan’s multiple range test.
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Table 5. Comparison of BGS activity of cell-free supernatant extracts by solvent

Sample Volume zsif:’ Zillf:; Purification Total actzi)vity Rec;)very
(mL) (AU/mL)" fold (AU) (%)
K748 supernatant 100 320 - 32,000 -
Hexane ext. 5 160 0.25 800 25
Ethyl acetate ext. 5 2,560 8 12,800 40
Butanol ext. 5 640 2 3,200 10

D The activity per 1 mL sample is defined as 20 AU.
? Volume (mL) * Specific activity (AU/mL).

Propionibacterium freudenreichii 7025 @57} AJAeH= ACNQ2] -2, ethyl acetateo]A] 2ZE|9]
3!(Mori et al., 1997), P. freudenreichii ET-3 w57} AJAFol= DHNAQ] -1t ethyl acetateOl| 4] &
SIIth= A} B uE|ickIsawa ef al., 2002). DHNAE 71, 2HAe], (=2 53} 7ho whg A&
el fARTol A EeElst A9t o EuE v Q1] w0, o]& ETR L. mesenteroides K7480]
A BGS 2o] DHNAY 7Rs4o] Bt Z25o] DHNAZ E2E24% AHSaH

L. mesenteroides K748 A5 M9] ethyl acetate FEES HPLCE o]&3f 243t Zil= Fig. 49}
2t} 3352291 DHNASL H|wsto] ethyl acetate &=} 108 3]43) ethyl acetate F+==0A]
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Fig. 4. HPLC chromatogram of cell-free supernatant extracted with
ethyl acetate. A, standard DHNA (2 ppm); B, ethyl acetate extract
of L. mesenteroides K748 cell-free supernatant; C, 1/10 dilution
sample B.
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Fig. 5. HPLC-UV spectrum of cell-free supernatant extract with ethyl
acetate. Measurement was carried out at UVysy o A, standard
DHNA (2 ppm); B, ethyl acetate extract of L. mesenteroides K748
cell-free supernatant.
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spectrum 2= Fig. 59 200, 254 nmoflA] 2745111, DHNAS} ethyl acetate 2204 FARE
AHEHL 20151tk DHNAS} ethyl acetate FEE2] HHEGSITFH A ) 263 nm L 261 nm=
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SF7] Yol LC-MS 442 Aot

BSGS| LC-MS &AM
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ethyl acetate &= LC-MS E45130t}t. DHNA B4 58 I5F 44509 retention time
oA BZE Yerion, sig H=o] MS AHEY Aik= Fig. 63 Lt Jol23t HEg SQIgh
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DHNA+= H[U=(H]E K2)2] 71 AtAlolH, WuF=2 HE2|or FA oA HAPdEA]
& AgsH 524 Al 2 2R AB0A FE EAEE Ao® dA UtH(Chen ef al., 2013;
Myneni and Mezey, 2017). DHNAZ} H7Fd ZESE ®Q1 TP HHFS o, EHoA
Bifdobacteriun®] A7k 02 71T, A T FRE AN & ke Rt
QI tH(Nagafuchi et al., 2015). DHNAE= BGS H& Qlo|| Helicobacter pylori®] 3% 2A|(Nagata
et al., 2010), PHES 7H 0RA0A Lactobaillus 2 Enterobacteriaceac®] 315 9 2&5H4 &A4f
7I4(Okada et al., 2006), FHSE APRIE7IQ] 2HZ 53 BF ¥SHOkada er al., 2013) 5 |
4 EHE e Aoz el it
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Fig. 6. LC-MS chromatogram of cell-free supernatant extract with ethyl acetate. Measurement was carried out at UVag nm. A, standard DHNA
(0.2 ppm); B, ethyl acetate extract of L. mesenteroides K748 cell-free supernatant.
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U DHNA7} AEER] &2 L. mesenteroides w0l DHNA-CoA synthase®]] Sf@ol= menB -4}
£ IHHAFHES o] DHNAS] AJAto] frEth= 117} It{Eom and Moon, 2015). WahA L.
mesenteroides K7480] 7}X+&= DHNA AJAto]| Tojsl= FARE 4513, o5 E-83H1H DHNA
WA BN 5 e Ao Amar

V. @ &

Bifidobacterium -2 A §old02 AdeA oW, Bifidobacterium®] YH H5= TZH[O|Q
ElAg ALRE| T Q). Bifidobacterium®) 7S 2RS= Bifidobacterium 737 A=A|(BGS)S A4k
She NS 2] Sl ZR[oA Eefgt 7337] F5E IO BGS AT dS Al 320
AUMLE 7Fg %2 BGS B4 HQl K748 #52 A5t o] #5%= 16S DNA ¥7144
EXO0 7 L. mesenteroidesZ SRIE| Q11 #59] 0|52 L. mesenteroides K7432 HH}A T} BGS
AL MRS BiRIOIA BioF T 12A17HE] Z71sl0d 15A1710]] Zof 24(320 AU/mL)o] =311,
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9] A2 2AF o, o] 2EEZS ARESH HPLCE 1,4-dihydroxy-2-naphthoic acid (DHNA)Q} 5
St A& AZH7.5E)YE 7HA T35 YERATE LC-MS 54 AT}, L. mesenteroides K7482] vl AFG
Aol ofHoA[EP|E FEE2 wARC] 20412 DHNA®L FYUSH| Uehdth ZE4o= L.
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