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Abstract

This study investigated the A-glucosidase activity of lactic acid bacteria and specifically
eleutheroside E and B from Acanthopanax senticosus after bioconverting them into
syringaresinol (SYR). Out of 125 lactic acid bacteria strains isolated from kimchi and
other sources, 46 exhibiting both extracellular and internal f-glucosidase activity were
identified. Notably, strains LFFR 20-011 (Zactobacillus curvatus) and LFFR 20-043/
LFR20-050 (Levilactobacillus brevis) enhanced SYR production by more than two-fold
during Acanthopanax senticosus fermentation. Further investigation revealed that SYR
significantly promoted osteoblast differentiation, as evidenced by the increased mRNA
expression levels of early and mature osteoblast markers, including Runx2, type I
collagen, and osteocalcin. These findings suggested that the enhanced presence of SYR
through bioconversion by Acanthopanax senticosus may improve bone health. These
results provide foundational data supporting the development of lactic-acid-bacteria-
fermented Acanthopanax senticosus as a functional food aimed at promoting skeletal
health in older adults.
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721 (Acanthopanax senticosus= 7HA QAT ZAxy Hel 9 HejE7]|g A A5}
I, g, S, G, BAlof BollAl AuiEE, v 78R, IEY, FAEHA, AAE LA
T OFst AWE dols Aoz & dEA QrH1,2]. 74T lignans(eleutheroside E),
acanthoside D, (-)-sesamine, syringaresinol diglucoside, friedelin, syringing, isofraxidin,
phenolic glycoside, g-sitosterol 5 2EHIE 9 HleF 5 st JEE0] ERIHAITHIG]. °]
% eleutheroside B(EB)} eleutheroside E(EE)= A (glycoside) FEN[7,8]2 EAok= 4
FEOEH, F-2RIH9,10], H=E & 9 AE A0 tigh A3=[11,12]12 BRIk Hars
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v} et 7w 9] 7]5/3E SAIA717] 8 AR HACIY MATARIE A7 EaE Alxsto]
ojo]l ot FAe} 9 KA BT a5 AAEHACU13,14], 7P 4w 0] £ HigA|9] S4&
EPACR Sl euo] 0 ElA o] raodf tieh = = vl7E @it Syringaresinol(SYR)
< o] ZA=A] &2 stet2]l Fe=A EB9} EEO] BT Aoz EAchY, iAol St
SYRE ARRIAEFH| 20 ot w15} 7154 [15,160] | F9S(17,18] & B Es0] Hi=L
of, A& BedTE B U AYEALE] fdo] dSEAL S

B-Glucosidase:= B-D-glucosidic 2%+ 7Ieidlols a424 vigA] 9 22| S 235t
Tt FHAANY B-D-glucosyl Z71E #afsto] HIgFES APROTM, AF, I=, AT 2

SHE ARIoIA Fa3F 9 SIt}19]. AE E°] B-glucosidase T4 EAo] = Lacti-
plantibacillus plantarum GS1002 stevoisideZ rubusoside® HFE &= Q7] wj&o] #u]-2-9]
da71es B9 8249 rubusosided 4Kt 4= Qlo] A& |&(bioconversion)S S+
o= A{S 4= 9lom[20], Yok B4 BAE ASls| Sl Aok mEHlo] EIAS sl
o] BRs}

olo] & A= B-glucosidase B 717 ZEHPO|QEIAS AEstal 7IA 4T 225
IaE 33 SYR B2 SN &= e 5

vreloen Mz 71s/dE AAstaLAr et

M=z 2 U

1. fikd 22 I B
1157] HAFEA, 2, 5 3t 2F Qo] A5, 2do], 1dilEF 4] 54 14, 284t
(5 A2 =g 29), A4 ARt =2 Ua 4E1] Saverkaut2 5 F 12559 frilds

Bt 8ARFE Lactobacilli MRS Broth(Difco, USA)YS ARES}Io] 36TCofA 24417 =<t
A BjFHS 28319t i SR A glycerol(Junsei Chemical, Japan)S E-835}0]
-80CollA] B3 7153t stock FE|Z FH[oF L, o] TS IS AX £ Aol -85t

2. B-glucosidase &4 T3 22|

0.3% esculin(Sigma-Aldrich, USA)# 0.02% ammonium ferric citrate(Sigma-Aldrich)7}
7714 Lactobacilli MRS(Difco) 3 vix]o] #5258 4Eoto] +Fotoirt. 10 pLo] LAB HigFdHS
op7} Ejo|EQ] A7 o] HEste], 37TolA 48417 vikstoiTt. HE F-9] FHoA H2
Aol 3 FATE EFEL B-glucosidase] EAo] UL YEhE Aog 71 ch

3. MIZ 2| B—glucosidase & =4

Al 9] 54 B4 S8 2ol 36ColA 24417t vigst 5 HilEe]ste] e i FHSIH
t}. 714 892 p-nitrophenyl-B-D-glucopyranoside(Sigma-Aldrich)S sodium acetate/
acetic acid(Junsei Chemical) (50 mM, PH 5) &5l 5 mMo| HE= &5fsto] AR8st3ict
714 894 30 pLof| F=ollA Ejgt A5 HE 30 pl H7Fste] 37Co] 1087 §R&38t %, 0.5 M2
sodium carbonate(Sigma-Aldrich)E ARE5lo] 4RSS AR AFTE AAE p-nitrophenol
Fr= 410 nmollAe] FFEE S795190, B4 42 3709 pH 59 2704 1+ 59t 1
pmol2| p-nitrophenol& A/Jsk= &40 Fo=H Lehfoict.
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4. MIE W B-glucosidase &4 =X

Al W 84 B3-S sl 36TAlA 24417t vidRt 725 dalEgfsto] B2 pelletol] 700 L9
50 mM, pH 5 sodium acetate/acetic acid, Junsei Chemical) ¥ZFdLE ¥ & 0.2 mm
stainless bead 0.25 g& Yot #47](taco™Prep Bead Beater, Taiwan)E ©|-&3] 3& &<t
TSt 16,000% gl 4T, 1589 2702 YAEEE AAlst] A5dS d2 & AlxE 9
BT 4 S ARSIt

5. 7N ZI| FZSUFE HX Y HPLCE 0|8gt FFZ9 syringaresinol & 53
B-glucosidase Y73 FAkFQ] SYR B4 B3E &RI5k7] sf 2%, 5% 7HA| eZw] Figo] &gt
= MRS HiAE Hl6kL, autoclaveE ARGl I EHS XYoot A4 £
U= MRS iR 1%= FEg T 36C, 3%, 5¢ &<t A HFstoint. i & 242,000
xg 4T, 1083l ASHS 5t & 1AS Az =2rtE 189 (high-performance liquid
chromatography, HPLC; Agilent 1100 Series, Agilent Technologies, USA)S &-&3}o] Zhao
59 wholl W} SYR 9] &Rk E4951%0tH21]. H82 Capcell Pak(C18, 5 xM, 4.6x250 mm;
Shiseido, Japan)& °ol-8st%.oH, A7 k= 30CE A5k, o]e/de] 22 acetonitrile
10%(0), 20%(@B%), 30%(13%), 70%20D), 742 1.0 mL/min= FAISIRLH, ARFUTF
10 pl2 si9th a=ntE e yv gdE(UV/Vis Waters 2487 Dual A, Absorbance
Detector, USA)E ©o]-€3l9] 220 nm TFolA HEFH L)

6. MC3T3-E1 MIE HiY, WEE 3! 28l K

oA S8 ZZAE MC3T3-E1E ¢-minimum essential medium(e-MEM, no ascorbic
acid, Gibco, USA)°l 10% fetal bovine serum(FBS, Gibco) ¥ YA 1% penicillin-
streptomycin(Gibco)& F7F5t] 37T, 5% CO, 2719] && vig7|ol|A] viFstoict. vixl= A=
7} 70%-80%°1 °15 w7tA] 2-3%utch WA QITE MC3T3-E1 ZZA130] Ttk SYR 9] Al 54

L =4 9718 B35 99 96 well plated]] 2x10* /em? BE2 FZEs, 37T, 5% CO,
& Hig7IoIA 24417 vigRE $ SYR 1, 2.5, 5, 10, 50, 100 xpME F7Fste] 24 9 48417t
ot HijslYlom, A|LEAIH = tetrazolium compound [3-(4,5-dimethylthiazol-2-yl)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt] MTS E40&
ZA51ct. ARAR] 2 &2 et 10 ul EZ-Cytox(Dogenbio, Korea)Z Z+ wellol] 715t
2A17F Bligste] ¥3-A171 & plate reader(Synergy HTX, Biotek Instruments, USAYS o]-&5}o]
450 nmoA FBEE SHoIoT. RIAE B3t 2 H35E fkst] fsh ARl 50 pg/
mL ascorbic acid @ 5 mM B-glycerol phosphate < A75F EsPlAE A Zslo] 24 7HE8072
WAl 7Y B B3k fEFh

7. Alkaline phosphatase (ALP) staining

MC3T3-E1 ZZAEe] thet SYRY] &3} 9 A3]5lE 36| 95fl alkaline phosphatase
GG ARt AEES 24 well plated] 2x10* /em? HEE HE310] 37C, 5% CO, &%
HiF71oll A 24417 BljFst =, E3hR|9t § SYR & Afoto] 3t R 7Y Fo ZF AEE]
AZE PBSE 33] A|H3t 3 4% paraformaldehyde® 187F 745190t} PBSE 2W A3t 5,
2h B9 Bt SR04 BCIP/NBT tablet(BCIP-NBT; B5655, Sigma-Aldrich)& o] A%3t
solutionZ AlEo] F7}ste] 108 <t AANA BRSSI3TE. ¥hgo] £ BCIP/NBT solution
< AASKL 0.05% Tween-20= E32t PBSE F7Ist0] @< Bl Al A0] ¥islks wolql
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ok MC3T3-E1 A|EY] #3} §98 SIs] Sisto] v]£8} 2 contro) @ B BASIL

8. Real-time quantitative PCR =

MC3T3-E1 ZZANZE B8RRI} & SYRE 1, 3, 7¢ &% Aot} Al29] RNA &2
&l PBSZ A8 & QIAzol lysis reagent(Qiagen, Germany)E ©]-83519] total RNAE $&3}
Act. RNA 5== BioTek Take 3 plate reader(Biotek Instruments)& ©1-851%] 5=} &5
slolslgitt. &% RNAE cDNA 42 95to] 1 kg9 total RNAZS reverse-transcriptase@t
oligo(dT) primerE ©]-&3t cDNA synthesis kit(Biorad)E o|-&3to] JHAF 8- A5t
JE cDNAE 100 ng®] 5== 345t 1 plofl Luna® Universal qPCR Master Mix(NEB,
USA) 5 pL, B4 §AA mLelo|HE forward/reverse Z¥2F 1 pl, €1 AF Bo7} 10 pl 5=
nuclease free water2 st & 3R AU (real-time polymerase chain reaction,
RT-qPCR)Z AlF5tt). B 242 95CollA 10&, ¥4 (denaturation) 8- 95T ollA 30%,
Z%Hannealing) §+8-Z 60TOIA 30, 72TC0llA 30&1t 405715 SHEEoIlth A 93 gz
Hhouse-keeping gene)> GAPDHE ©]-835}3itt. Zete]™ A H(primer sequence)} Table 1
3 2t

9. 34 &M

A A9 Hloe= Bt #EEAE Yepfiglon, ZF A 7 §-o)4dof tiet SAE 242
Two-way ANOVA 3] Sidak's multiple comparisons testol] ]3] A543, p<0.052] FH&
BAA F8S HEd= A= 1EESIth

2 1t

1. HSLSAE [ 2F 22l ¥ B-glucosidase &Y #F M
721 U A3} fANE 22 E flof TRt Al WAl ® gheoldl SA4H A

of A& ARESIYTE 4E 7 Az gAE o R FAste] MRS 1A HiA|o] HESH &, 2
et Fejet A 5ol Adolgt 125718 #efstlor, B-glucosidase /8 7HL = o
AESE] ot Akt TH AAE E8519tHTable 2). 8-Glucosidase &40] = 455 144
o2 A7 Yol esculine 371t MRS XA HiXE Akgste] E4<S B7IgH Aot ool whet
2] 7|9} wiR|e] A WHsE HEA UEem, 36.8%° sfEohe 46719 wEolA 8-
glucosidase 2“Jo] HA=|QItHFig. 1A, Table 3).

it

ofr
oK

=
Z

Y7k

[
N
1 1%
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Table 1. Primers used in this study for qRT-PCR

Primer Sequence (5-3')
OCN Forward: CAGCGGCCCTGAGTCTGA
Reverse: GCCGGAGTCTGTTCACTACCTTA
Runx2 Forward: CGCCCCTCCCTGAACTCT
Reverse: TGCCTGCCTGGGATCTGTA
Type |1 COL Forward: GTGAGACAGGCGAACAAG
Reverse: CAGGAGAACCAGGAGGAC
GAPDH Forward: TCTCCTGCGACTTCAACA

Reverse: CTGTAGCCGTATTCATTGTC
Osteocalcin (OCN), runt-related transcription factor 2 (Runx2), type | collagen (Type | COL).
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Table 2. Isolation and cultivation of lactic acid bacteria from fermented foods

=
o

Sources

Strain ID

Strain

Culture condition

Time (h) Temp (T)
1 Dongchimi LFR19_001 Latilatilactobacillus sakei 48 37
2 Dongchimi LFR19_002 Latilactobacillus sakei 48 37
3 Dongchimi LFR19_003 Latilatilactobacillus sakei 48 37
4 Dongchimi LFR19_004 Latilactobacillus sakei 48 37
5 Dongchimi LFR19_005 Latilactobacillus sakei 48 37
6 Dongchimi LFR19_006 Latilactobacillus sakei 48 37
7 Dongchimi LFR19_007 Latilactobacillus sakei 48 37
8 Dongchimi LFR19_008 Latilactobacillus sakei 48 37
9 Dongchimi LFR19_009 Latilactobacillus sakei 48 37
10 Dongchimi LFR19_010 Latilactobacillus sakei 48 37
11 Dongchimi LFR19_011 Latilactobacillus sakei 48 37
12 Dongchimi LFR19_012 Latilactobacillus sakei 48 37
13 Dongchimi LFR19_013 Latilactobacillus sakei 48 37
14 Dongchimi LFR19_014 Latilactobacillus sakei 48 37
15 Dongchimi LFR19_015 Latilactobacillus sakei 48 37
16 Dongchimi LFR19_016 Latilactobacillus sakei 48 37
17 Dongchimi LFR19_017 Latilactobacillus sakei 48 37
18 Dongchimi LFR19_018 Latilactobacillus sakei 48 37
19 Dongchimi LFR19_019  Staphylococcus haemolyticus 48 37
20 Dongchimi LFR19_020 Latilactobacillus sakei 48 37
21 Dongchimi LFR19_021 Latilactobacillus sakei 48 37
22 Dongchimi LFR19_022 Latilactobacillus sakei 48 37
23 Dongchimi LFR19_023 Latilactobacillus sakei 48 37
24 Dongchimi LFR19_024 Staphylococcus hominis 48 37
25 Dongchimi LFR19_025 Latilactobacillus sakei 48 37
26 Dongchimi LFR19_026 Latilactobacillus sakei 48 37
27 Dongchimi LFR19_027 Latilactobacillus sakei 48 37
28 Dongchimi LFR19_028 Latilactobacillus sakei 48 37
29 Dongchimi LFR19_029  Leuconostoc mesenteroides 48 37
30 Dongchimi LFR19_030 Latilactobacillus sakei 48 37
31 Dongchimi LFR19_031 Latilactobacillus sakei 48 37
32 Dongchimi LFR19_032 Latilactobacillus sakei 48 37
33 Coriander Kimchi LFR20-001 Latilactobacillus sakei 48 37
34 Radish Kimchi LFR20-002 Levilactobacillus brevis 48 37
35  Green onion kimchi  LFR20-003 Lacticaseibacillus rhamnosus 48 37
36  Green onion kimchi  LFR20-004 Lacticaseibacillus rhamnosus 48 37
37  Leaf mustard kimchi  LFR20-005 Latilactobacillus sakei 48 37
38  Leaf mustard kimchi  LFR20-006 Lacticaseibacillus rhamnosus 48 37
39 Cucumber Kimchi LFR20-007 Latilactobacillus sakei 48 37
40 Cucumber Kimchi LFR20-008 Levilactobacillus brevis 48 37
41 2 year Kimchi LFR20-009 Levilactobacillus brevis 48 37
42 2 year Kimchi LFR20-010 Leuconostoc mesenteroides 48 37
43 Young radish Kimchi  LFR20-011 Lactobacillus curvatus 48 37
44 Young radish Kimchi ~ LFR20-012 Latilactobacillus sakei 48 37
45 Coriander Kimchi LFR20-013 Weissella viridescens 48 37
46 Coriander Kimchi LFR20-014 Weissella viridescens 48 37
47 Coriander Kimchi LFR20-015 Latilactobacillus sakei 48 37
48 Coriander Kimchi LFR20-016 Latilactobacillus sakei 48 37
49  Green onion kimchi ~ LFR20-017 Latilactobacillus sakei 48 37
50  Green onion kimchi  LFR20-018  Lacticaseibacillus rhamnosus 48 37
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Table 2. Continued

Culture condition

No. Sources Strain ID Strain Time () Temp (C)
51 Green onion kimchi ~ LFR20-019 Lacticaseibacillus rhamnosus 48 37
52  Green onion kimchi  LFR20-020 Lacticaseibacillus rhamnosus 48 37
53  Green onion kimchi  LFR20-021 Lacticaseibacillus rhamnosus 48 37
54  Green onion kimchi ~ LFR20-022  Lacticaseibacillus rhamnosus 48 37
55  Green onion kimchi  LFR20-023 Levilactobacillus brevis 48 37
56  Leaf mustard kimchi ~ LFR20-024 Latilactobacillus sakei 48 37
57  Leaf mustard kimchi ~ LFR20-025 Latilactobacillus sakei 48 37
58  Leaf mustard kimchi ~ LFR20-026 Latilactobacillus sakei 48 37
59  Leaf mustard kimchi  LFR20-027 Latilactobacillus sakei 48 37
60  Leaf mustard kimchi ~ LFR20-028 Latilactobacillus sakei 48 37
61  Leaf mustard kimchi ~ LFR20-029 Latilactobacillus sakei 48 37
62  Leaf mustard kimchi  LFR20-030 Lacticaseibacillus rhamnosus 48 37
63  Leaf mustard kimchi ~ LFR20-031 Latilactobacillus sakei 48 37
64  Leaf mustard kimchi ~ LFR20-032 Latilactobacillus sakei 48 37
65  Leaf mustard kimchi ~ LFR20-033 Latilactobacillus sakei 48 37
66 Geotjeori LFR20-034 Latilactobacillus sakei 48 37
67 Cucumber Kimchi LFR20-035 Levilactobacillus brevis 48 37
68 Cucumber Kimchi LFR20-036 Leuconostoc mesenteroides 48 37
69 Cucumber Kimchi LFR20-037 Levilactobacillus brevis 48 37
70 1 year Kimchi LFR20-038 Levilactobacillus brevis 48 37
71 2 year Kimchi LFR20-039 Levilactobacillus brevis 48 37
72 2 year Kimchi LFR20-040 Levilactobacillus brevis 48 37
73 2 year Kimchi LFR20-041 Levilactobacillus brevis 48 37
74 2 year Kimchi LFR20-042 Levilactobacillus brevis 48 37
75 2 year Kimchi LFR20-043 Levilactobacillus brevis 48 37
76 2 year Kimchi LFR20-044 Levilactobacillus brevis 48 37
77 2 year Kimchi LFR20-045 Levilactobacillus brevis 48 37
78 2 year Kimchi LFR20-046 Levilactobacillus brevis 48 37
79 2 year Kimchi LFR20-047 Levilactobacillus brevis 48 37
80 2 year Kimchi LFR20-048 Levilactobacillus brevis 48 37
81 2 year Kimchi LFR20-049 Levilactobacillus brevis 48 37
82 2 year Kimchi LFR20-050 Levilactobacillus brevis 48 37
83 Kimchi LFR20-051 Latilactobacillus sakei 48 37
84 Kimchi LFR20-052 Latilactobacillus sakei 48 37
85 Kimchi LFR20-053 Lactobacillus curvatus 48 37
86 Sausauerkraut LFR21-011 Lactiplantibacillus plantarum 48 37
87 Sausauerkraut LFR21-012 Lactiplantibacillus plantarum 48 37
88 Sausauerkraut LFR21-016 Lactiplantibacillus plantarum 48 37
89 Sausauerkraut LFR21-018 Lactobacillus pentosus 48 37
90 Sausauerkraut LFR21-021 Lactobacillus pentosus 48 37
9N Sausauerkraut LFR21-022 Lactiplantibacillus plantarum 48 37
92 Sausauerkraut LFR21-023 Lactiplantibacillus plantarum 48 37
93 Sausauerkraut LFR21-024 Lactiplantibacillus plantarum 48 37
94 Sausauerkraut LFR21-027 Lactobacillus pentosus 48 37
95 Sausauerkraut LFR21-028 Lactiplantibacillus plantarum 48 37
96 Sausauerkraut LFR21-031 Lactiplantibacillus plantarum 48 37
97 Sausauerkraut LFR21-032 Lactiplantibacillus plantarum 48 37
98 Sausauerkraut LFR21-033 Lactiplantibacillus plantarum 48 37
99 Sausauerkraut LFR21-045 Lactiplantibacillus plantarum 48 37
100 Sausauerkraut LFR21-047 Lactiplantibacillus plantarum 48 37
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Table 2. Continued

Culture condition

No. Sources Strain 1D Strain Time () Temp (C)
101 Sausauerkraut LFR21-048 Lactiplantibacillus plantarum 48 37
102 Sausauerkraut LFR21-049 Lactiplantibacillus plantarum 48 37
103 Sausauerkraut LFR21-057 Lactiplantibacillus plantarum 48 37
104 Sausauerkraut LFR21-058 Levilactobacillus brevis 48 37
105 Sausauerkraut LFR21-060 Levilactobacillus brevis 48 37
106 Sausauerkraut LFR21-073 Levilactobacillus brevis 48 37
107 Dongchimi LFR21-081 Levilactobacillus brevis 48 37
108 Dongchimi LFR21-086 Levilactobacillus brevis 48 37
109 Dongchimi LFR21-088 Levilactobacillus brevis 48 37
110 Dongchimi LFR21-089 Levilactobacillus brevis 48 37
111 Dongchimi LFR21-090 Levilactobacillus brevis 48 37
112 Dongchimi LFR21-091 Levilactobacillus brevis 48 37
113 Dongchimi LFR21-092 Levilactobacillus brevis 48 37
114 Dongchimi LFR21-097 Levilactobacillus brevis 48 37
115 Dongchimi LFR21-099 Levilactobacillus brevis 48 37
116 Dongchimi LFR21-111 Levilactobacillus brevis 48 37
117 Dongchimi LFR21-114 Lactiplantibacillus plantarum 48 37
118 Dongchimi LFR21-115 Lactiplantibacillus plantarum 48 37
119 Dongchimi LFR21-118 Levilactobacillus brevis 48 37
120 Dongchimi LFR21-121 Levilactobacillus brevis 48 37
121 Dongchimi LFR21-122 Levilactobacillus brevis 48 37
122 Dongchimi LFR21-123 Levilactobacillus brevis 48 37
123 Dongchimi LFR21-124 Levilactobacillus brevis 48 37
124 Dongchimi LFR21-126 Levilactobacillus brevis 48 37
125 Dongchimi LFR21-127 Levilactobacillus brevis 48 37

2. B-glucosidase &4 =M

1Ao7 Mgt 462 455 AR B-glucosidase BA XS A3t G4 AL
37C%} pH 59] 2A0fA 18 59 1 #mol®] p-nitrophenolS AJAJsk= G449 o 2R Lehy
dom, Mk os AL 9 B-glucosidase 4 B0l Al U] /dHT w2 S Bl o=
B-glucosidase T4 7|50] Al 2] SoflA B EEsHA o|Fold & U2 %]’?ld' T o,
E3], 202060l ZAXoNM BE&H Lacticaseibacillus brevis LFR20-009 @5+ A 9] -
glucosidase &4 E/J°] 0.00735 U/mLE *ﬂi W 23 F 7P =2 24 248S UEY,
HE Y B-glucosidase &4 /o] 7P & 3= L. brevis LFR20-0462= 0.00611 U/mL&E

UedthFig. 2B). £4% XSS Lactzcasezbacz]]us curvatus, Lactiplantibacillus
plantarum, Levilactobacillus brevis, L. casei & 4522, B-glucosidase 84 E/JL H|wst
A3}, o 50 U2 &4 Zol= A YEA] AQktKFig. 2). f-Glucosidase 4 E4o]
79 S50l UE Aole A FFol 2 dAIRITH

0 F

3. Syringaresinol A4 ol

W97 BUG 2% B 5% BER THE MRSE AM8sto] A 4659 52 3%, 597
AAs Y ol 7 filte] 7hAQ71 WaEA EE, EB, % SYRY| =5 £AR 2,
LFR20-001, LFR20-002, LFR20-011, LFR20-012, LFR20-43 LFR 20-048, LFR20-050,
LFR21-073 @54 SYR A/do] SRII: 852 AT WA FollAl= syringaresinol
FE7F - Yol 240l Ao, SYR Ade] BRlE 52 ARl S71e] wit, 59
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extracellular

supernata /’

- supernatant
[g Bacterla
.Y s

Culture Media

Pellet \\‘

Homogenized

LAB strains isolated from

Kimchi, Dongchimi, Sauerkraut, etc. Esculin assay

intracellular

Fig. 1. Screening for A3-glucosidase activity in lactic acid bacteria isolates. (A) Evaluation of /-
glucosidase activity in bacterial isolates cultured for 24 and 48 hours on MRS Agar supplemented
with esculin (a, no activity; b, + low activity; ¢, ++ moderate activity; d, +++ high activity). (B)
A diagrammatic representation of the protocol for isolating lactic acid bacteria strains exhibiting 3-
glucosidase activity.

WrE 32804 EBY EEQ Bhvt AAsks A BQIg 4 9lth 53] LFFR20-011 ¥
LFR20-043 #5oA% SYR S=7F g w5l vl 4ds] 71 Zo] TEF UK Table 4).
LFR20-011 w5-9] -, EB, EE l=57} =90 B3k 2k v]7ko] 3o 5Yz Zrfet
o& EE7} #EA 0= Fafelo] W SYR w7t SA=UCE W, LFR20-043 w5 3¢4%e
399 £58 o2 Bolplol 5ol STRE] S/} S19KE 28 ST 4 A
3). ol&dt A3H= B-glucosidase F40] Zk8ol| 9l EBQ} EE7F Eafj=lo] SYRo] A ASS
NS, B4 FFES 7oz TE F SYR AL 24T 5 9o SRtk
Aofl DXl B
2 =4 S w7k sk

4. Syringaresinol®fl X2|0i 2|8t MC3T3-E1 ZSMIZE 34
TRO-A B8 ZTA|EF9 MC3T3-E1 AlZoA SYRS A 4]
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Table 3. Esculin agar screening results for B-glucosidase activity in lactic acid bacteria

Culture condition

No. Strain 1D Time (h) Temp (C) LAB count (Log CFU/mL)
1 LFR20-001 + + 9.46
2 LFR20-002 + + 9.50
3 LFR20-009 ++ ++ 9.21
4 LFR20-011 + + 9.53
5 LFR20-012 + + 9.40
6 LFR20-023 ++ ++ 9.49
7 LFR20-033 ++ ++ 8.99
8 LFR20-038 + + 9.29
9 LFR20-041 +++ +t 9.59
10 LFR20-042 ++ +++ 9.62
1 LFR20-043 +t + 8.56
12 LFR20-045 +++ +t 8.43
13 LFR20-046 +++ ++ 9.32
14 LFR20-047 +++ +t 9.19
15 LFR20-048 +Ht +t 9.20
16 LFR20-050 + + 9.40
17 LFR20-051 +Ht ++ 9.67
18 LFR20-052 +++ ++ 9.22
19 LFR20-053 tHtt +t 8.18
20 LFR21-012 + + 9.33
21 LFR21-016 + + 8.06
22 LFR21-021 + + 8.84
23 LFR21-023 + ++ 8.02
24 LFR21-024 + + 9.33
25 LFR21-033 + + 8.35
26 LFR21-045 + + 9.57
27 LFR21-047 ++ + 8.29
28 LFR21-057 + + 9.58
29 LFR21-058 ++ ++ 8.22
30 LFR21-060 ++ ++ 8.65
3 LFR21-073 + + 8.58
32 LFR21-081 + + 9.22
33 LFR21-086 ++ ++ 9.51
34 LFR21-088 +t ++ 9.09
35 LFR21-089 + 9.27
36 LFR21-090 + 9.48
37 LFR21-092 + 9.36
38 LFR21-097 + + 9.54
39 LFR21-111 + ++ 9.50
40 LFR21-114 + ++ 9.24
41 LFR21-118 + ++ 9.41
42 LFR21-121 + ++ 9.53
43 LFR21-122 + ++ 9.23
44 LFR21-123 + + 9.41
45 LFR21-124 ++ ++ 9.36
46 LFR21-126 +++ ++ 9.31

MTS £48 485199t SYRS 1-100 oM BE2 24417 B 4847 At 23t 1, 2.5, 5
UM BEOIAE 2441713} 48417 FOA] Al EAo] TAE|R] ghofor, E3] 1 uM sEoAiE=
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Fig. 2. Measurement of S-glucosidase enzymatic activity in 46 selected LAB strains. (A) Represen-
tation of extracellular and intracellular A-glucosidase activities in strains corresponding to Latilatilac-
tobacillus sakei, Lactiplantibacillus plantarum, and Latilactobacillus curvatus. (B) Representation of
extracellular and intracellular A3-glucosidase activities in strains corresponding to Levilactobacillus
brevis.

48ARF A A lulat A F4jo] BHEULKFig. 4A). olo] wet & ATAE 1, 25, 5
WM Al 7K 58 Aldislol MC3T3-E1 AlE] 5} 93g #7h4os 2Asien:

5. ZZHEF MC3T3-E1 E1aPH0flA| OJXl= syringaresinol2| &5 7t

SYR o] £ZAIEZF MC3T3-E1 23} vlAls ¥d2 B7F6l7] flsto], 23t #iZ|et &7 SYR
S 1,25, 5 pM BEZ 7U7F M T ALP E4S E45IAth ALP staining 23, vlEs)
2 contro))2 GMEA] 2 v, B3} 5= ZDIF, differentiation)< ALP7} Z&%|0]
ZsHA FAEE ZE g1 4= SIleh 0|9t FABHA SYR & AEet A¥wolM: 1, 2.5, 5
M Al 7] SEolA 28 R RHDIDT FARE Al Fejet 21eh S Tagho =24 £3}
£ fEole A2 gRIsIiFig. 4B).

£} 27] uAQl Runx29} Type 1 collagen(Type I COL) ¥ %7](A3%) &3} upA<l
osteocalcin(OCN)9] mRNA HHd 458 RT-qPCRE ©l&3lo] AR UliEst dixs
(contro)} H|WotE o, £3} G= t2HDIFAE 1, 3, 79 5 OCN, Runx2, Type I
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Table 4. Quantification of eleutheroside B (EB), eleutheroside E (EE), and syringaresinol in
Acanthopanax senticosus fermented strain extracts by HPLC

Strain 1D Time (Day) EB (ppm) EE (ppm) Syringaresinol (ppm)

2% extract LFFR20-001 3 29 147 24
5 22 97 32

LFFR20-002 3 25 117 23
5 22 86 34

LFFR20-011 3 25 115 22
5 19 72 49

LFFR20-012 3 27 125 20
5 19 79 49

LFF20-043 3 27 121 22
5 17 66 44

LFFR20-048 3 32 154 22
5 28 131 23

LFFR20-050 3 30 138 20
5 19 78 44

LFFR21-073 3 30 146 16
5 31 142 25

5% extract LFFR20-001 3 78 417 24
5 72 389 32

LFFR20-002 3 80 423 23
5 66 328 34

LFFR20-011 3 77 404 22
5 64 304 49

LFFR20-012 3 71 386 20
5 60 302 49

LFFR20-043 3 75 400 22
5 58 287 44

LFFR20-048 3 69 386 22
5 65 353 23

LFFR20-050 3 68 392 20
5 59 286 44

LFFR21-073 3 78 408 16
5 70 372 25

COL mRNA®| o] o202 F7I5I3it}. Syringaresinol AZRF AglFtofA= 192}9] 28t
f= dZHDIDT Blwsle 2.5 4M =04 OCNZF Runx2 mRNAS] BHdo] g9z oz &7}
5192, Type [ COL mRNA T&2 A7 sk X5 fod o2 J7etedet. et 3, 78ato]
e 27] 235 7”1 Runx29] gdo] wEs} tiZH(control) $F0& A4S, 7] &3t
Aol A SEEE Type I COLT OCN mRNA L& njE3} iz (control) 2t} 71519104,
B3l 45 gFZZDIHETR= fojFog o 207 YePdthFig. 4C-F).

2 A4 tigl=r AEEE ARSI A4 223 fAREAIA f-glucosidase 2782 Hol=
a5 AEstl, 7K QZT(A. senticosus) FEEY} FANF WEE 9l bioconversionZ ©-&-
St syringaresinol(SYR) AAoh= Iol 28-S W3ich SYRS thofet dHo] ot & A& &
50l = AR dTA dom, 55 & AFolA= SYRY & A% A= 7Ms/dE AtStth
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Fig. 3. Quantitative HPLC analysis of syringaresinol in LAB-fermented Acanthopanax senticosus extract. (A) Standard chromatogram displaying
reference peaks for Eleutheroside B, Eleutheroside E, and syringaresinol. (B, C) HPLC chromatograms of Acanthopanax senticosus extract
after fermentation with Levilactobacillus brevis strain LFR20-011 for 3 and 5 days, respectively. The chromatogram from the third day
demonstrates the presence of Eleutheroside E, which undergoes partial degradation by the fifth day, leading to a reduced syringaresinol
peak, indicating a limited biotransformation efficiency within this fermentation period. (D, E) Comparative HPLC outputs for the strain
LFR20-043 under analogous fermentative conditions. These results highlight a pronounced degradation of Eleutheroside E and a corresponding
increase in syringaresinol concentration, evidencing a more effective enzymatic conversion by this particular strain.
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Fig. 4. Effect of syringaresinol on MC3T3-E1 osteoblast differentiation. (A) Assessment of cell
proliferation and toxicity of syringaresinol treated MC3T3-E1 osteoblast cells at concentrations of
1-100 M for 24 and 48 h. (B) Alkaline phosphatase (ALP) staining demonstrating the effect of
syringaresinol at 1, 2.5, and 5 M on osteoblast differentiation after 7 days (ALP staining, x4).
(C-E) Quantitative analysis using real-time polymerase chain reaction (RT-qgPCR) to measure mRNA
levels of early differentiation marker Runx2, Type | collagen (COL), and mature differentiation
marker osteocalcin (OCN) over days 1, 3, and 7.~ p<0.05, ~ p<0.01 vs control, * p<0.01 vs DIF.
DIF, differentiation.
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