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2 o E AL fiF: o 1% A4 (pepsin) 3 9 v|WE(Lactobacillus Rbamnosus) e s 5o AAEE AER
Je 2y e =g A|xste] Q7 fef DFEA| oA Azl rX= ﬁ“** gRlsta, AR 7154 rl&La=E
A9l o]& 7HsAdS gl O]‘—LX} O]‘Oﬂ‘:]' ATE Y5t A8 HFTRES ARG, ‘:H aEo s LC-MS
BEXHZ 5190H, WST-1 assay?] HHS £3) cell viabilityES &35t AMEZEAS 245 27 0~2,000 zg/mL

= 5L 7oA AlZE/go] YehtA] ekttt £5] 800 pg/mLY sZollAlE iRkl B8] 160~180 %, ¥4
2o 2 AR83F EGF(epidermal growth factor)oll B]3] 120 %ollAE AlEZS4] fil—]- b YUeiy nRrs) oA 9
o RBAZ Y AYEA Y] Hold 7HeAdE HofFdoh B3 R EaET I 2959 YA AF 582 Il 9
o Alzols AEL P 2, JFLEEN BE F F4} F57F gi2o) vlsf S8 AlXol5sS HoFN,
EGFeH= SAEAY 1 o]y A3E Hojsqlrt. 22408 5 daEd EHE(F4 and F5)9 FF/AaI7 &
AFSHAl Yert mRulg A4 9 oi A3 X759 AR g-go] 7|thHr;.

OH‘

Abstract This study was undertaken to determine the effect of fermented soybean extract and its
fractions on skin cell proliferation and growth. The extract was procured by the pepsin and Lacrobacillus
rhamnosus fermentation of soybean. LC-MS analysis was performed subsequent to soybean fermentation,
and cell viability was measured by the WST-1 assay. Cell proliferation was observed to increase after
exposing cells to the fermented soybean extract and its fractions at all concentrations tested (0~2,000
pg/ml). In particular, compared to the normal control group and 120 % proliferation of the EGF
(epidermal growth factor) positive control group, 160~180 % cell proliferation was achieved at 800 g
g/ml, indicating the excellent potential as an application material for skin aging inhibition and skin cell
regeneration. In addition, we also examined the effects of fermented soybean extract and its fractions
on wound healing ability, in HaCaT cells and fibroblasts. Our results indicate excellent cell migration
abilities after treatment with fermented soybean extract and its fractions, as compared to the control
treatment. Similar cell migration abilities were observed in the positive control group (EGF). Taken
together, our results indicate that fermented soybean extract and its fractions (F4 and F5) exert

amelioratory effects as a natural material for skin.
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1. ME T oledl 53, AABY] HRolg 240) BEHE F
ZA717] 3l 4kt IR E Bol UREES] AN
T o7 A7 gzt o7 FEY Ve $8/40]  FRAA B F 2L /fAS, 2L g
BREHA FAB} 7| RS %d o= mR} B9 750 RS Yote 59 FFAYA TS F= AR B
o &4 35 9 2 wFE A7t thdskA AYE arEo} QIvh23,24]. wEbA Tgtt HAES o835 T
o] grcH1-2]. THe] 4L Eﬂl A 9 mopxze]  2E0] A7 XL 9lom, AH 0w Yzl Y
37M9] Fo& =] Atk M 427 Bd 5 S B 7IsA IHE A A7t Eide] e
S Toloke o Ao Y ¢ B J=ogrRy Atk I3 Lacrobacillus Rhamnosus®ll 28t T
ﬂl £ Book= B84 AHY 715o] Qlth3-5]. 18] F ARFA 9 Gl tigt AT mHg AAolch
I, AW FES fAcks BHg FEHe dA 2597 w2k & AtolM= Lactobacillus Rhamnosus®)

(NMF Natural Moisturizing Factor)g& 53} ©]Fo]
A, U972 @30l Tt WEJ=(antimicrobial
peptide) ¥ TF, HITHAE 5o WA E7} s6t4

A9 7152 SAlol FEsta AeH6, 7. By A9
7% $¥3l= hyaluronic acid, phospholipid,

free fatty acid, ceramide, filaggrin, urea, amino
acid, peptide 52 Tt HEQA =2 v R3] 7|4
SollA] 29L BAoks A|mo] 295t o)A 2ol
At Aot ofsf FHAE o] Al el7] ol S2¢
S=N mRo TRt A7 & 715 +HTTHSL. E
o, E94-3Fet A= oJs wH7t A= Adfor
AlEZE BRt AGAAL, ARlEZR]], 71ddHd 52
EHlot F4] 4 AA BRE 541710 A27dE
%“0}‘:}9 10]. ZEFHAEE= Aol E7I]L 59 A}
52 FBH|sto] 71A9 RS s, &4 FRIE o]
E(rmgramon)OPh = AES] SAl(proliferation)<

SECHI. weby wxzao] A4 Ast 2 44 %

R0l 29 94 AZS AgotiEe] BAL TS B
sfet. 20 94 A 9 GRoES) A5 AR A

B&QIAe] o] ASHEAL BBl woldA] Hd
u]\:l x}tﬂ,] 7301—01 H]-}\Ho]_ﬂ] QE]' 0]1_. J—q—,—A /\a‘—./q:
4, #y|9] Hz 9 AzHs} ofE Ry, wjEe| g
A4 Ao 22 FAT 7S W w3l U e ou
gttH12-16].

W5(Glycine max L)y=
She 19X 2E E= O dujg ohig
;\_a],%o] ok 30 % ]H]-o] ok 20 % 01_05101 21011]

AZatE(isoflavone), A8, AEY AHET 722 7
%*é R AR lol gt 7R7E oot
[17 18], E3}, FRAEE nw 33} 3FY= ot

5o Aol JFHUL, Z4F mE 7HA1 7154
_/axﬂi M=l QJrH19-22]. o]#g AJEL 7154
A2 Egol7] fIt ot A7t ALH o S

(o]

o=

4
=

s

o]

F3HLeguminosae)©l
chAo] OF 40 %,

O
=

327

T+FE olgste] tRETEAE IaAAH FEEE
(BIO‘ Peptone®)€ Azotal, AdE iFdaE 4 1

H350] ZFgAAI*(human epidermal keratinocytes)
9} AT FgAE(human dermal fibroblasts)] 3%

2 Z2lo] n)X= g3E 3QI5ta] mjHu|g AX] 2 I
H A% 279 ARZAQ] o] 7FsAS dolrgit)

21 M2 ¥ @y

2.1.1 DiFYE=E9 Hx

2 A8 Algd t5aEE(Bio-Peptone®)S Fig.
19] 3402 AZREUL. Isolated soy protein(Sigma
Aldrich, USA)°ll pepsin(Sigma Aldrich, USA)& &3}
sto] 37 TollA] 4417 &< B4 ESAA L soy
peptone®]l MRS mediumollA Sl (seed culture)
H FEHRHA Hle A (Lactobacillus Rhamnosus)
T5S YA E3E &, 35 TollA] 72417F ol vt
of YRAIFTH T IARAS oIty fAtE Al
ZF, AKEEC] S5-Il S A%, 55, 544
H ¥E BEE Alxsto] ARgsHoHIl

2.1.2 iFHE =2 LC-MS &4

AzE ELaEL LTQ Orbit-rap XL A
7|(Thermo Fisher Scientific, Bremen, Germany)<}
Accela UPLC(Thermo Fisher Scientific, San Jose,
CA, USA)E AHEsto] A8 9 BARRE ERlsiqltt. &
Aof ARESE columne Acquity BEC C18 column
(1.7 pm, 150%2mm, Waters, Dublin, Ireland)& At
25191, 0.1 % formic acid(Sigma Aldrich, USA)7}
E3E 54 (Burdick & Jackson, Korea)?} oM E
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sttt AlEEA Y] EARF ER1E HoiA LS-MSEA
positive ion([M+H]+) =S o|-835}3oH, Exl=F H

9= 115~1,5009] HARE EA5}}.

Isolated Soy Protein
(Soy Protein Isolate, NIST3236,
Sigma-Aldrich)

\

Enzymolysis by Pepsine
(Pepsine, 10108057001,
Sigma-Aldrich, 37 C, 4 hr)

v

Soy Peptone

v

Fermentation
(Lactobacillus Rhamnosus,
MRS Medium, 35 C, 72 hr)

v

’ Filtration (0.2 ym) ‘

v

’ Freeze Dry ‘

v

’ Fermented Soybean Extract ‘

Fig. 1. Production of a fermented soybean extract
with Lactobacillus Rhamnosus.
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A7t ZHAY/Ad AZESEQ! HaCaT AlIZ (human
epidermal keratinocytes)@} A7H-EH XuPA A=
91 Fibroblast MlZ(human dermal fibroblast)=
InnoprotAHBizkaia, Spain)ollAl Eol 10 % fetal
bovine serum(FBS, Welgene, Daegu, Korea)o| X3}
%l Dulbecco’s modified Eagle’s medium(DMEM,
Welgene, Daegu, Korea)& AH&sto] 37 €, 5 % CO;
Az vjF7]oll A BiQFSFITHR26]. Bl H-S 3 vtk W
Ao, 80 % ol Al =71 Ag7stH AchaieF
= St 253 B Al229] AEj7t P EW AdS A
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2.1.5 MZE Z4(Cell Viability)

= aEo] HaCaT AlES} fibroblast Aol E/3&
X =4] 8el5l7] 3l cell proliferation reagent?l
WST-1& o©]&3slo] WST-1 assaysS A5t
96-well plate®] well & 1x10* cells/well& 200 xL
A BES F 37 T, 5 % COp A2 ajg71ollA] 24417k
& viFAIH . vl = FBS7L BR-EA] %2 DMEM
HiZ|e} A EEAQ] HFLAES s HE Aot 24
Az Foll Aagstact. 2-2+9] welloll WST-1 8H(Cell
Proliferation Reagent WST-1, Cat no. 05 015 944
001, Roche)& AA9] 10 %7} H=5 20 pLE Y2
37 C, 5% CO AlE Hig7]ollA 2417 52t §EAIFTL
e VERSA max microplate reader(Molec
-ular Devices, Sunnyvale, CA)S ©]-83}31o, 450
nm, 620 nm9] TN FFEE FFSH3ch A2
AEH = YRS 7SR ALSFATH271.
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HaCaT A2 E: Fibroblast AIXE 6-well plate
ol 1x10° cells/well& 2 mL & E33t & A3 wjeF]
(37 T, 5 % CO)NA 2417k 51t Bl st Al
47} 80~90 % = AYFS W FBS7F =R 2
A2 wAskY, ZH2Ee] welldll 200p tip o2 HA] v}
g2 Fo] Fo] Ao AFx|5te] HolA Uzt AE
£ PBSZ A& AASIYE. FBSE ZeloHA] gk A2
& Y2 & du|F(phase contrast microscope,
OLYMPUS, Tokyo, Japan)& &34 10081&ZE 579
9] W }9] o|u]AE ATt o] % PBSE 33| A3t
% 2% 352 10 % FBS7F Sle 2A0Z YwA] 1
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52 10 % FBS®t epidermal growth factor(EGF

human, SRP-3027, Sigma—Aldrich) 20 pg/mlL, 10
% FBSet A=A FLaEES 449 L& A
3t % 37 €, 5 % CO; incubation 2704 24A|17t &
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2 AE3 ¥, dv]H(phase contrast microscope,
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m/z 245.1867 (IM+HI+), m/z 279.1711(IM+H]+) =

3Eo] FRI=UkFig. 2b).
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Fig. 2. LC-MS profile analysis of a fermented soybean
extract. MS chromatogram (a) and MS
spectrum of six major peaks (b) in MS
chromatogram at retention time of 1.61, 3.82,
7.44, 10.46, 15.82, and 20.26 min.

EE §

e

Tanpeerep 2905]

F.8 8 5 5 BB

W AM W S0 1000 120 WO 10 1800 N0 W MO A BH N0 LW WO X0 RO 0O L0 W0 6D B0 D
sra Mrutes

i

Fig. 3. Prep-LC chromatogram of a fermented
soybean extract at 280 nm.
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Table 1. Six Prep-LC fraction samples of a fermented 2,000 pg/mLE sE=EE ATt T 24A17F B9t v

soybean extract 5to] WST-1 assay %ol wet Al S4] Hohs 2l

Fraction No.| F1 | F2 | B3 | F4 | F5 | F6 stdet. Fig. 50 AAE vRe} Zo] HaCaT AZ(Fig.

Weight(mg) | 287.76 | 73.28 | 57.44 |14.059 | 162.59 | 121.78 5a)¢} fibroblast A|XE(Fig. 5b)°] A &L=FIHO~

Solution | TR g R W e 2,000 pg/mL)oA A =/do] YERLEA] ¥9kS & of

(1,000 ' ' Yzt A} F4lo] ZsiA doldS BRlstoitt. o
#g/mL) \ J \ 4

Aol S EQAA7Ie B AAAAE g S
2Zo 2 ARESE EGF(epidermal growth factor)&
223 HEEUSEQ ME =4 Ox 7% AE 24 gl Jepgth gedaEe
Qg ago] AE AY 24 HEs Us] Y8, 800 ug/mLe s=olA 7P Hold Ax 4 avs
HaCaT AZ&} fibroblast AlZo] FLEES 0~  EHAFUE=H, BE 5% 7oA EGFe |AREAY
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Bio-Peptone® (ppm) Bio-Peptone® (ppm)
(2) (b)

Fig. 5. Effects of soybean-derived low molecular weight bioactive peptide on viability of HaCaT and fibroblast
cells.
(a) HaCaT cells were treated with fermented soybean extract at indicated concentration for 24 hr (b) Fibroblast cells were
treated with fermented soybean extract at indicated concentration for 24 hr. Cell viabilities were determined as described in
materials and methods. Values represent normalized cell viability value (mean+S.D., n=3). The value of untreated cells was
taken as 100 %. *p<0.05; **p<0.01. All experiments were repeated at least three times.
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Fig. 6. Effects of fractions (F1, F3, F4, F5, and F6) on viability of HaCaT cells and fibroblast cells.
(a) HaCaT cells were treated with fermented soybean extract and its fractions (F1, F3, F4, F5, and F6) at 800 ug/mL for 24
hr (b) Fibroblast cells were treated with fermented soybean extract and its fractions (F1, F3, F4, F5, and F6) at 800 ug/mL
for 24 hr. Cell viabilities were determined as described in materials and methods. Values represent normalized cell viability
value (mean+S.D., n=3). The value of untreated cells was taken as 100 %. *p<0.05; **p<0.01. All experiments were repeated
at least three times.
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Fig. 7. Effects of fraction 4 (F4) and fraction 5 (F5) on viability of HaCaT and fibroblast cells.
(a) HaCaT cells were treated with F4 at indicated concentration for 24 hr (b) HaCaT cells were treated with F5 at
indicated concentration for 24 hr (c¢) Fibroblast cells were treated with F4 at indicated concentration for 24 hr (d)
Fibroblast cells were treated with F5 at indicated concentration for 24 hr. Cell viabilities were determined as described in
materials and methods. Values represent mean+S.D. (n=3), of normalized cell viability value. The value of untreated cells
was taken as 100 %. *p<0.05; **p<{ 0.01. All experiments were repeated at least three times.
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Fig. 8. Effects of a fermented soybean extract on migration of HaCaT and fibroblast cells.
(A) HaCaT cells were treated with epidermal growth factor (EGF) as positive control and fermented soybean extract at
indicated concentration for 24 hr (B) Fibroblast cells were treated with epidermal growth factor (EGF) as positive control
and fermented soybean extract at indicated concentration for 24 hr. Wound healing assay was performed as described in
materials and methods. Phase contrast images were taken at 24 hr after scratching to determine healed distance. Values
represent mean*S.D. (n=3). *p<0.05; **p<0.01. All experiments were repeated at least three times.

% Dhstance

Co EGF Bp F4 Fs

% Distance
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Fig. 9. Effects of a fermented soybean extract and fractions (F4 and F5) on migration of HaCaT cells and
fibroblast cells.
(a) HaCaT cells were treated with epidermal growth factor (EGF) as a positive control and fermented soybean extract and
fractions (F4 and F5) at indicated concentration for 24 hr (b) Fibroblast cells were treated with epidermal growth factor
(EGF) as a positive control and fermented soybean extract and fractions (F4 and F5) at indicated concentration for 24 hr.
Wound healing assay was performed as described in materials and methods. Phase contrast images were taken at 24 hr
after scratching to determine healed distance. Values represent mean#S.D. (n=3), *p<0.05; **p<0.01. All experiments were
repeated at least three times.
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