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23}, % 92202 §4ks ¥ hyaluronidase ©1A4] BA0] Z7HsHe A2 Belshelet. ol S Eoho] LRDESE
atst 9 w8 A S| Al WA SPEE AAE AR e ACE AtrETH

Abstract: In this study, exosomes were isolated by ultrafiltration from Lactobacillus rhamnosus J2K-821 and their various
effects for skin were evaluated. Their size and concentration were identified 50 ~ 200 nm and 3.22 x 10° particles/mL,
respectively through nanoparticle tracking analysis. In order to verify the inflammatory relief effect of Lactobacillus
rhamnosus-derived exosomes (LRDEs), their nitric oxide (NO) production inhibitory ability in RAW 264.7 macrophages
induced an inflammatory reaction with lipopolysaccharide (LPS) was confirmed. It was revealed that they inhibited NO
production in a concentration-dependent manner. To evaluate the antioxidant activity and skin barrier improvement effect
of LRDEs, their 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and hyaluronidase inhibitory activity
were confirmed. It was also revealed that their activities were increased by concentration-dependent manner. Through these
results, It is believed that LRDEs can be used as a effective natural cosmetic ingredient for anti-inflammation, antioxidation

and skin barrier improvement.
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QlEl SEwpAEiA A Lactobacillus  rhamnosus, L.
rhamnosus) w+-2] AaFE FE310], NO oA e 5
gt FEF 85 A 55 9 i A A avs
SjRlafo] et AT 2 ol 2 AL

SFITH18-20].
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De Man, Rogosa and Sharpe (MRS) agar, MRS broth,
Dulbecco’s modified eagle medium (DMEM) powder, thiazolyl
blue tetrazolium bromide, dimethyl sulfoxide (DMSO),
lipopolysacchride (LPS), 1-naphthylmethylamide, sulfanilamide,
quercetin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid
4l 6-O-palmitoyl-L-ascorbic acid (PPA)= Sigma (USA)ol|A]
TRJ5le] A835FIT) Fetal bovine serum (FBS), antibiotic
antimycotic solutionS Coming (USA) A& ARSI
NucleoZOL-2 Macherey-Nalgel (Germany)oll4] -Jated A}
93)99ck. HiSenScript RH(-) RT PreMix Kit= intron
biotechnology (Korea) A|=-2 AR835}90M, BioFact 2X
Real-Time PCR Master Mix+= Biofact (Korea)ol|A] <-¢5}<]
ApgaleiTh 1 9jo) Aloke B w Aok Telslel
Agsteich

g %= 5 L Jar fermentor (KoBioTech, Korea) A& At
851903, YAEE]7)= Supra R17 (HANIL SCIENCE, Korea)
AZ, ske]odul= Pellicon® XL50 with Biomax® Membrane
(Millipore, USA) A%, microplate readeri= spectramax abs
plus (Vblecular Devices, USA) A2, real-time PCR-S- QuantStudio
3 Real-Time PCR System (AppliedBiosystems, USA) A|&-2
A8}

22 TFo| 22| 2 =X
2 Ao AR e AlF=(Korea)ofl A
7l stERRE gelesltt f71s sleg

o] Yil 1 h AgAR]

ok
y Jo

I8

Aot
%, MRS agaro]] 100 4L ga=2
=

sl 35 Clld 48 b h okt 5], 8] colony S AL}
5,3 3] A vepstol v Belsioin Rele g

J2K—821§ {5191, MRS brotho]] JE35}te] 35 Coﬂ/ﬂ
48 h vjjoksl ¥ 50% glycerol S-Mof] Heksted -80 Coll 1
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Hsklet 12ja BA71ERl GRta A Korea)ol] O] =5}
o] 163 ribosomal RNA 512} 917|428 ajaiaict. of
AEL 7|Hke g ul= PRS2 ANE|(national center for
biotechnology ~ information, NCBI, USA)2] basic local
alignment search tool (BLAST) 32733 o]@3lo] [A}
Kol & FE0] H/NAS AHSIIL MEGA 11 322
T189] neighbour-joining  (NJ), maximum-parsimony (MP),
maximumlikelihood (ML) SH1215-8 ol et Asl 1
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L. rhamnosus J2K-8212 MRS broth® Alcjjujjorsle] &+
A1 F, 5 L EaEE o85k] MRS broth 3 Lof| 4
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3 (0.1 ygm PVDF membrane (Millipore, USA) oJ1}S =35
200 nm o} JAE AAS] HEHML A #leAls
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AR}=Z A ¥ (nanoparticle tracking analysis, NTA)S ©]-&-
319t} NanoSight NS300 (Malvern Panalytical, UK) A1Z-S
og3to] el 2], B B = 5 EAt ©
3t A& E3} A} Aul%(eryogenic transmission electron
microscopy, Cryo-TEM)2- ©]-85}o] o] A o|F5
25 slelch WAL Agste] 52 ABE A
213} E), Teenai G2 Spirit TWIN (FEL, USA) AJES o] g3}
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Ago]l ARgEE RAW 264.7 MEZ= 3 32l macrophage
2 S EE Ll Korea) o] EFHOL o} 85191c) Bl
= 10% FBS 2} 1% antibiotic antimycotic solution2- 2 7}5F
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o] ZA5}%ck RAW 2647 AJEZ 96 well plateo] 1.0 x
10* cellswello] =2 180 uL E3=3lo] 5% CO7t 35
El= 37 C wjg7]ollx] ovemight HiFSHATE. LRDEsS: &
=R AG3Ast] 20 pl A2t F 5% CO7F 3
Tl 37 T wfiglollA 24 h 52t ¥RSAIFHEE %6 well
plateo]] well T 5 mg/mL2] MIT &M-E 20 ulL.A A5}l
oF 2 h 9 37 ColAl MkSAIZIcE A45ole AAstn
100 xL2] DMSO]| A% formazang ¢H138] 50523k
Microplate reader® 590 nmofjA] SF=E 24550,
MITA]2RE- thiazolyl blue tetrazolium bromide 5 mg/mL 2]
557} E|%=% phosphate buffered saline (PBS)o]| -&-3fjo}]
ARg3hc

2.7. NO oz x| &y

NO AY/Jef griess A|9f Wh3-2 ]85l S7sI3k
RAW 264.7 A|ZZ 96 well plateo]] 1.0 x 10*cells/well £
BE3lo] 5% CO27}F 3g%= 37 C vjekr]of|A] ovemight
HieFSRRATh ZF wello]] Aliz=/do] gl a2 AY 314
gF LRDEsZ A2fsto] 2 h wjket &, 05 ug/mlo]
lipopolysaccharide (LPS)Z #|2]3}o] 24 h wjleyalic. Hjoy
olo] ApzoNe Hslo] Eepel griess Al ERSICH
96 well plateof A 10 min F9F ¥EAIZ] & microplate
reader= 540 nmof|A SFE=E SIS Griess A2F A,
BE 212} 0.2% 1-naphthylmethylamide2}- 5% phosphoric acid
4 1% sulfanilamide S DWol| -83ff 1 : 1] Hl[&= Z3s}
o] ARgSIGloH, R e R FAMEE ARESHIT
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DPPH izt &7 &4 AFLS Blois?] WS #dst
o] AHFIATH21]. 96 well plateo] A& 20 xLe} 02 mM
DPPH €9 180 4LE 93l 30 min ¥-S & FlgeAS
ARESEe] 517 nmof|A| SF=E SH5HtE RS
B ofAFIEBARS ARSI St A A2 A

B 7R 7RSS Blaste] e R yERigck

2.9. Hyaluronidase 23X &M

Hyaluronidase 914 &4 =72 hyaluronidase inhibitior
screening assay kit (Abnova, Taiwan)E ©}-85}0] 4=3¥5}31ct.
gof] AR hyaluronidase®] “3-9-<= bovine hyaluronidase
(Calzyme, USA)E ©]-83}F3ich HyaluronidaseS 10 UmL2)
&= enzyme bufferE ©]-85}0] 5oi=3lt). 96 well plate
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of| 40 uLe} BEE-H 20 uLE EFFoto] A=20llA 15 min BF
SAJFt) Substrate : assay bufferS 10 : 35 W2 &35}
o] working reagents A5}, RR&o] ¢ 96 well
plate Z} wellof] working reagent= 217} 40 ul# Hol& %,
ARLol A 20 min 7t HFS-AJFC) Stop reagentE 160 uLE
o] Z3tste] A2ofA 10 min ¥RS-AIA & F, 600 nmi

3.1, #F9| 22| U 5™ ZAn}

AFE 7718 ShaollM Eeft 12K-821 59 16S
ribosomal RNA 7|4 ¥€2 BLAST 23S E3f L
rhamnosus2} 99% o] Y-S e AU FRIsH

F¥e ot dAEE AXbsidch fgixgoe= ck I78]3 MEGA 11 =& J7390] NJ, MP, ML &Hg]&
6-O-palmitoyl-L-ascorbic acid (PPA)E AME-SI3ITE & ol g3t AEeHA AL E3) L rhamnosus 12K-821 2

yrgstAa(Figure 1), =AYEEOIAT AEAAE

2.10. S7|xel (Korea)ol| 7]€l5}o] KCTC 15192BPE Hojuiolck.

2 Ae] AE2 3 3] HhEsio] =3fsiglom, A 4
IF= mean + standard deviation (SD)E UERHQITE A= 3.2, EEHMHA 2 A Qo AAZE(LRDEs)S| EA
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FAAS B9 240 BANS SRk, rS ol LRDESS NTAZ 23 27 4719 Baghe

5

3] fole ASIIAE fol = p <005 p< 1882 nm, HRIGES 1785 nm, EEHARE 503 nmE
0.01, "p < 0.001% FAB}HCE golon, Ao 249 dae] 4 sk 322 x 10°

Lactobacillus chiayiensis BCRC 81062 (MF446960)
Lactobacillus casei ATCC 3937 (AP012544)
Lactobacillus zeae ATCC 15820" (D86516)
Lactobacillus paracasei JCM 8130" (D79212)
Lactobacillus rhamnosus 12K-821
100/ gctobacillus rhamnosus JCM 11367 (NR043408)
100, Lacticaseibacillus mingshuiensis 117-1" (LC597586)
Lacticaseibacillus yichunensis 33-17 (MK110845)
100 Lacticaseibacillus parakribbianus YH-lacS6™ (MZ951105)
Lacticaseibacillus kribbianus YH-lac21T (MZ951057)
Lacticaseibacillus absianus YH-lac23T (MT009028)
Lacticaseibacillus dagingensis 143-4(a)" (MK110842)
98 — Lactobacillus porcinae R-42633" (HE616585)
%Lactobaciﬁus manihotivorans OND 327 (AF000162)
Lactobacillus baogingensis 47-37 (MK110840)
—— Lactobacillus nasuensis SU 187 (AB608051)
100 (Lacticaseibacillus suilingensis ZW1527 (LC597590)
Lacticaseibacillus suibinensis 247-3T (MK110834)
Lactobacillus jixianensis 159-47 (MK110836)
Lactobacillus camelliae MCH3-17 (AB257864)
Lactobacillus hegangensis 73-47 (MK110833)
Lactobacillus zhaodongensis 1206-17 (LC508979)
Lactobacillus saniviri YIT 12363T (AB602569)
Lactobacillus brantae SL1108T (NR125575)
Streptococcus equinus NBRC 12553 (AB680295)

91

97

96

0.02

Figure 1. NJ tree based on 16S rRNA gene sequences showing the phylogenetic relationships of strain J2K-821 and related taxa.
Bootstrap values are shown on nodes in percentages of 1,000 replicates, only when values were over 70 %. Filled circles (-) indicate
that the corresponding nodes were also recovered in the trees generated with the ML and MP algorithms. Streptococcus equinus NBRC
12553T (AB680295) was used as an outgroup. Bar, 0.02 changes per nucleotide position.
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particles/mL= LERGTHFigure 2, Table 1). Cryo-TEM2- 9|
3lo] TS Axf 50 ~ 200 om T7]9] YAES TE
3 2= glojom XA o= Lz w3 I 4= 9Jglr}
(Figure 3).
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Figure 2. Nanoparticle tracking analysis of exosomes isolated
from Lactobacillus rhamnosus J2K-821. (A) Representative graph
shows particle concentration and their size measurements. (B)
The scattering distributions are presented from three consecutive
30 s runs for nanoparticles.

Table 1. Results of Nanoparticle Tracking Analysis

Fatst @5 2 9 g sl ek A 303

3.3. M= MEZ ol

LRDEsO| THAAELQ] RAW 264.7 A|328] AJEo]| m|A|=
FEFS FRI5IIA; MIT assays %1e¥5}%Ick LRDEsS T}
Wt TR AlG 3|Asto] Zﬂf& 23}, 10% ofefo] &

oA 9% ol4e] ALE AEEE UehickFigre 4). 3
G SEE FTsle] o) FUF T A A A Az
o] gl Yrmeld] A sl

3.4. NO AHAIZE 0-|x-|| St SH0|

S0l §F vHEER) No2| A4S llsken 3t
Q157] $J3l RAW 2647 AJ3Eo] LRDEsS AlE540] ¢
BER AY SA] NO asyS WA Raw
2647 AL o] FA e e Ame

l‘l[‘

50 nm

HV=120kV
Direct Mag: 150000 x

Fgure 3. Cryo-TEM image of exosomes derived from Lactobacillus
rhamnosus 12K-821.

Mean 188.2 nm

Mode 178.5 nm

Standard deviation 50.3 nm

D10 134.0 nm

D50 180.3 nm

D90 252.6 nm
Concentration 322 x 10° particles/mL

Cell viability (%)

100 _
80
60
)
20
0
0.25 0.5 1 25 5 10

LRDEs (%) -

Figure 4. Cell viability of RAW 264.7 macrophage cell on each
concentration of LRDEs. Each value presents the mean + SD of
triplicate  determinations. p < 0.05 indicate a significant

difference from sample not treated group.
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0.25 0.5 1 2.5 5 10 =

Figure 5. Nitric oxide production of LPS-stimulated RAW 264.7
macrophage cell on each concentration of LRDEs. Each value
presents the mean =+ SD of triplicate determinations. p < 0.05, “p
< 0.01, ™p < 0.001 indicate a significant difference from sample
not treated group.

DPPH radical scavenging activity (%)

Ascorbic acid (ppm)
LRDEs (%)

0.25 0.5 1 2.5 5 10

Figure 6. DPPH radical scavenging activity of LRDEs. Each
value presents the mean + SD of triplicate determinations. “p <

0.05, “p < 0.01, “p < 0.001 indicate a significant difference
from sample not treated group.

A LPS9F e A=Edo] k2w NOS Adshe 2o
2 deA Qirk 2 A3k LRDEsS 025% F=ollAl= NO
A Aol 2 FEE PIRIA EIRAoL,; 05 ~ 10%9)
SR At FlollA= Lesol| oJsf F7Ist NOSJ AY/d
FE T ATHOR HPle AR Uepdoen,
LRDEsZ 10% #]2]a15hS 1] 54.35%2] NO A4 oA18-S
ERelskicH(Figure 5). ©]5 &3 LRDEs7} LPSZ A=A
RAW 264.7 AlZofM &< wi7iE2 Q] NOS A< 9
3 A ATk 2 eIl A A=A
2-8o] 7Fs A oR Al

3.5. DPPH 2}{C|Zt A7 2 F0I
LRDEs®| M4k}l 852 2RIsk] ¢is DPPH 2it]Z
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20

Hyaluronidase inhibition rate (%)

PPA (uM)
LRDEs (%)

- - - - - - 1.5
0.25 0.5 1 2.5 5 10 -

Figure 7. Hyaluronidase inhibition activity of LRDEs. Each
value presents the mean + SD of triplicate determinations. p <
0.05, “p < 0.01, ™p < 0.001 indicate a significant difference from

sample not treated group.

&7 Bde SsI9ick DPPH= 517 nmolld 2o} 3
TS YERH, AR A7l ol St sk =,
o= B} aLS 2AsH= Hr g AFLEr) LRDEsZ
025 ~ 10%°] 2 Aslole o, 5= oEH o= 3
Al gigo] S71she Ae #1E o= 9lglon, 10% A
2] Al 8639%2] At & HlrH(Figue 6). oI5 &
& LRDEs7} 31leh A2A] ARE- 7hsdhe & 4 Sl

3.6. Hyaluronidase x| 2t =0l

5|42 Khyaluronic acid, HA)- 3|50 EAfSk= Al
329] 7] 2 (extracellular matrix)% SPUFEA] A|E7E 32FAA]
7h e she, mi sl Fofsls HAEAR o
#] 9]t} Hyaluronidase’= HAS] Haflof Tolsl= FagAl
hyaluronidase @} S-S w2 A ol ) 15} 1)
A2 gRIBE= d) o]8%=|1r 9Jck LRDEs?] hyaluronidase ¢
A LS RIS AT 025 ~ 10%714] B= R ow
hyaluronidase Aol 221 EIE HE oM, 10% 5=
oAl oF 41.85%2] oA /e VERthFigure 7). o] 2
= EdiE LRDEs7} gt 2 7ol anpt o 2o
2 )

2 Agollde Z=HpoleE A Rl Lo rhamnosus
PK-QIZEE olxZS Halsielil NTA9 Cryo TEMS

©18310] 50 ~ 200 nm =719] A& o}FF Fx| A
YRS 2RIBICE HAMIER] RAW 2647 M35 o851
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NO A4 4] &4, DPPH 2jtjzh 47] 24, hyaluronidase
oA T4 AFS 53 Eelgt LRDEs7F 495, Akt
Fs 2 g A A aapt gl SHE dREN9)
7Fs/dE HESISIT

NO assay Z7};, LRDEs:= 0.5 ~ 10% 5% H<]o| 4] LPS
2 =3 NO S 5= oA or Asii7]= anprt
U= Qolo} 10% S50l A o 54.35%2] NO A3
4 oIS Btk o] ANE EdZ LRDEL 9%
AR 2 Ol 7Fsdiths 21 F)lskolct

LRDEs®] DPPH 2|zt 44 /-2 025 ~ 10%2] -5
T8 ABIgE u, HE FEollA vk oEHow FUt
= AL FRISHITE %2} 10% SEolA] ZH 82.63%,
86.39%2] FHAISL AL Hglom, o] LRDEs7} 34}
2ARA IS Kol Aufolrk

HHol A AEZQ 7|A2A AEZF 7lwes W mH
e3lo] Pofsh= HAS H3li5H= hyaluronidase] A &
4 E3F LRDEso]| 23] = oj&zog Zvlsi= 1S
RIS 10% S04 oF 41.85%°] oA &4dE& 1
Ehom, LRDEs7} o3 ) sjade]) auprh gle Ao

2 kg ch
ol 40| UYiHofl= 7] et AlEof| A faligh thst DNA
9} RNA, A4, whia] 55 iﬂo}ﬂ O‘E} 7l+«1 A=

3ff o]
E]'EH]‘A]FH/\ El—jr_/\i/\_q] J'='_/H
g %1— 3}AES} 9 hyaluronidase
Theich, web 2 7 2
Pikel gl sl e 7
of EIHQ W YR 242 AR AP Ao
Az

u] ereld glom, ofeigt
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