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BETE AAE fsled 22+ B FASRY. FAE AL 72 d=x7|(1lshin Lab Co., Ltd., Yangju,
Korea)& ol &3l AFAI7| BEglste] W¥eri(-20° O3lslch. Y FEES AXEY 10 gl E(5F
)3 80% ol'-ES 27t 500 mLE FH7Fsho], 40Tl 2417 &<t @REAVIE ARESte] FESIY. FEE
2 No.2 AEZFol(Whatman Inc., Kent, UK)E AMEste], FAHegict. offAe 3)HdxF5%F7] (N-N
series, EYELA Co., Tokyo, Japan)E& ©]&3t FF F, STZAAZXSY WYErRT(-200)3H Ad
AREEEGITE. olake] AFeA A FEES EFEWinS F = 4

Hl = Z3ste] A3 AFE-s3itt.

oy
[0¢]
=
K-
)
o
o
i

ojxr o ol ARSIt mAW A w3t A FEE Aol o2 Whole body exposure FH djell A wlA|w |

Hom, A dxzad A3 I37E FIANAT. B FEE(Water extract from P. tenera;

25 (80% Ethanolic extract : Water extract = 8:2; Mix)2 S8 =2 &, == A 50, 200
ody weight &%= (WP50, WP200, Mix50, Mix200)% 77 Fo3}3it}.

=
&
~—
A
=Y
o W

mg/kg of

<ddd 1> gF do] Adad

7 ol PBSE o835t A Ui 2 =dHE AA T, AFANA A dolE FH5}
EEd wfgro] Aol wslE gRIshy] fIste], ulge] dolg FHA HAiye =

PM, ;=3 7(7.66 cm)ollA] A4 tZT(9.80 cm) tiH] ¢F 11.37% #AE JEhdlth. whd, B FZ2E Ao
(WP200; 8.43 cm)¥} EE 2o]#(Mix200; 9.10 cm)S AAF R H|A] EAZOR Fo %ol 3oz o
Ze] dol7t slEx= AR YEYTH(E la 2 1b).

<ddd 2> N nAE 4F W95 54

G 1% (Gut microbiome)®] Wsh=
ON, Canada)Z AM&3le] DNAE S5

sequencing A HS AFEStY] FUAF
AU mAE 7% W3S geldt A3 Phylumdl A+ vAHA 3ol o8] 8% 752 Firmicutes®] 749t
Bacteroidetes9] 717} TZHJAT, &2 (WP200) 3 T2 Mix200)2] 2ol ot 7jdS @A ekgk

(= 2a).

Family o419l $Hd = Lactobacillaceae
itk B FEE2(WP200)3  EFE(Mix200)
s A4S &9 & 5 Y (= 2b).

Genusell A=  wAAA  w=Fe 93} LactobacilluS(Family; Lactobacillaceae), Alistipes(Family;
Rikenellaceae) @& o] F7Fst= ®sh7t #FHATHE 2¢). 53], xAQA Foldo= ¢# % Lactobacillus
= HAWA =E(1.21%)00 o A izt ] (59.12%) 754113] AaveE 24945 Ued 94, B FEE
(WP200; 6.14%)3 A =3E(Mix200; 20.06%) 2o]= E3lo] /MAE Z234E YeErW

171 S QIAamp DNA stool mini kit(QiagenCanada,Mississauga,
t}. o]& 3Z=3% DNAE Next-generation sequencing(NGS) 16S rRNA

243}

9 oft
o X2 mi

2
£ 4

Aad 4FS YeEldloen, Rikenellaceaet: S7He 7
o] = i

tlo ool
o
Buig

s rr

Lactobacillaceae, Rikenellaceae WJXM 7

Speciesoll A& FAIFSRE FoHQ ApolE Yel&= 537 #57F AEHNSH, 1 F Lactobacillus murinus
group(Firmicutes; Lactobacillaceae; Lactobacillus)& Xq"‘hiﬂz—? 57.79%% $HZFo 7 YElgrH=E 2d). v
AR Aol A e 1.15%% A8 HAE A3E vEeion, FEE 2 o] (WP200; 6.03%) 3 E3+E 2
o]+ (Mix200; 19.71%) M &= tha dE AxE YeR

olg1gt AFEL AFEE Ao|7} AW FAw(Lactobacillus murinus group)S ¥ HO0 84 FIH o R

_11_
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AR A 2 fskE G #Fe AT Aes dddn

> T3 A %4 (Short—chain fatty acids) 4]

e 5 mM NaOHE o] &3t wdst &, AAE2(12,000 Xg for 10 min at 4TC)3te] s dS FHst
} 5o 2-ethlbutric acid, propanol/pridine(3:2) % Propyl chloromates #7}8}o] Ao 183 b
Al713L, o]Z Hexanel & FZ3}o] DB-5MS column(5% phenyl methyl siloxane, 30 m X 0.25 mm, thickness
0.25 pm)¥ GC-MS(GC-MS-TQ 8030 triple quadrupole mass spectrometer, Shimadzu, Kyoto, Japan)E& ©|&3}
o AT, B4 21 gS Zo] Mgy, Split ratio 50:1, Injection temp 260C, Column oven
temp 60°C, Flow rate 1.0 mL/min. Initial temperature 40CelA 53+ §x|5tH, 310C 7} & wj7}+] 10T
/min®] W]&& FASHAT.

Ul ] Metabolite®l ©3)l #|*4k(Acetate, Propionate, Butyrate)S S48 Ay & 37 2t} PlL=%

oo 32

(Acetate; 4.16 mM, Propionate; 0.27 mM, Butyrate; 0.42 mM)ellX+= g7 vz (Acetate; 5.39 mM,
Propionate; 0.32 mM, Butyrate; 0.70 mM) ©thH] Acetate$} Propionate’} 749 ZA¥E Yeldiu(xE 32 2 &=
3b), Butyrate §ZF FAH R {Fo4% <l Aol7t gle Aow FRIHIJTH(= c). WA, d 5 FEE Aol
(WP 200; acetate; 9.08 mM, Propionate; 0.38 mM, Butyrate; 2.07 m)3¥} # 35 FZEE(Acetate; 9.11
mM, Propionate; 0.35 mM, Butyrate; 4.30 mM) o] 25 A4 thxa39] ]J—J’— Al & w9 =2 At
S UE

<A 4> ZuMER FE2A GFuEsd U3 JFRF A F9F a3
4-1. Western blotHS 83 iz GH=SH
ZA oA ez 942 1% Protease inhibitor cocktails(Thermo Fisher Scientific, Rockford, IL, USA)©]

shREo] A= ProtinEx | Animalcell/tissue(GeneAll Biotechnology, Seoul, Korea)® &3} AT}, #2dH
S AAET (13,000 Xg, 128, 4C) A &, AZNE Bradford A2 (Bio-rad)S AFg-3le] Feko] whildo]
HrE wxQdt). o] & Laemelli buffer(5X)E H7}ste] 95Co A 58%F W2 A17# | Sodium dodecyl sulfate
polyacrylamide gel(SDS-PAGE)S &35t Esich. Eoxl  d@wzade Polyvinylidene  difluoride
membrane(Millipore, Billerica, MA, USA) S & TransferA# 5% BX-FZ AF&3}lo] Blocking 31t}. Blocking
A1 Membrane 4CollA 1:1000= 3]A138F 12} @A (Santa Cruz Biotechnology, Santa Cruz, CA, USA)&} SHA
WHE-AIZTE. Overnight $-, membranes 1:5000% 3]A41gF 22k &A|e} A Aol 2417 &<k RESAIZAL,
ProNA™ ECL Ottimo(TransLab, Daejeon, Korea)Z #7}3}e] ChemiDoc(Korea Biomics, Seoul, Korea)Z %3j
A=3H3T).

4-2. Cytokine ¥4

AEA Cytokine(IL-6, IL-12(p70), IFN-y, MCP-1 INF-a) #2412 Milliplex MAP mouse high sensitivity T

cell magnetic bead panel kit(Merck Millipore, Darmstadt, Germany)E A}&33on, MAGPIX@

instrument (Luminex Corporation, Austin, TX, USA) #24]744]2} xMAP technology and XxPONENT 4.2 software®
&3l EAskSIT).

4-3. A=}

g Ao A mAAA] FeA Akl g JH FEEY] 595 543 AR = 49 2o mAWA
&% Aste] i W Toll-like receptor(TLR)-42] @& =7} 3101 o]:= Inhibitor kappa B-alpha(lk
B)A L*J:@}E FE=3to ZM Nuclear factor(NF)-xB&Fe] ZAgHS u‘ﬂé}‘}iﬁ}. ul A HA] =Fo] o]g NF-xB 7

ASHES FEste ARE UERITHE 4a). O Ao Ao NF-xkB A& A3t 54
Cytokine(IL-6, IL-12, IFN-y, INF-a 2 MCP-1) W&ol 57}54
ZA A9 ATREEe] FEES Fl & 5 AATHE 4b).

1

ﬁ

Aoz el nAHx] w=Fo o3 i
5 Aol (WP200) ¥ &3& 2ol (Mix20

‘W' rlr o.
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0)2 NF-xB A2 &4 A& T3 ATHozE 9354 cytokineE(IL-6, IL-12, IFN-y, TNF-a % MCP-1)<]
WEe Eddon zadond dF 249 AFNse Addon zddtd Bge T 4 e Aow B
SEEN

<Add 5> thF ZF 9 tight—-junctiond WIZ &3}

Tight-junction WAlA ezl e FFd(Occludin), Z#-%9(Claudins), Junctional adhesion
molecular ¥ AFH(Ricellulin)@ T+ £ Jobdl # Ad(Zonula occluden)® o] FoiA Q). o]
= Ax RS FAlelo] EdaFd dojste G Vs FoEn Yoy dFo2iY Woldte 8
g JES st o= dEA dut. sHAINE, 9HQd 2EY ol&l] Tight-junction®] =4HH FHE=7}t 5
ZbEE, AR 545 FYsiAl |k, mabA, v A w=Ed g 22 oA Tight-junction 74 @A
¢l Occludin, Claudin-1¢] #&dFS AP, 2 A= = 59 2. vAHA wZF 98 occludin®t
Claudin-19] W&o] rAaFJow, EFFE 2o+ (WP200)2 Occludin, Claudin-19] W&& BT 7HA 7=
Aoz yehgton, E3E 2o (Mix200) 9= Occludin® HAHFS 71 A7l AxE Jehllg. o3

[
2

A= vAEA FEA Tight-junction &4 A FEE0] aH oz MAANA Fo=2H e 75 =
£S5 = 5 e Axz dddn

<ddd 6> FaAgdH B4 24

6-1. B EA}FMolecular weight; Mw) =3

A7 FEE 3Eo] 4= F Polysaccharide 382 ¥ &-3FH(Phenol-sulfuric acid) S W3l =4
AT, FEE 5% Phenol &9, I A4S go] 2083 A2e WA F 470 molA FHEE
S8tk FF=4 Glucose o838kl FE=4S #Astar, olel didatar Atste] Yeblvh(E 1).
F 1

Total Mw (kDa) |sulfate |Relative Area (%)
polysaccharide (%)
(%) Fucose |Rhamnose Galactose |Glucose |Xylose Others

46.23 £ 0.39 220.49 43.25 6.52 7.83 44 .24 - 23.18 18.23

o

6-2. & ZAFtE o= (Polysaccharide) &8 =34

A0 FE2EY HT EAES Gel permeation chromatography(HLC-8320, Tosoh Bioscience, Stuttgart,
Germany)E o] &3l FAsIAT. Alae SHFF £3AA 0.45 pm Nylon filter(Millipore Co., Bedford,
MA, USA)E o33l tt. Tskgel guard PWxl, 2 x TSKgel GMPWx1, TSKgel G2500PWx1(7.8 < 300 mm, Tosoh
Bioscience, Stuttgart, Germany)”} Z3%¥ Column< AF&3le] 0.1 M NaNOsZ o]EAto® &le] 1 nl/minl 2

RI-detector® A3 TH(E 1).

e

6-3. it (Sulfate) TF =
#3 FEE 0.2 mLol 4% TCAE 9 3.8 mL 3 BaCly-gelatinAlofF 1 nLE FH7kstel awhstir 20&3F WAg &

=
360 ol Al FFEE SAUAT. BF AFAL KS0,= Akl ] S A=t 1).

e
sl
i
e
i
2
%
o
i
2
%0,
rlr
U
oX,
oft
Shd
K >

1S HPAEC-PAD system(Dionex, Sunnyvale, CA, USA)E o]g&3lo] =4

_13_
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3tth. AlE& Trifluoroacetic acid® 7Hallgr §, sA7AXsL SHFA £3A1# 0.45 pm membrane
filter(Millipore Co., Bedford, MA, USA)E o3}&}Slt}. CarboPacTM PAl column(0.4 X 25 cm, Dionex,
Sunnyvale, CA, USA)S AF&3le] 18 mM NaOH/200 mM NaOHE ©]s S =2 3}e] 1 mL/min® = RI detector® w4
sk, FAZe A4 - goe GF EF%(Fucose, Rhamnose, Galactose, Glucose, Xylose)?] wF-EAIZY
(Retention time, Rt)¥} WAL - FF3dto] YEpATHGEE 1).

Fo YL B24S 543817 98] UPLC INS-QTOF/MS(Vion, Waters, Milford, MA, USA)E o] &3lo] EAa}%
om . AgE 50% WErge] &8 3 0.2 pm filterE o]&3le] o33iddt. AHEL C18 column(100%x2.1
mm, 3.5 pm, Agilent, Santa Clara, CA, USA)& AMESIlo™, ol &2+ 0.1% Formic acid’} &% 3
2k FFHG(A)9F 0.1% Formic acid7b &3¥ Acetonitrile(B)& AF&3llar, B &wje] W& =312 th5¥
2o 0.1-25% 0-2%-, 25-50% 2-8F-°o2 F 8FEIF EA3} ). Electrospray ionization(ESI)2] Positiveion
R 2 AE3te] TS 7o ® £ A2 L%, 100T; Desolvation line 2%. 400C; WX 2
A, 10-30 v; BEAMT A}, 2.5 kV. HEH BHELS 50-1500 m/z © WelA A5

<Adq 7> UPLC Q-TOF MSE &&3F WITAHEZE B4

B FEEY Fod AFYEAS BAS 29 & 6 2 3% 29 Zrh. Peak 13 Peak 2(0.85, 1.58
min); Porphyra-334 isomer(m/z 347.1450; 303, 244, 227, 186), Peak 3(4.36 min); Palythene(m/z 285.1438;
241, 197), Peak 4(4.93 min); Palythenic acid(m/z 329.1333; 279, 253, 233, 205, 187, 150), Peak 5(9.92
min); Pheophorbide a(m/z 593.2760; 533, 460, 447)% 57}#] Edo] T4 % FAEHU. Porphyra-334,
Palythene, Palythenic acidE 3|ZFol] EAlste Aoz 2#]Z Mycosporine-like Amino acids Alg< Az &
A &5 4 o]H | Phaophorbide at= Chlorophyll a f#¢ dxlalEd=z el i),

Z 2
Retention  |ESI+ Collision |Fragment ion Identified compounds
time (0/2) energy
(min) (eV)
0.85 347.1450 25 303, 244, 227, 200, 186 porphyra-334 isomer
1.58 347.1450 25 303, 244, 227, 200, 186 porphyra-334 isomer
4.36 285.1438 25 241, 197 palythene
4.93 329.1333 20 279, 253, 233, 205, 187, 150 palythenic acid
9.92 593.2760 40 533, 460, 447 pheophorbide a

AP 8 EAXE

BE A¥E dbE A8 & peanSDE YERIT. AE Ao FAA FoAd SAS software(Version 9.1

SAS Institute Inc.,
variance (ANOVA) ol

Cary,

NC, USA)E
ofsto] At Ao,

o] &3}

7 a%

Bt gkl g

multiple-range test) o2 Fx= 5% =(p < 0.05)9 4 HZE=3}A T},

ol A 74A] ol thsle] 1 wpeghA g

) ]
w4 A

< One-way analysis of
9] FoAe Duncan® YEHAA A (Duncan’ s new

o] Lot
UEERILE!
#o] ofviet MwHel
bt glow, sk BEE W9l el

frorke

_14_



k1
N2

1
(g

Ila

Normal

8 9 10 1

PM” &#

exposure |||||||m||m]1||||||||pmpm;lllI|IIHF“W“]TWWW“FWWWWW”|”"|

WP200 L’» S =

ol i e A i i
12

control |IIII|IIIIIIIII!IIII|IIII|IIII|IIIIII” T |I|||||1 il]““] if]““l T il““] II|IIII|
o 1 2 3 q 5 6 7 12 13

Mix200
W i e
o 1 2 3 4 s € 7 & 8 10 11 12 13
ZH1b
wa Water extract from P. fenera (WP)
] Mixture (water:80% ethanolic extract=8:2; Mix)
12
a
'E 10 :I_ b
< ¢ :
: .
S 8- ; \
C B
] N
o .| \%
& / .
ke N
N
2! -me
i) / \\‘\\\ B e
Normal PM, WP50 WP200  Mix50 Mix200

control exposure
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Relative phylum abundance(%)

1
(g

Relative family abundance(%)

Firmicutes

PM2 5 WP200 Mix200

WP200 Mix200

501 Bacteroidetes

a
40 a
a
30
b

20
10

o

NC  PM25 WP200 Mix200

Lactobacillaceae

NC

bc
c

PM2.5 WP200 Mix200

.

WP200 Mix200

Rikenellaceae

a
ab

NC  PM25 WP200 Mix200
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Relative genus abundance(%)

Relative species abundance{%)

20% -
10% -

ZIHSd 10-2022-0133487

NC PM, 5 WP200 Mix200
Lactobaciuus 191 Alistipes »
80 i T a
| ab
3
40
. b
20
2
a

PM25 WP200 Mix200 *TNe PM2.5 WP200 Mix200

NC PM, s WP200 Mix200
Lactobacillus murinus group
i a
40
20
be
c
0

NC PM25 WP200 Mix200
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EW3s
14 -
Water extract from P. tenera (WP)
Mixture (water:80% ethanolic extract=8:2; Mix)
a
E 10 ab
2 4]
£
5] be
U 6 A
2 ki
8 c
S 4
L i
2 4
0
Normal PM, WP50 WP 200 Mix 50  Mix 200
control exposure
EH3b
0.6
Water extract from P. tenera (WP)
528 Mixture (water:80% ethanolic extract=8:2; Mix)
_ 0.5 =
=
£
0.4
! ab
S
£ 1 be \
8 03 :L N
%\.
S 02 . N N\
o : N
s f« NN
a Z N N
0.1 | 7 N
7 N \
o AN
. \ N\
0.0
Normal PM,; WP 50 WP 200
control exposure
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Butyrate contents (mM)
w

Water extract from P. tenera (WP)
EEEEE Mixture (water:80% ethanolic extract=8:2; Mix)

) ’;—l 1 % %
Normal PM, WP 50 WP 200 Mix 50  Mix 200
control exposure

E4a
NG PM,; WP200 Mix200 o
e [N B L e
NF-kB (p65) ’ e BN B
pikB [ “ B AN - 46
B—actin‘ - —  —— O oy %5
*ITLR4 *INFcB :: p-IkB
4 15 12
3 10 i
1.0 b os
2 & 05
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