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Abstract

To increase industrial applicability of Astragalus membranaceus (AM) as immunostimulating materials, hot-water extract (AME)
was prepared from AM and fermented with Kimchi-lactic acid bacteria (Lactobacillus sakei & Leuconostoc mesenteroides) to prepare
fermented AM-postbiotics (FAME). Although FAME prepared from AM-postbiotics did not show a significant enhancement in
macrophage stimulating activity compared to non-fermented AME, crude polysaccharide (FAME-CP) fractionated by EtOH
precipitation from FAME showed significantly higher macrophage stimulating activity than AME-CP. Compared to AME-CP,
FAME-CP showed dramatic changes in component sugar and molecular weight distribution. FAME-CP was a polysaccharide with
a major molecular weight distribution of 113.4 kDa containing Man (44.2%), Glc (19.3%), Gal (10.2%), GalA (10.2%), and Ara
(7.4%) as sugar components. FAME-CP with enhanced macrophage stimulatory activity not only increased expression levels of mRNA
genes encoding macrophage-activated factors (iNOS, TNF-a, MCP-1, IL-6, and COX-2), but also led the nuclear translocation of
activated p65 and c-Jun. In conclusion, crude polysaccharide from AM-postbiotics fermented with lactic acid bacteria could increase
industrial applicability as a functional material with enhanced immunostimulating activity than AME-CP.
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A S 2021). o]&st
0_15 = Sl &7|(4stragalus membranaceus)—: tfeel=
oFAMof 25 o] 9l FTH(Leguminosae)o] £5H= o 234t
o] thiA ZEAEE, HUORE Tl glon, W,
5 5 obAlob At 57 % obmelst 3 Aol 2
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2 AoflA= 20229 770l A AElE B71(A. membranaceus;
AMYE @o]|o] x| ZEE(Pochen, Korea)o| 4] Fufjglo] —70C
(Ilshin Biobase, Seoul, Korea)ol| 4] HIelHA AREst9ct &
7] @LFEE(AME)RS AXE ST 204(wh) B 7Fst
o] decoction HIHOo &2 F& 9 YAIEF] (8,000 rpm, 4C, 20
min, Gyrogen Co., Ltd., Daejeon, Korea) & A5 H-S 345111
o] }5}0] (Advantec, Tokyo, Japan) B84 AAES A|A 5}
T, ojTkotS 7Rb5E 7] (Eyela, Tokyo, Japan)2 5% T 5
A7 Z(llshin Biobase, Seoul, Korea)o}o] ZA|o} . T30 2
3}7]-E A EHo] Q Bl A(FAMEy= ()T A|AHL0]  (Jincheon, Korea)
oflA Kim 5:(2022a)0] Al¥ A4 & - FHT FARE
(Lactobacillus sakei®} Leuconostoc mesenteroides)& AMEO]
1107 CFU/mL AE8}0](5% 1)) 35CO|A] 24A]7F Hjka}
3L 121 ColA 1587 B3 & YA E2](8,000 rpm, 4°C, 20
min)= 45HE 3|5oto] 55 4 FEUXE ZASHAH
207 AMES} FAME: A% 2847 ZA17] 1 95%
FHE SHH(W/V) A7yoto] 9] wRkEE & AR E &
3 AAELS 3451l FAMWCO 12-14 kDa, Spectrum Lab.
Inc., Rancho Dominguez. CA, USA), 5= 4 SAAZXZE 87|
rFEE 2UHY GE(AMECP)Y §7]-ZAEHO|QH
2 2 HEFAMECPIOE 77t RE5schFig 1)

2 MEF B2 T2 & DIME X8

Sl A| L3259 (Korean Cell Line Bank, KCLB, Seoul,
Korea)o| Al RAW 264.7 AN EFE 45}0] Dulbecco’s
Modified Eagle Medium(DMEM; Hyclone, San Angelo, TX,



Vol. 37, No. 1(2024)

Astragalus membranaceus (A. membranaceus; AM)
- Addition of DIW and boling to the half vol. (decoction)

- Centrifugation (8,000 rpm, 20 min)
- Filtration
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Precipitate

Discard

Hot-water extract (AME)

- Inoculation (1 x 107 GFU/mL)

- Incubation (35°C, 24 hr)

- Autoclaving (121°C, 15 min)

- Centrifugation (8,000 rpm, 20 min)
- Filtration

- LAB isolated from Kimchi (Kim et al., 2022a)

Supernatant

- Concentration

- Lyopilization

Fermented AME (FAME)

- 80% ethanol precipitation
- Centrifugation (8,000 rpm, 20 min)
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- Dialysis (cut off 14,000 Da)

- Concentration
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Crude polysaccharide (FAME-CP)
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- Centrifugation (8,000 rpm, 20 min)
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Crude polysaccharide (AME-CP)

Fig. 1. Fractionation scheme of crude polysaccharide isolated from AME and FAME.

USA)°]| 10% fatal bovine serum(FBS; Gibco, Waltham, MA,
USA)T 1% penicillin/streptomycin(GenDEPOT, Katy, TX,
USAYZ H7HSE WX S o :3ko] 37C, 5% CO, Z7A0)A] b
oF AP A BHIE 5] 9As) RAW
264.7% 2x10° cells/mLE 96-well plateo] 200 pLA z+zh B
Sto] v F710l A monolayers FdT W74 EHSHAIF T
o, RAE AR AYNT YEAL BT AAND
serum-free DMEM(SFM)Z+ A3t 5= 2 3435 Al 25 A
Stof 24417t & AEiFEEAT. o] % Atk Ax(nitric oxide;
NO)&= griess assay(Tursun 5 2016)=, tumor necrosis factor
(TNF)-a(Invitrogen, Carlsbad, CA, USA), monocyte chemoattractant
protein(MCP)-1(BD biosciences, San Diego, CA, USA) %
interleukin(IL)-6(BD biosciences) S5-2 sandwich ELISA W'H&
o|gste] 42 NFsIRC™, ZZ sodium nitrate
reference standard2 ¥ A4S I8 TFE A E
St A|Z Ao wE AEZEAL 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenlytetrazolium bromide(MTT; Invitrogen) A|2FZ o]|-&
Sto] S5kl 20, F-#] 2] (negative control; NC) ThH] A2
A2 -E(viability; %)= UEHATE

B ¥ 74E 24

Hg e 7] 9 §7]-ZAEHP| QYA FrigeRo] F
F4-2 DuBois 5(1956)2] phenol-sulfuric acid] .2 S4]
, Blumenkrantz & Asboe-Hansen(1973)2] m-hydroxybiphenyl
o] &5l AMdH FFE EASH o, EEFEEE glucose
(Glc; Sigma Aldrich, St. Louis, MO, USA) ¥ glucuronic acid
(Gle A; Sigma Aldrich)S 0]-€35}0] ww(%)2.2 Jerdch o
2] SFkO. Bradford MM(1976)2] ®Fof w2} bovine serum
albumin(BSA; Invitrogeny& =52 2 A ARE-oto] B35
o, & Zf = ¥ E42 EFEAE gallic acid(Sigma
Aldrich)Z AL8310] Kim 5(016)2] #1-8 o} 851l 2415}
At E3L 2oidE 2o 44 E42 Honda 5(1989) H
Shin 5(2021)9] ®WHE st WA, Algo] 2 M
trifruoroacetic acid(TFA; Sigma AldrichyS *]2]5}o] aldose T
2 E5t 0.3 M NaOHS} 1-phenyl-3-methyl-5-pyrazoline
(PMP; Sigma Aldrich)& 7}3he] SE2e} PMPE AZHA7]
FEAZ HAIZTE o]F 03 M HCIE 715t] RE=AE 5
S}A7]13L & 2 chloroform(24) iAoz £a] U &3t
5 B =2 22 5to] PVDF membrane filter(0.45 1im, Jaema

Trade Inc., Gwangwon, Korea)= ©1}5}o] HPLCZ £4& #
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Pt3ict. HPLC 240 A 272 Table 10] YERS
), B4 Ai}= peak area?} response factorg 0|85} mole
%= A4boFATE

4. EXjE B

MR 19k Bl EAEHoloE A EoeRe B
A} E3X = high performance size exclusion chromatography
(HPSEC)Z. WSSt =, A5t E2 s4e A2s
PVDF membrane filter= ©]3}5}a1 Table 19] ZAC0Z BA5}

R FFAFIUIIIA

BEE Z75to] Aotk 2HH, cDNA -2 ReverTraAce
gPCR RT Master Mix kit(Toyobo Co., Ltd., Osaka, Japan)Z ©]
85191t mRNA @2 SYBR green PCR kit(Toyobo)S A|
ZALS] Wb ol whah ARR-5HO] real-time PCREA]S A5
O™, Quant Studio 3 real-time PCR system(Applied Biosystems,
Waltham, MA, USA)© 2 B4I5190t}. Z17te] 27 e &
st A|ZE A3t glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) Yd=-Z o]-8sto] HAst o, ZAFAIgE primer
sequences= Table 20f LE}SATE

A=, EFEZ-L galactose(Gal; Sigma Aldrich) ¥ t}oFst

EA}9] pullulan(Shodex, Tokyo, Japan)y2 ©|-85}%.1, retention 6. oy SHZNE 0|26 CHAIM|ZE 25| 21 MARIR}
time(RT)E &3 E-IAZ 2%t & A5 RT} B 5t 9| zha
o] kDao & AAFsFAT. A W EAQ A eHG AARIARRI NF- KB(P65)9}

AP-19] AARIAL F 3}1'}?1 Jun# @ Y 29| o]F ofF

W3S o] 2a) 29Fo 7 BFolslgrt =, 24-well plate
A} ghsigk 2N Qtofl 12 mm cover slip& —1}2} 27 0.1% gelating 500 pLA
RAW 264.7 H|ZZE- 8x10° cells/mLZ 60 mm disho]] 5 mL*] Folo] 3087 ®FA|otal, of &9l A5H2 AASTHLY. o]
7+ B=35131 ¥ 7] oA monolayers @AY wWj7FA] A& B RAW 264.7 A|ZFZE 22x10° cellsymLE ZA3}o] z+z}
g3ttt o] % Hjg ATAS KT A|ASEL SFMat 900 LS B3} HjoFr| oA 347k S0t oA ElE xIs)s}
193 SER SAT ARE Aste] 44 SU ANF  Gow] ARE 100 uL Held T Al BeolA 34 5
sttt HioF g7 & AFSHS 93] A|ASHL phosphate- oF Ajufoslct. vl & 4% formaldehyde(Sigma Aldrich)S
buffered saline(PBS)S ©]-&35}o] A|25}17 RNeasy Mini 500 uLA 7Felal 1587 WHA|ste] 14510, ol Z+
Kit(Qiagen, Valencia, CA, USA)YE 0]-85}9] total RNAE = well ¢Fof 300 puL9] 5% BSA(in 0.1% Trion X-100; Sigma
St H, EE]H RNAE 260 2 280 nm@] H9]of| 4] Nanoquant Aldrich/1 xPBSYE A 2|5to] oA 147 B2t BHSAIR
Infinite M200 Pro(Tecan, Mannedorf, Switerland)Z ©]-8-3}o] & o} tr2 o2 PBSE o]&3dlo] AASH FH 12 FA|(p6s L

5. QRT-PCRE 0|25t CHAIMIE & QIXIe] mRNA
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Table 1. HPLC analytical condition for component sugar and molecular weight distribution of crude polysaccharide isolated
from AME and FAME

Analysis Component sugar (A) Molecular weight (B)
Dionex Ultimate 3000 Agilent 1260 Infinity series
HPLC system . . . .
(Dionex, Idstein, Germany) (Agilent Technologies Co., Ltd., Palo Alto, CA, USA)
YMC-Triart C18 Superdex 75 Increase 10/300 GL
Column )
(YMC Co., Ltd., Kyoto, Japan) (Cytiva, Marlborough, MA)
Column size 250%4.6 mm, 5 um 300x10 mm, 8.6 um
Column temperature 30C Room temperature (RT)
Flow rate 1.0 mL/min 0.5 mL/min
0.1 M sodium phosphate buffer (pH 6.7):Acetonitrile )
Eluent 50 mM ammonium formate
82:18
Injection volume 20 pL 20 uL
UV/Vis Detector Refractive Index Detector (RID)
Detector

(Dionex, Idstein, Germany)

Chromeleon 7

(Agilent Technologies, Palo Alto, CA, USA)

Integrator Agilent Chemstation
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Table 2. The primer sequence of the mouse for qRT-PCR

gl maEbjo] QEAY] SAlME B ThR 21

Genes Primer Primer sequence (5’—3") Accession number
Forward GGTGAAGGGACTGAGCTGTT
iNOS NM 010927.4
Reverse ACGTTCTCCGTTCTCTTGCAG -
Forward CCCACGTCGTAGCAAACCA
TNF-a NM_013693.3
Reverse CTTTGAGATCCATGCCGTTGG -
Forward CTGCATCTGCCCTAAGGTCT
MCP-1 NM 011333.3
Reverse AGTGCTTGAGGTGGTTGTGG -
Forward TCACAGAGGATACCACTCCC
IL-6 NM_031168.2
Reverse GAATTGCCATTGCACAACTCTT N
Forward TGAGTACCGCAAACGCTTCT
COX-2 NM_011198.4
Reverse CAGCCATTTCCTTCTCTCCTGT -
Forward GGGTCCCAGCTTAGGTTCATC
GAPDH NM_001289726.1
Reverse CCAATACGGCCAAATCCGTTC -

cJun; Cell signaling, Denvers, MA, USAYS A g|5}o] 12A|7F
ol ukgA|A ) B-So] By 3 2%} 314 (Alexa Fluor 488
anti-rabbit IgG; Cell signaling)E *g|olo] AoA 70& &
oF BHSA]Z] T cover slipS E-2]5Fo] DAPI(4,6-diamidino-2-
phenylindole; Thermo Fisher Scientific, Waltham, MA, USA)S
slide glassol] 7] A2]gh oh FedA | (IX73; Olympus,
Waltham, MA, USA)E ©]-85}0] A|Z9] HEjE Stoz
Falsict.

7. SHANzZ|
HE A2 33] HHEsto] BASIGl o, A= Hu+it
Z 1 X}(standard deviation, SD)& LFER 21T} RAW264.79] O
AAE A2 B4 U 947 SRS SPSS V26(SPSS Inc.,
Chicago, IL, USA)S ©]-85t Student’s t-test2 A At5la] zkz¢
p<0.05, p<0.01 & p<0.001 o4 84S AZsHct &
& Amo S BY F AR 240 49, 40 £l
d B7HE 915l ANOVAE AAlsto] 7+ S44k 719 794
< Duncan's multiple range test2 p<0.05 $FoA A4S
SoriH
Zn} ol nE
1. &7|-ZAEHI0|2E|AQ| CHAIM|Z X|= &M H|mEI}
2 A4 o] &H A [ RAW 264.7 AN L
£ AU FRHY ATE £, AR5
Aol gt Wofut ATE Yot AR LA Aot
(Yu 5 2012). =35t ﬂﬂg}g}ﬂ AN E = T4 283 3
THFeE Ao EFRRITF AETIRIS] HH|ZHE-S Sl 29

EAREE £FE HS5 HIAAE A3 Son 5
2022). & Ao A= AR A= S
o] WA, RAW 264.7 A|EF0] T3t 7] A55ZE(AME)

U 7] EAEH| QEAFAME] GHAE B Bl
B7lslelet. WA, Fig 240 A2 HPjol] T RAW 2647
ARFe] AEEH B7HE Gehleh §7] 955EE 2 Y

7]-EAEHO| Q Bl AL 5100 ug/mLo] FToA&= NC tjz
o TH] 80% o] Al FEES UERIC =N, A= A7
o ME NE=HE UHUA %= AR ZRIFHJAT

(Lépez-Garcia 5 2014). 0]_,— AN E A5t Fa Qlzfel
NO, TNF-a, MCP- St WA, o

AANA R=- 1 gk A o] E4E g#X NOY
%‘*é%—% B71%t A3HFig. 2B), ¥ 2= o8 LPS
AT 1 ngmle] =4 NC th27-5.6 uM) thH] 74.6
uM(eF 1338 S7h9] 52 eI, AME= 503
100 pg/mLo] HEo A 1477 33.7 pM2.62} 6.08] Z7H9]
SE-2EA B5S HEt Y, FAME= 100 ug/mL
o] FEoATE 8.5 uM(L5H) S7hH2] BA5S e i

%3}, TNF-a, MCP-1 2 IL-6 A3/ A & (Fig. 2C~Fig. 2E),
AME: 507} 100 pg/mL2] 3555 9] of| 4] FAMEOﬂ H|5l B4
o7 2235k TNF- a Z MCP-1 JAA5L JeFHS Hrl o}
Yzt IL-69] 73-9-°ll %= 100 ng/mLe] lEEOW FAMEX T} 5
AHo= {o5t BA5o] ERl=gIrh AME 9 FAMEZ! o
AN A= B4 Bt 23, AMEZL FAME] H]3] &
AXOC R 4% U S4S B ol g4F2
o= &5, SR olE ¥ fHT 59 A4 =4
W g 2ol EAE ] Qlof, LEA AFY] =4o] of
AN d3to] YEAR ZHERth= ofe] A9 B
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Fig. 2. Macrophage stimulating activity of AME and FAME. RAW 264.7 cells were treated with AME and FAME for
24 hr, and evaluated cytotoxicity effect (A), and production of nitric oxide (B), TNF-a (C), MCP-1 (D), and IL-6 (E). Results
are expressed as meantS.D. of three independent tests in triplicate. Different asterisks on the column indicate significant
differences between negative control (NC) and each group by Student’s r-test. The crosshatch patterns expressed significant

differences between samples within the same concentrations.

“p<0.05, " p<0.01, " p<0.001.

lipopolysaccharide (1 pg/mL); positive control, AME; hot-water extracts from AM, FAME; AM-postbiotics.

NC; negative control, LPS;
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(Hwang & Shin 2008; Lee H 2012)Z F-¥], % =

7} Wegstel] Wele T es Row +7g§ % ASie
wheha, W3k 7] AMES} FAMES] A¥A} B9S AA s
3 184 B 574717 $Istel, 7
Hedon nEA BANS BT 4 Qi Ao 1
%4 AAH(shin 5 202)0% ZriFHR S LT 5
AZ A3 24e A5t

2. &I|-ZAEHI0|2EA ROt 2129| Of
M HlmEI}
ArHA o2 P 3
< FE IEAR] tEF e S-S 29kt
o] et ILEAEE-L HAAIE &3] HoiTl
AL UeHKim 5 2010). wEhA, & Ao A=
Y4FEE(AME)T AMES]| | 4kt HaA
B7)-ZAEHO| QEAFAME)] A4 4TS
oz ZYstr] f&) =4 JAHLE ol-8sto] =of
(AME-CP?} FAME-CPy2 #2131 & t 44|12 &35 %
SktE WA AlmA Eof gigt A=A B7HE 24T
(Fig. 3A), 1~50 pg/mlLo] FTo Al NC tiZ- tB] A|3E 4
£0] 80% o]l A2 EEC|N, BHE AR RE 0501]
A 23512 NC ti23- tjH] A= |3t tfAlA| x50
FA5S FAT 5 UATH o] HANE 452 T4
2-& 57k NO 3 Hfet cytokine 49} o4 HH2HES
S| A FdFE A= ALeE HAEHI Qlo|(Yu &
2012), 37] 943£83 §7|- T AEHO|QEIARZRE B
e 2o gE2 WY A2 ST = A 84
stof] 71y 4= U AL E HWHEHUT HANEZ dut
TREo] Qe A& F HA, NO9| B2 =Rlet 23t
(Fig. 3B), AME-CP+ 1~50 pg/mL2] 504 NC gjZ- tiy]
32.9~39.5 uM(1.1~1.38] Z7hH°] FAS-S H T FAME-CP:=
352~43.5 pM(SF 1.2~1.58) Z7hHE §ojH 02 AME-CP}
AR NO /352 HEth 184 TNF-a2} MCP-12] 4§
35 (Fig. 3C, Fig. 3D)O| A= NO ZA3}e} &2], FAME-CP7}
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(4.7~149) 9 677.4~1,988.9 pg/mL(1.4~4.080)9] §-ojxo=
T8t 5= UERH B3, golu 2214l 9ls)
g0l A EHA HANHE SAIE B3 55 ol
71ofsh= 1L-69] 345 ZINFig. 3E)°1A=, AME-CP7}
1~50 pg/mL RE oA NC tiZ(90.2 pg/mL) iy
100.0 pg/ml(1.118] F7h =9 FF5= Hetd HHd,
FAME-CP= 1~10 ng/mL7}Al = AME-CP2} F-ARRH A5
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52 YERT Kim 5(2018)9] AolAf Hejo] Ak %
Abt 59 A2 &9l daso] dojdl 2ohg 2lFo] 9
FHANE A5 E8E dHehllthe Bile 2 A7aet
FARIEET, ol RS 53 24 A2 WP tiAA
E 2glo] 9T F= AR SHdEt d2HeR,
4 HHZ 53 Oé% AMECP‘— AME-CPo] ®]3]| &= vt

olL wHolA EAZ R S50t AN E A5 BES
Efui Q= TE7E o 4] li 29t 24 Wsks 2935
of WS A AR F450] &MEH}OIQEJA
9 A 9 2rid G 2419 AHIH

o]t 4% 2 TAY RAE

¢

ol

2 #dHo], 2049
st
3. 87| ZAEHI0|2E|A OIS &2o| MR U 74
g 24
AME—CPQ‘r FAME-CPO] 3H75 o] = 7448 &4 23t
+ Table 30| Uetiglct. AME-CP9| 7¢ol= F/4F0l
87.8%§ FAEOIIL ARG 11.4% FFE o, T

0.5%)} & E2H=(0.3%)> 2F TF=o] ASIH ehH,
FAME-CP9] #AR-0&= EA4Y 744%% AT 18.6%=
AME-CP} 9-0]H 07 2 ZJo|E Ho|Ax groL) 24
2 HastiA AdEo] S7kekela, el d ) F S
< 47% A 23%=E F71E] 0] o]2|et =] Wk A
w2 182 s 9 fANE AR R R E 7|95t o R
QI8 4= 919t 31H, HPLCE o] &3t A £4(Table
3)9] ZF}of|A|, HA AME-CP+= glucose(Gle)7} 83.1%&E F
TAGIS &5+, 1 9 galacturonic acid(GalA, 7.1%),
galactose(Gal, 3.2%) L arabinose(Ara, 3.0%) A% $H7-EF o]
glucan-type®] THFF7F &2 EX5t= AR EIHITh
I8y HYEAo] £Z%E FAME-CP:= mannose(Man)7}
44.0%2 F FAAZTYS P 1 ox Gle(19.3%), Gal
(11.6%), GalA(10.2%) 2 Ara(7.4%)7} S50 H]utg 337
Zofgaie g2 b

REE ehio] S4H70] UE &
R HilkE _%EH?_]' 202 3QI%| ]t} Shahrajabian S
(2019)9] AFoA= &7 tgdFol= starch, inulin L
cellulose S T}oFst &yt Basicty a4 Qlay), B

AF+Axet Hidio] & uf, AME-CP] &2 Glcd] g2
starch & cellulose 52 &1t = ]ﬂ— 227 g9l 9] o
F7F EXEsh= AR ?@H‘”E‘r 3HH, FAME-CPE= Gle @
A 745 Mane] 2718 H1T & YO, ol 2zt
= A S SANE Lactobacillus sakei X Leuconostoc
mesenteroides®] 53t EtY Q] tHFHE =ofote] =L of

AMFEO] AL S L5t A0 HOlth Kim 5(2022b)2)
ATtof| w2 W, [SAYF F Lactobacillus spp. H Leuconostoc
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Fig. 3. Macrophage stimulating activity of crude polysaccharide isolated from AME and FAME. RAW 264.7 cells were
treated with crude polysaccharide isolated from AME and FAME for 24 hr, and evaluated cytotoxicity effect (A), and
production of nitric oxide (B), TNF-a (C), MCP-1 (D), and IL-6 (E). Results are expressed as meantS.D. of three independent
tests in triplicate. Different asterisks on the column indicate significant differences between negative control (NC) and each
group by Student’s #-test. The crosshatch patterns expressed significant differences between samples within the same
#p<0.01, **»<0.001. NC; negative control, LPS; lipopolysaccharide (1 pg/mL); positive control,
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Table 3. Chemical property and component sugar of
crude polysaccharide isolated from AME and FAME

Crude polysaccharide

Chemical property

AME-CP FAME-CP
Neutral sugar (%) 87.8+1.3" 74.440.6
Uronic acid (%) 11.4+0.3° 18.6+0.3°

Protein (%) 0.5+0.1° 4.7+0.4°
Polyphenol (%) 0.3+0.1° 2.30.3¢

Monosaccharide Component sugar (mol %)
Mannose 0.8+0.0 44.2+0.1
Rhamnose 1.2+0.0 2.310.0
Glucuronic acid 1.440.0 2.540.1
Galacturonic acid 7.1x0.0 10.2+0.3
Glucose 83.1+0.0 19.340.1
Galactose 3.2+0.0 11.6+0.1
Xylose 0.240.0 1.1+0.1
Arabinose 3.0+0.0 7.4+0.0
Fucose 0.1+0.0 1.540.0

Y Means with different small letters in the same column are
significantly different between groups at p<0.05 level through
one-way ANOVA followed by Duncan’s multiple range test.

spp. 52 #57F HE G4 Gleg Eallote] 22 thA
ARES A/3gthal Balsto] o] & HeHdstal glor, Eaf
sto] AEA A/dE mannan BFQ) O] thAREO] tHAA I &
A3 a0 R ok A0 Gt g, A
fAbto] RS B AFHor thgRo] WshE #olst
£A9Y ofF= 3 FAME-CPY| AN Z &4 T i
TFFST open chromatography 5-2] W< &l FAIsto] 57
gt & A fARE AP Ol Y] S Hre ot

A g,

=

4. E7|- ZAEHIO|QEIA XCiE &lR0| 2Xj2 2E
AME-CP?} FAME-CP9] Ex}gF EnZ 3lolsly] 93|

HPSECE ©]§35to] £4%t A3, AME-CPO] A B2
0.2, 0.4, 106.6 kDa2] &3 o] A =|o] Q= Ao| &l= vt
™, FAME-CP:= 0.2, 0.4, 113.4 kDa2] £ o] ZAjE|o] 9=
Ao 2 3oIE|9thFig. 4). AME-CPS} H|15}0o] FAME-CP:
0.2~0.4 kDa9] E4o| 34 A" AL AT & A&
ol fAFY LA E B9l 0.2~04 kDa2] &2 o] Eof=]o]
A2 RS BAAS FEdhe 202 FESIH. of
23t BARF BRATE Y At A SFEW, &
At BEE F2 ARAE 445k e GleZt Mang 7
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Fig. 4. Molecular weight distribution chromatogram of
crude polysaccharide isolated from AME and FAME.

2 FAYOR WA AR AHS ek, ol
3 Man9] 5 749 chRE AR G4t 7lelshe
Ao 2AH9T F olejet BE 50 thd 44 L 9
5} 5 2 ol5o] THAMIE BAsle] 7lofsks 7o) Tl
£ 27 477 WAy A WoEL, FAMECP7 9]
A3 84S Uehhs AokEAEm oA 220 &
89 4L ANT & 9lgol =YL

5. &7|-ZAEHI0|2EA XCHE 220]| Qs CHAMIE
B3t QIXIO| RHAL YRR

F7]-EAEHO| QE A 2T}
Q1291 NO, TNF-a, MCP-1 ¥ 1L-62] A%5S |
Zogd g2o] v|g) gtz og s AL golstth
FAME-CPS] HANE &4 =49 & oE 99
FAME-CP Azof] m& &/ds}t <IAe] mRNA e
qRT-PCR ©]-&5to] FAISHQITH(Fig. 5). WA, NO 4§
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Hodst= £33t 849 inducible nitric oxide synthase(iNOS)
9] mRNA {72} @ =Fo| 4| FAME-CP= 1~50 ng/mLe] &
T H oA NC 2 tiH] 119.4~1,209.581 9] -] & 2]
Q1 mRNA &9 F7HE SRIT 4= A UTH TNF-a2] mRNA
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8] 2 602.2~1,787.281 9] mRNA ¥EZFo] 2715 =T
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A4S FE5= cyclooxygenase-2(COX-2)= NC Tz o
H] 1~50 pg/mLe] % M4 645.7~1,046.381 9] F=-9
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AT AY ZZ+= NF-kB subunitQ] p659] AASHS F-LE510]
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Fig. 5. Effect of FAME-CP on macrophage stimulating factors-mRNA gene expression in RAW 264.7 cells. RAW 264.7
cells were treated with FAME-CP for 24 hr and evaluated mRNA gene expression of iNOS (A), TNF-a (B), MCP-1 (C),
IL-6 (D), and COX-2 (E). Results are expressed as meantS.D. of three independent tests in triplicate. Different asterisks
on the column indicate significant differences between negative control (NC) and each group by Student’s #-test. “p<0.03,
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“p<0.01,
crude polysaccharide.

p<0.001. NC; negative control, LPS; lipopolysaccharide (1 pg/mL); positive control, FAME; AM-postbiotics, CP;
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Fig. 6. Effect of FAME-CP on nuclear translocation of activated p65 and cJun in RAW 264.7 cells. RAW 264.7 cells
were seeded into 0.1% gelatin-coated coverslip and then treated with FAME-CP for 3 hr. RAW 264.7 cells were fixed and
immunostained with FITC conjugated anti-p65 and anti-cJun antibody and the nucleus was counterstained with DAPI. NC;

negative control, LPS; lipopolysaccharide (1 pg/mL); positive control, FAME; AM-postbiotics, CP; crude polysaccharide.

Sh= Ao IEA UAtH(Choo & 2017). WA, o]2(7t 7]
Zko] o o HE §Rto & AR}, RAW 264.7 A X5
ol FAME-CPE A 2|3t & p65 & cJun2] & W=2] o] o
B2 Zelstelt. HA, S/dtR NCo|A= FITC-HEA|H
p65 % clun(merze; =4 AELo] i 2Afsiol o
(merge; F2W)7} AUt AL FRet AL P 5
AR o, FAHETQ! LPS Aol A= p65 2 cJuno] Al
A9 EAsHE NCefl HIsf p65 X cluno] 3 Wi(merge;
SR o]Fsto] dt NExAL] HAZ ERYHA= A
Ho]:qlchFig. 6). $HH, FAME-CP2] A 2|= LPS X |+
FAFSHA FITC-HA|E p65 & cluno] & WYj(merge; 2=
)E Holgof wet NC thzto] Hls) |zt A2 34
EREGR 2S ERlT 4= Sl o] Z-& Z¥= Son
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UATE. RAW 264.7 A| Z5= /3] A] -2 AEfoll A p65=
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EHE FE5HL p65E A H=E HoJA7]= Zo=E gy
of(Park 5 2019), tHAA|3Zo] 4] FAME-CP 2] ofsf A3
oA p65 & chun?] AAHE, S NF-kB ¥ MAPKS] 14F
3t S AA HEHOE HARIAL p65 E cluno] 3 =
o] 55tz ALE FAEI SFA 2 =4 AAIS A
o} Zo] & Hjoll A mRNAS] &S F L (Fig. 5)51aL °]& Al
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g 2re R GAME A2840] Z5FE FAME-
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