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Abstract

To investigate the industrial availability of liquid fermentation (PL-ferment) by Phellinus linteus mycelium as a postbiotics for
the inhibition of inflammation, PL-ferment was fractionated into culture supernatant (CS), hot-water extract (HW) from PL-ferment,
EtOH-precipitate (CP) fractionated from HW, and the dialysate (DCP) of CP. Compared to the other fractions, DCP which is expected
to contain exopolysaccharide (EPS) as the major component, significantly decreased the production of NO, IL-6, and MCP-1 in
LPS-induced RAW 264.7 cells, and IL-6 and IL-8 in TNF-a and IFN-y-induced HaCaT cells. The general component analysis results
showed that no significant difference in components was observed between the fractions, whereas sugar composition analysis revealed
that DCP had decreased glucose and increased mannose contents compared to the other fractions. This suggests that mannose played
an important role in the anti-inflammatory activity of the active fraction, DCP. Molecular weight distribution analysis revealed that
DCP was mainly composed of low-molecular-weight material-removed high-molecular-weight polysaccharides of 18 - 638 kDa,
suggesting that EPS originated from P. linteus EPS. In conclusion, our results suggest that the DCP of P. linteus mycelium
fermentation using the anti-inflammatory activity could be used industrially as postbiotic material.
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Table 1. Analytical condition of HPLC applied for determining the component sugar and molecular weight of fractions

from PL-ferment

Analysis Component sugar Molecular weight
Instrument HPLC YL-9100 series HPLC Agilent 1260 series
(Young Lin Co., Ltd, Gyeonggi-do, Korea) (Agilent Technologies, Inc., Palo Alto, CA, USA)
Detector UV at 254 nm Refractive index
Column YMC-Triart C18 SuperdexTM 75 GL column
(250%4.6 mm, 5 pm, YMC Co., Ltd., Kyoto, Japan) (10x300 mm, GE Healthcare, Anaheim, CA, USA)
Column temperature 30C 25T
Flow rate 1 mL/min 0.5 mL/min
Eluent 0.1 M sodium phosphate buffer (pH 6.7): 50 mM ammonium formate buffer (pH 5.5)

acetonitrile (82:18)

Injection volume 20 pL

20 pL




490 LR R LR

7. SAAZ

HE AEE 381 HHESto] AAston AyE Hal+i
Z WX} (standard deviation, SD)Z UEMATH I= AA &4
2 Statistical Package for the Social Science(SPSS V26,
SPSS Inc., Chicago, IL, USA)Z ©]|-83t Student’s t-testZ
Aitstd o ZHzt p<0.05, p<0.01, p<0.001 F=EoA F1=
o] GOl L AZsytt T, 2AY, AAY, Tl
9 & Belus o] FARC] BAFIE Bae 5U4L
vl sk7] Y] Levene’s tests AAISH &, 43S 2= 74
B4 RAANOVAE AAIT & 2t 273k 749] £o14
Duncan’s multiple range test®Z p<0.05 =ZFolA HZ3}

.

2 o -10

Zut 3 nEk

A DA AH LSS B2 MESM o}
A EH}o] @ ] A(postbiotics )= E4 1]AE0| THEoY
A7+9] Foll 73t 282 sk dAEE R 5=t
|2 AUONE B A% AR ohel, et 9%
7|5AAE TAEH|QEA AR RO AUt Ex o
o4l 2AA) LR 5Ae ARshIA
ot & dAFolA e, ABHA FAA BdEERE 3
A=A FSHL AT, R HFEZEE
HIJ S H(CS), #ALt AT5q IFFEEHW),
EERY o9 2ogdEE(CP) 2 AEATE A

EOH:‘.

N ooy oL hu 1o Jn @
N 3394>,
o_,_,_.

ne J
4

::‘::‘

250

0500 pg/mL m1000 pg/mL

[N
(=3
=]

[
(73
=]

(53}
=}
T

RAW 264.7 cell viability (%)
>
(=] (=]

PL extract

Control

A" 20 E(DCP)S 2+ EEstqtt. CSoll= viA 4
—Ev—J"Jr A ﬁ*}iﬂifi—‘ﬂ +H]H exopolysaccharide 5-2] T+
NS ACE AIRE G om, HW

Oﬂ% Hj ¥ ”E‘—’ﬂ "é—cﬂr A dAZRY FEE oSt
AEZY A4E40] ZFE] QY& AL=E ARE T HW
o] 4 A osf £ejH CPol= HWO £Ask= o
g AEA 9 182x £4 FolA g 9 odR 59
_r_x]. ‘jx1o] —r‘i iO]'ﬂCﬂ 01 0 74 o7 ZZQOJL: ]
(Kim 5 2009), A5H o2 RE Fjd EPS7 2 2%
o7 F=9 & 4= 3th DCPo= CP FolAE AEA:

I H4s] AAHE EPSE EEeE I EA EZTho] xEE of
U AR AREUT AT A 2 AEZFE o8
sto] AF w7l QIAE SHFOEH, AR ) P4t o
AE Sot= AEHLE A5 A2l o) AlZx=do]
Aagith Ao g, Ao

@ 5 Q7] WE
o HA AR AEFo] et 58S /\ﬂi«l HEER &
Q15tgith. A& Aol 2J3F RAW 264.7 AL EAF7I=
Fig. 1A0] UFEFHTh A& 422 500~1,000 pg/mLo] H%&
Heloll Al LPS =< thH] 90% ©]/d9] AlZAPEES el
stletl, BAHE 53 A=A BrtollA Ao et
Al AEEo] thx- tH] 80% o]/dolH AlxZ=do] gitt
1 5E7] fi2o] AR 452 471" s A0lA Al
4ol gt Aoz ot 59U - QoA HaCaT
x| AEEA Brh2 AYstgt|(Fig. 1B), TH Q&L

1)

B)

200

0500 pg/mL 51000 pg/mL

-
[52
(=]
*
*
*
*
*
*
*
*
*

Sk
Hokk Hkk gy Rk

100

HaCaT cell viability (%)
v
(=]

(=]

cs HW CcP DCP

PL extract

Control

Fig. 1. Cytotoxic effect of fractions from PL-ferment using (A) RAW 264.7 macrophage and (B) HaCaT keratinocyte.
Each sample were treated to RAW 264.7 or HaCaT cells, and inflammation inducer, such as lipopolysaccharide (LPS) or
TNF-a and IFN-y (T+I) were subsequently stimulated for 24 hr. A dexamethasone (50 and 20 pg/mL, for RAW 264.7 and
HaCaT, respectively) was used as positive controls. Results are expressed as meantS.D. of three independent test in triplicate.

Asterisks mean significant difference between inflammation group (LPS or T+I) and each group by Student’s #-test. "p<0.05,

sk

“p<0.01, “p<0.001.
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Fig. 2. Anti-inflammatory activities of fractions from PL-ferment on LPS-stimulated RAW 264.7 cell line. RAW 264.7
cells were treated with sample followed by LPS treatment for 24 hr, and production of (A) nitric oxide (NO), (B) IL-6 and
(C) MCP-1 were estimated. A dexamethasone (50 pg/mL) or N-nitroarginine methyl ester (L-NAME; 50 pg/mL) were used
as positive control (PC) for TNF-a and IL-6, or NO experiments, respectively. Results are expressed as mean+S.D. of three
independent test in triplicate. Asterisks mean significant difference between LPS group and each group by Student’s z-test.
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p<0.05, “p<0.01, ""p<0.001.
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Fig. 3. Anti-inflammatory activities of fractions from PL-ferment on TNF-a+IFN-y (T+I) -stimulated HaCaT keratinocyte.
HaCaT keratinocyte were treated with each sample followed by TNF-a+IFN-y (T+I) treatment for 24 hr, and the production
of (A) IL-6 and (B) IL-8 were estimated. A dexamethasone (20 pg/mL) were used as positive control (PC). Results are

expressed as meantS.D. of three independent test in triplicate. Asterisks mean significant difference between T+I group and

seokok

each group by Student’s r-test. ‘p<0.05, “p<0.01,

p<0.001.
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945.5 pg/mL(9.2~26.0%)2] EAFo gL §ol5goL) &
e JAGS HolA = EUT HW A FHFoAE 500~
1,000 pg/mLe] S =W QoA T+ §-E thH] 811.7~911.3
pg/mL(12.6~22.4%)9] fo]H o0& T2 AA|LdS EQlx
Aot I8y HWO 7 JAER] CP Aol A= 500~
1,000 pg/mLe] SEH o)A T+H JELthe] 143.4~215.9
pg/mL(81.2~88.3%) O, DCP A& 500~100 pg/mLe] &
To|AE T+H =7 thH] 46.6~132.9 pg/mL(89.4~97.9%)Z
Al PCETE 23 IL-6 A1 Z/Jo] FRI= et IL-8 o
Agd B7F A= Fig 3Bo] UEHon, PC A+
T+ SE(678.5 pg/mL) TH] 131.1 pg/mL(89.8%)2] A
Aoz [ogt Aol Yetlth 1=y AR =Y
HI g S CS A 2] F-oll= 500 pg/mL & E=ofl A
£ 481.0 pg/mL(32.4%)2] EAHOZ ROt A Ao
gel= o, 1,000 pg/mLe] FEofA= T+ Ft thH
Aol YEhtA] ekokth. HW A 29 A -f-ofl= 500~
1,000 pg/mLo] BEHJoA T+ FE TiH] 547.8~
591.4 pg/mL(14.3~21.4%)9] 22 A4S YetHct
H, CPo AHYFL T+H L& thH] 56.7~176.3 pg/mL
(82.4~102.0%)2] SAFCR {23t AAEHS el
1, DCP A9 ALQol= T+ {SLt tiH] 22.8~59.7
pg/mL(101.5~107.5%)2] SAHOZ {FoJ5t 7HF 953t <
A& do] Ueth= Ao E ERIx et 2740 &, HaCaT
HEAZE o] &3 W7 A AA &4 Brram, A
FAA] WAL G E(PL-ferment)9] F5FFESEERE 2e
%l DCP A2|Fo] 7MY %t IL-6 X IL-8 A&/ 7F
A= ALSE YR o, o]:= DCPo| EAT Aog 74
&= EPS 59 1EA E4o] niY oA &4 8%
AddS & AR 4T 4 Ak Kim 520219 A+
oA Y AEFQl HaCaTO EHE A 7I4-Esi=
o] ¥&IH hyaluronan synthase 2 2 3(HAS 2 & 3)9] df
AFE mRNA FE4A F7HA]7]= A2 SRIE =T,
o= & AFZTolA ERIE BRel Zo] AFHA A
AALEES qF I J@/do] $% AoE 45
At & AFzlo] RARRE Hio] M2, A FA|=
1,000 mg/kg®] §FO 2 14U 5 BT Al ojEgt &
AATE UBUA 9= 208 HuEI Qlom(Park HJ
2014), E3F Hu 5(2018)9] A-ollA A=A fd o=
= 500 mgkgO & Fo] A] dextran sulfate sodium salt
(DSS)E ¥Zo] e upe20|A IL-6, IL-18, TNF-a Z
iNOSE FASH] HAaAZ & e FAT B4l d= A
o7 glFglon 2 AFAE 35 47 F=RIFoNA
in vivo A A 7T A0 2 AlmETh AF7HA9] A
TEARE S W, FFHA A AL RE |79

BN AR dAdaES] FES 24 493

DCP= 93t &iF5 A4S Uetler, 2 A1 Z3E
o2 23 & dF &3l 59 AEE 59 postbioticsZ

=
Qsi7] Sla) EA4T, A, el
B51THTable 2). 20| CS(887.8 ng/mg), HW(766.3
ug/mg), CP(716.7 ng/mg) 4@ DCP(830.1 pg/mg)ofA H5F
7P =2 TR I B AMIEe] 4%, CS7F 395
ng/mg, HW7} 35.2 pg/mg, CP7} 31.7 ug/mg 2 DCP7} 44.1
ug/mg?] S HEbith hH, deiA-2 CS(0.8 ug/mg),
HW(0.9 pg/mg), CP(3.9 ng/mg) ¥ DCP(8.9 pg/mg) 25 7}
AL e B, F EYHs g9 Bfol= Cs
(7.9 ng/mg), HW(8.8 ng/mg), CP(17.5 ng/mg) A= 40|
9oL DCPE 42.6 ugmgOR AR $52 1}
B dch. AR BA0A 4% SE BT STl =2 T
Z HoBg HPLC-UVDE ©]&sto] 0|59 4T &
23R Table 2). ¥1%F AFSAQ] CSo} AR
2529l HWO F8 TAZL glucose(99.29}F 99.1%)
19 ™, mannose(0.7%) 2 arabinose(0.1%)7} =
TREol AAT YA BIRE S gt
S, CPo F4F2 CS 9 HWOl H|3| mannose
(2.8%)7F AF Z715FH o ulgFQ] galactose, xylose T
fucose”} THE 0] U= AL E FRIFUL, CPof|A FA O
& A&EA =40l AAE DCP Z-9-ofli= glucose(86.5%) 7+
A2} mannose(9.2%)2} galactose(1.4%) S7HEqk ofufz}k A
ZF9] glucuronic acid, galacturonic acid, fucose, xylose L
arabinose’= FEE0] CP ¥ thE FE T AT Aol&
Uetfiict. wEbA, EPS7F F2 EREo] S Aoz F
A== DCP+= glucose?} mannoses Q8 TGO Z T3

=

>

Nt

]

)

B 1o

._Y_‘li".H'UmRI-tlo
ol o,

St LEAF SR Ao® yEiEth 3, 7HE et @
= 4L UERd DCPol= €S, HW 9 CPo} H]w5}o]
Fou)otA FAE glucose®t T71HE mannose TS &1l
g == AA=H, o= 71 mannose AFo| FAS B4
of F8% AL & 5 e ARCE FHE 5 Ak
ditH oz nYE FA=FE E2E EPS F-¢- glucan,

mannan = glucomannan.2 o|Foi7 tgFrl FAHE
o2 BHuEi Q17| W&Eo(Kim 5 2006; Baker 5 2008),
2 AolA ZRlE =2 glucose?} mannose g E-5H
4% B4 e DCPOIH THHEOE glucan,
mannan ¥+ glucomannan®] &4 7FsAS 4T 4 A
t}. E3h Buchala & Leisola(1987)= FAY BA o

methylation analysis 52 ©]-85to] FAIFHA Fe
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Table 2. Chemical properties of fractions from PL-ferment
Fraction

Composition (1g/mg) CS HW CP DCP
Neutral sugar 887.8432.5° 766.3+20.2° 716.7+26.1° 830.1+30.1°
Uronic acid 39.5+4.5° 35.241.6° 31.743.5° 44.1£1.8°
Protein 0.8+0.0° 0.940.1° 3.9+0.5° 8.9+1.5°
Polyphenol 7.940.1% 8.8+0.7° 17.5+0.9% 42.6+1.2°

Component sugar (mol %)
Mannose 0.7 0.7 2.8 9.2
Rhamnose - - - -
Glucuronic acid - - - 0.8
Galacturonic acid - - - 0.7
Glucose 99.2 99.1 96.5 86.5
Galactose - - 0.3 1.4
Xylose - - 0.2 0.6
Arabinose 0.1 0.1 0.1 0.1
Fucose - - 0.1 0.8

All results of composition content are expressed as mean+SD for three independent experiments. Different letters within a column are
significantly different (p<0.05) by Duncan’s multiple range test. CS, culture supernatant; HW, hot-water from PL-ferment; CP, crude
polysaccharide from HW, DCP, dialysis-CP.

polysaccharide”7} 2 {- glucan®] Fej2 ZAstctil &
St v} 9ok wlehA B d31o] BAJA7 9l DCPo A
249 F9L o) 25
Wy Belo] Wad Aoz Amdr).

5. EAIE 24
g
A4 Aol ol ol

DCPE gel permeation chromatography(GPC)% o]-&-5}9]
2R BEE BAGlG X

Z3tE]o] 9= EFo
2+ galactose

o,

=oA 3

Zjo]| &2 ok

A A é i

kDax} 638 kDaA T ER} o] &31=

i—r‘Ei —r‘ag 345 kDa 0]“’«] _I_E}'

vl 5Y AZFRAW 264.7 U HaCaT keratinocyte)O]| A]

Bx}gFo]

= O

methylation analysis 5= &

Fig. 4Bo] UEAEt] CPo} 71 ==igt ;
B}ek(2.2 kDa)2] Edo] Ao AALHA 18
=4o| 7=
7AS HojFQr}h Hwang 5(2021)2] AToA =

Z FBo] &

o |

5
o3t

l.:.Q_ E’ZLQ_ 1% 02 L
= =4 1 ozZ

9J8-& golgt 4= 9Jit} W, DCP2)
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wrEE
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- RIU ] 12
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y=-03911x +2.2801
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4 6 8
Log MW (Da)

6000

=4

] pullulang ©]-&5}o] EETAS ZHAISHS
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nRIU

o= &3] A|&9 retention time¥} B W 5lo] EAlHS I
2435} tt. WA], CPY chromatograme Fig. 4A°] LERYH I
I, BFEAY 8] HokE uf, CPE 2.2~3.2 kDaf] H|W 1[& o2 |
& A EEE HolFmA
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=59 Fig. 4. Molecular weight chromatogram of (A) CP and

(B) DCP from PL-ferment.



Vol. 34, No. 5(2021)

=R o] 243814 Z7HH AL Hustgty], o]l
B o B o] 395 DCP7} 943+ g=9

B AR AALE = (PL-ferment)2] FAS B/N=
2 a8

on

TEA o] #HAE0] Q= AR FHEIoH,
o= &4 59 A& 24 AAE &3 40| v St
2 5 g Aoz AmsHyh. Zedon FHTRQ
DCP+ glucose 2 mannoseE 8 AT OE oHR-ok= 18
kDa 9 638 kDa®] T84} Cisl Eabe o ek
o, ol HEHA HAAZRE FEE EPSE 4T 4
95ct. B DCPo] A3l Tl ofel 7 HE £ 9
ZoA) SHe LeRi Aol dist 27l ert Bad Ao

Z A= Gl oH, DCPE= gHF &4 UEHE postbiotics
2Az2 AFA o] 7 AR AlmEIT

Qo o z=

AP A dAMA(Phellinus linteus mycelium)2] AA9Ea
E(PL-ferment) 228 gZF9A] 4L H7ISFIL postbiotics
249 4 01§ TFsHL 2AN] 99 PLfermentS
i F A5 H(culture supernatant; CS), PL-ferment?] @4 3=
ZE(hot-water extract; HW), HWZ 5 ¥ 23 % 4 JAE
(crude polysaccharide; CP) A-EZ}7} A AH A E(dialysis-
CP; DCP)Z £-3I5}9]t}. E} ElE-Eof H]8)|4], exopolysaccharide
(EPS)7} 8 FHEAYD A0E F4=& DCPE LPSE ¢
3ol 4% RAW 264.7 A|ZolA AFShE A, IL-69F MCP-1
it A0 AAAF O, TNF-a9F TFN-YE 35
o] FE HaCaT A2 4] IL-69} IL-8 AJ4hS F-2]2 0
2 QAN AR FF B7F A BE EES0=
FOgt Rl E HolAl= gtou, AT w4 2o
A DCP= thE YR Hlsto] [F-ou|stA 4 glucose
oFFH 571 mannose T2 UEH o] &
21 DCPOli= mannose”t FHF &40l 8
A0 g ST AT &l 23, DCP= A&4
o] AAH 18 & 638 kDa®| 1A F{7F F= ZJ
A0 g UEton, ol AgHAY EPSERE {HH
= A2E FAHAY. 4EX2=% DCPY FA5 B4
o|-gsto] AFHA FAMA| LREZ postbiotics AR EA
AMAA &-go] 7Hsd AR ALRE I

PORSS
i

o 39 it mx ol |

ZHAe| 2

B 2o 20208 HBEE AE7Y SAAIAEEY
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