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Abstract: [nonotus obliquus mushroom, which is a fungus
belonging to Hymenochaetaceae family, is known to grow
on birth trees in colder northern climates and to be a fungal
parasite that draws nutrients out of living trees rather
than from the ground. For the separation of protein-bound
polysaccharide (PBP) from the culture broth and mycelium
of Inonotus obliquus, three well known extraction methods
namely hot water, ultrasound and microwave were used. The
best extraction conditions to separate the PBP (64.94 mg/g)
from mycelium by microwave were found to be for 1 hour
and 150C. The possibility for concentration of extracted
PBP solution by using membrane was also studied. The
extracted PBP solution was concentrated effectively by using
an ultrafiltration membrane and the molecular weight cut off
(MWCO) is 30 KDa. It was observed that a concentration by
the ultrafiltration membrane is essential not only for the
development of clean separation technology but also for
enhanced production of PBP. As a result, we have shown that
PBP in the final concentrated solution showed approximately
10 times higher than that in the crude solution by application
of the developed separation systems. The separation yield of
PBP was about 89.79% by gel filtration of purification steps
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and the purified product was confirmed to be PBP by using
FT-IR.
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8IHO] Inonotus obliquus =~ Fuscoporia obliquus
7HAE =8li= 27} (Chaga, Tchaga) BA1- WA 25t0]
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27 PHAS ETJEH 23 4-0] & (triterpenoids), B NHIE
(lanosterol), ©]ET]Z (inotodiol) & trametenolic acid 2}
2 WS AEHREo|E9) FE ke 5o AeEdEdo]
FH-8HA EAgT [3-5]. oSk ARl EdEe] %
A, gntolelyg, XA S S-S vtk
RHUEI [6-14]. 53] oFgHAl 55 T WSS
of o5l g-st elasy G MHEYE Hol= Ae
=4S B-D-glucan 75 ZH= T84 dithA =
T/3=e] SlFol gt [15,16].

B-D-glucan> thdit2] YFo = HATIAE-S 714
3 glon, red FeAREA 2 TA9] 1,394
p-=FAE A 7 xR 7 AL v 11 7T
LAEE A FASHA] ¢l v SolF AYRkg-o g A
AFEe] W7 s BASIAIA AL F213 Atk o
Agtct, 1231 thA AL (macrophage) & 233} AlA A
327} Qe AR 5017} ofe] 7] AlelEFIRI (cytokine)
HHIE SN EN HAAERQ] THES} BARES]
W75 A3t AlA o} o] glole st &
FHl2HE gyt ek, AR 7HAdske] A
A 33 F2E Ao ZH vt gaE 7 aL 9
T A% HIEI It} [15-16].

A, kWA C R doxl Bl s Ad A
AlE, A, Azt o] dhlrhdAel oist o= W
Uk, ek 2RA ] ghkE o] dRbA 07 wlg- B wief],
T S Bols AR Wleke] st chiA
o7 ye=m AYAow ArkEa gt ofn] dex=
71678 AEeR WA sARAIFEEC] AitskE] o] 9l
om, ookEe] A9 5 RA)HA wlF dAMA A F
¢ SA] PSK= ] 1 S7dAIQ] Krestin © 2,
ARHAL AR HjeEe] wlj o] Kol T A2 A
Shizophyllan< &9Hd WSF74AQ] Sizofilan TARAZ
= T AT a el gt A EE 9% REAlE
AREE| AL QIT} [17-18]. o] &% w2 A} a7ke] Ak
AE A = U TA] vk ZRE AL chalrhdA]
5 ARA el o] etk Ad i) a3t s
H AP AT 5w glon, 7EAdAE o g
sh7] lalA 7Fs st et AR Ee] Eojof st 1E
L Z7HHAL L] 739 AP A= A9 A AR -2uketelA
= A7 s, Wik A g A ALE et
= A% o Aot} [19].
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2. 45 23y

21, 71 R ZAR) ok A R wEE
e wiRS 1Ak} 23F A il AL wlkE VRl
2 3fo] et A7l Glucose 30 g/L, Brown rice
10 g/L, Yeast extract 8 g/L, Soytone peptone 4 g/L, KH,PO4
2 g/L,MgS040.6 g/L 2} FeSO4(Stock: 10g/L) 1 mL/Lo]S]
a1, AAHR]= Glucose 30 g/L, Ammonium tartrate 8 g/L,
Yeast extract 4 g/L, KH,PO4 2 g/L2} MgSO;4 0.6 g/LO|SITt.

Z7PHA JAR Bl 75 L WE 3 (Bioengineering,
Switzerland)E AF2-31%] 45 L working volume &% 333}
Ak 27] 12k A7 HlekS 30% (viv)E TS FEeilom
o5 22} A7l AN 7.5% (viv)H T HESt
Atk WHESEE 100-300 rpm Mo, 371552 1 vwwm
= AR el BaEE SIS T2 1xfe) 24}
A7 IR 22t 4 dollar, 71312 7Y s}t
T8I Foam®] 22y A] AlMef oJeto] Agow vt
7] R AXAPE FEEES Sl e Sk
E5A 25-30 (% sat) oV FHAEES aNEEE 26
Tt a3 AAakek WA= humidifiers &S
of Wit o] w7k Fuso] wERh gk @
= S [21].

2.2. 7P A FALA| vkl o 2 X e FAA £

27 PHAL AR BjokelS- 8,000 rpmollA] 205 F9F 94
Bsto] fAHlE SRR 3 A1E T 2AAX sl A
T2 ARSI A A2 4nje] oflghe-S V1) whalthesT
7 A7 F 4Cof|A] 24413F WAk Qe St
1A Thlohds Ae] SRR Ballle] dialysis tube
MWCO; 12,000 Da, Sigma, U.S.A)°ll a7 4CollA] 244]
PR F T Axste] 248 AlRE ARSI
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250 A F 20 g¥F S5 200 mLS Y Ag 57t
v el FEsielt ot 100C F52 gt
1715 ol g3lgint. 5 & ZhithdAlE Relsh] $18
©]7H4] (Whatman No. 1)Z oj3}alo] 13} 5905 A%le
W, 22} FENE 7] 28l 1A} 5§ S DAl 2
o] SE 7RE 5 ofasigltt. 229 52 100 mL
ZEpaAe] AR 3 g¥ SHS 30 mLS WA, 259 A
(JAC Ultrasonic 2010, KODO, R.0.K)E o]g3lo] 474
= of ARMe 2T 5 FESII AAp FE2 Akt
F=8710 A8 5 g T 50 mLe Fo] ARk A
(Mars microwave sample preparation, CEM, U.S.A)E ©]&
slo] 77| el ARke el il FESSILE FES
A W olM Auet A9 wde e ARSI
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[ Culture broth of Inonotus obliquus ]

| + Centrifuge/ 8000 rpm/10 min

| Mycelium |

* Pulverization
*Extraction
« Filtration/Whatman No.1

| Filtrate | | Residue |

*Extraction
* Filtration/
‘Whatman No.1

Supernatant

sFiltration/ 0.2 /a

Filtrate

« Ultrafiltration
*MWCO 10,30,100,300kDa
* Operating pressure’5, 10, 15, 20 psi

| Concentrate |

* Addition of 3 vol. Ethanol
» Standing 24 hours at 4°C * Addition of 3 vol. Ethanol
« Centrifuge/ $000 rpm/10 min + Standing 24 hours at 4°C

+ Centrifuge/ 8000 rpm/10 min
Supernatant
[ Supernatant ]
* Concentration = -
“Fn drvi + Concentration
reereqiving l + Freeze drying

[EXtm’P“lea“haride(EPS)] [ Intra-polysaccharide(IPS) ]

Fig. 1. Flow diagram for extraction of protein-bound polysaccharides
from Inonotus obliquus.

24. 2ingA o] & 52 S AT AA Py

ZehoA|e] =E a8 FE FF e der &
] W AR ] ARF A7) s AR 20 2
A S ARSIl Al WEE fislo] 2k

A} F== ol 871 flste] AEeobA (Sigma,
US.A)S 5505, 195 % (viv)Z 37} 8l &% 50T
ollA 1A BANES AR §- el AAEE o] g8lo] =
kA S FEagltt. 1R AR O] A1) el
HA Y 2ARE] flste] ] AlE KMS-200
(Korea Medi Co., Ltd. RO.K)E ©]-g5te] Al5E 2415131
ok A2 oM et At A S Sl 5

2 A3,

2.5. B-glucan EF

Mecleary 2} Glennie-Holmes 2] @44 W]l e} Megazyme
B-glucan kit (Megazyme Pty. Ltd., Australia) & AR23}o] A
Aol RS wet S

2.6. HPLCO|| &) S c}dA] 84
AR A1ASE] $18) 12,000 pmellA] 1032 &< 4
Tt & A AS 0.45 yum=E ]St Ultrahydrogel

1000 column (7.8 mm x 300 mm, Waters, USA)= ©]-8-3}]
HPLC (Futecs, R.O.K)% #4313t} whiltieda)] 454
& Table 1] VFERASITE.

Table 1. HPLC conditions for protein bound polysaccharide analysis

HPLC Futecs (R.0.K.)
Detector ELSD
Column Ultrahydrogel 1000 column
(7.8 mm x 300 mm, Waters, USA)
Mobile phase H,O
Flow rate 0.6 mL/min
Injection volume 20 uL

2.7. 3T o] §3 A A 55

= 5 oA 5 218 Al ARESE shelo 3t
o A28 (Sartoflow” Slice 200 Benchtop Crossflow System,
Satorius, Germany)<- Tk} 2T}, A3dze] Sl A8 894
& Fzo| gJaff ofFu, B SHeE ol ofdfx® 4
ot a8 vk e o AdEES AREE =
ghejo] HFA o' F50] 7ol U A|Aglo] AAE o]
Utk F=E oA goE s5ep] fle A vk
A74317] $18l SHAREARE (Molecular weight cut-off, MWCO)
10,30, 1007} 300 kDa®] TFFst hydrosart A2 2] 3 gkut
& ARSIt wFel AREE 9> 1N NaOHE 307t
AFdsision, el § ARS8 ¢b= 9= 0.1 N NaOH

ool A8t vA] ARG wi7bA] B HasiSivt

2.8. Gel filtration column chromatography S ©]-&-3F it}
A £

ZHGRAIE skl e SUudAlE 2ARE A7)
2 72)8t7] 98k Sepharose CL-4B (MWCO:; 10°-10°,
Pharmacia, Sweden)E ZXIA|E 3to] WH= Sepharose 400
Z+] (200 mm x 600 mm)< ©]-831] gel filtrations Y3}
AT} AlFa= dARIE A ujgdE oleks A $ 5
A% sto] AR, A1 §- 200 pLE 2ol Y5t
o BE5I3Ith 855 7} fraction> peak’} =/ S79H
e Bol A% F BA8 AR sIglth A
= 837 98t Gel filtration column chromatography <]
Z 7L

Z71& Table 29 LERASIT.

Table 2. HPLC conditions for protein bound polysaccharide
separation by using gel filtration

HPLC GILSON (U.S.A)
Detector UV/VIS
Column Sepharose 400 (20 mm x 600 mm)
Fraction collector BIORAD (U.S.A)
Mobile phase H,O
Flow rate 0.25 mL/min
Injection volume 200 puL

2.9. FI-IR 24
A& 0.5 mg?} KBr 50 mge & E33to] HpAREE nis
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Table 3. Comparison of various extraction method to extract the protein bound polysaccharides from mycelium of nonotus obliquus

Extraction conditions PBP conc. (mg/g)

Extraction conditions

PBP conc. (mg/g) Extraction conditions PBP conc. (mg/g)

“IM-U-65-1 1.17 IM-H-80-1
IM-U-65-2 1.20 IM-H-80-2
IM-U-65-3 1.54 IM-H-80-3
IM-U-65-4 1.57 IM-H-80-4
IM-U-65-5 1.51 IM-H-80-5
IM-U-65-6 1.22 IM-H-80-6
IM-U-80-1 1.51 IM-H-100-1
IM-U-80-2 1.55 IM-H-100-2
IM-U-80-3 2.52 IM-H-100-3
IM-U-80-4 2.68 IM-H-100-4
IM-U-80-5 2.56 IM-H-100-5
IM-U-80-6 2.44 IM-H-100-6

1.49 IM-M-125-0.5 3.37
1.52 IM-M-125-1 3.77
2.52 IM-M-125-2 4.09
2.65 IM-M-125-3 4.88
2.53 IM-M-125-4 6.93
2.46 IM-M-125-5 5.40
2.24 IM-M-150-0.5 6.89
2.29 IM-M-150-1 7.35
3.72 IM-M-150-2 6.93
3.96 IM-M-150-3 6.33
3.75 IM-M-150-4 5.96
3.57 IM-M-150-5 4.94

*Sample (IM; Inonotus obliquus mycelium) - Extraction condition (U; Ultrasound, H; Hot water M; Microwave) - Extraction Temp (C) -

Extraction time (hour)

T ALS vk vk, A9 F5 A ERVE (Spectrum
GX,USA)E Akgato] EA6IGlt. BradaA] A=Al
oA &3t Mesima (MA]7}, Hankuk Sin Yak, R.0.K)&
Felelo] Aol Fr AAEDL HlwsHAC.

3.28% 9 2%
3.1, ZEHCFYA) (HZ ) S Th); pS)e) 22

ZehichdA| o] 58 98t 37K = (B, 2
e} drth o7 FEF7 wel 435611 9, Table 3
of eIt G553 259 59 F¢ 22 F=
ARFIM = 257F =575 ethdA)]| o] shako] =7
bk o, 22 25 oA AR = FE2AIRE
o] F7FE uiAke] FekithgdA| o] slafo] olxut
1 o) Fofl= 238 aiARe] ZuhioiekA] Bk whdsr
9] ggo] FolA= RS E Tt 1 A FE2H =
chithda)] ko] Ade] W A1S & 4 QlgloH, g4
FE2 100CoA 4NTE 2 A, 259552 80CollA
A 5 A 212} 3.96 mg/g 2.68 mg/g O ® 7Y 15
Zehithaa] sheks Bk g8 AAbek 258 150C

ol ml

-

oM 1A17F 35 Al 7.35 mg/g 07 7P B Fehaigd
A s ®odrh. ko R & 2wgl A7te] TS
G| FE o] Skehs e HIlo,
A2 o2 FEATe] HolAH ZuhuivhgA]| o] Skl 7t
281900}, ARl 53 A8 S HPLCE W43 Ao} 212
7b 01, FEARO] dojdas rahiivhdA o] S 4
oA aL ARAFEHe] Tk (AFR vIAIA). o= A&
oM ZehichekA7E ARAl A2 ezt 4 WAl
oJgt Az FFEQICE e TS $18k A7t o] i
X dasirka A7 E o & AtellA= AeksiGict.

}7] A3 Aulg Redsly] f18te], dardo® 12
of|A] 3l 5O = Q] A TFeAo] =& fFades
FEo1L, Thy WAlolA] Al o2 =2 2%ofA
stehd o] Ao Yeldd FAEES idE &
1S Zo R ddEo] otk &3S SISOl
80°C2} 100TColA ZH2} 1,2, 4, 8A17F &< 12} G4
FE3t] ot & Fe Fatel] A g E do] dxjat
£ ol&3t] 22F =& Sl o5 100TCollA] 443t
B 12 E5FES A $ ekl F AR o]83)
150 CollA] 0.5A13F B9t 22k 0 = AxE2S Yelsls

Y o,

N2 BN

;O
bl o iy rfo

rfo

Table 4. Comparison of various two-step extraction conditions to extract the protein bound polysaccharides from mycelium of Inonotus obliquus

Extraction conditions PBP conc. (mg/g)

Extraction conditions PBP conc. (mg/g)

“IM-H-80-1-M-150-0.5 6.15
IM-H-80-2-M-150-0.5 7.17
IM-H-80-4-M-150-0.5 8.95
IM-H-80-6-M-150-0.5 472
IM-H-80-1-M-150-1.0 7.09
IM-H-80-2-M-150-1.0 8.25

IM-H-80-4-M-150-1.0 8.81

IM-H-80-6-M-150-1.0 5.03
IM-H-80-1-M-150-1.5 6.02
IM-H-80-2-M-150-1.5 6.19
IM-H-80-4-M-150-1.5 6.52
IM-H-80-6-M-150-1.5 3.82

IM-H-100-1-M-150-0.5 6.21

IM-H-100-2-M-150-0.5 7.85
IM-H-100-4-M-150-0.5 9.40
IM-H-100-6-M-150-0.5 3.32
IM-H-100-1-M-150-1.0 7.24
IM-H-100-2-M-150-1.0 8.34
IM-H-100-4-M-150-1.0 8.92
IM-H-100-6-M-150-1.0 3.54
IM-H-100-1-M-150-1.5 5.98
IM-H-100-2-M-150-1.5 6.24
IM-H-100-4-M-150-1.5 6.47
IM-H-100-6-M-150-1.5 2.99

*Sample (IM; Inonotus obliquus mycelium) - 1st Extraction condition (H; Hot water) - 1st Extraction temp (C) - 1st Extraction time
(hour) - 2nd Extraction condition (M; Microwave) - 2nd Extraction temp ('C) - 2nd Extraction time (hour).
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] 9.4 mg/gl ® 7P =2 Fehmioig| kS B}
o= 12 & T /M 2 S oW dxe FEHEG
138 352 Z0 R 12}4R1 A= 2o oJ8l Mol &k
O okl A 22F AAEZEe] o o B2 o] ekt
AL % ¥ Z o=z BRI (Table 4).

3.2. 2t o] 52 A% AX a5}

AZHHAL Al EAes St Al T ErE e
FHEM AZHE Aok 2ot 18 EE f-8=4
< Al oz RY A7) fste] anAQl FEHE 11
stojol st} MEHE AAxEfsly| flsh Wi o mm s}
A, obdelAl, SF7RpA, sln| AEeA, SFIAICH, 7]
LA, FE LA, glo]l kel 55 835 A7 Fol Bl
a1 Qe [22]. # A= oY 54 T EJA 7Y 7
st AETAE dEsto] ZehithdA| % 7S HE
STk A PHAL TPARA wjoke 0w E AE W o 5
TAE] AZEHA S5E 0.5%, 1% 1813 5% (viv)E 3
7} 31e] 50°Cellx] 1A17F RES AIZ1 $ Aot AAfaks o) &
slo] FE310] A= Table 59 LFERAITE

Table 5. Separation of protein bound polysaccharides from mycelium
of Inonotus obliquus by various enzyme concentrations and different
extraction conditions

Cellulase concentration (%)

Extraction conditions

0.5 1.0 5.0
“IM-H-80-1 "1.00 1.32 7.84
IM-H-80-3 1.40 1.72 9.16
IM-H-80-5 1.92 1.88 11.28
IM-H-80-7 1.80 1.80 10.20
IM-H-100-1 232 2.72 7.84
IM-H-100-3 2.48 2.56 7.92
IM-H-100-5 2.48 1.92 11.44
IM-H-100-7 2.08 220 10.92
IM-M-100-0.5 8.92 13.2 19.72
IM-M-100-1.0 2.76 10.24 6.08
IM-M-100-1.5 2.24 5.36 17.76
IM-M-125-0.5 19.48 17.76 -
IM-M-125-1.0 18.48 - -
IM-M-125-1.5 9.64 - -
IM-M-150-0.5 - - -
IM-M-150-1.0 - - -
IM-M-150-1.5 - - -

*Sample (IM; Inonotus obliquus mycelium) - Extraction condition
(H; Hot Water and M; Microwave) - Extraction Temp (C) - Extraction
time (hour).

“Protein bound polysaccharides concentration (mg/g).

A 2} AR 80°C 2l 100°CollA] 1AI7E, 3AI7E, 54
¥ap TAIZY 22y S A, ebivhdA] sk 1.0-
11.44 mg/g H2lolglom, FE2 59 AR =il A=
Z7Vehs A etk AEekA| W] S7kshd,
S BAEEe] Sl AlEE WgkR Qlste] kA
SRS S R S VERILE 18y S 9% G
H7Veo] UF wWol aypdel W o7 ok x| = ot}

FaAE F dabuks o83 59 A4, 2% 100C,
125C8} 150 CollA] F2AIREE 3042, 6037} 90+ 5<F 7t
7} FE3 Avis vhe ) Aok 2ok EekS 2.24-
19.72 mg/g®] W5 Weh d555E Al Btk 24 54
et Axpute] B9 Ber Ao B4E =27 71
3 ¢ ql7] wiEoleka gk, A5FEY vl5sHA
AV st SNk ZehathgAe] gk S}

sk S BRelth 18y A5 tE2A 95 1
o] 7= 259 wEe] i vk g
S =248 ot 54 5 0.5%E A7 3 100Co
A FE3F A9, 30 575 Al HPLC 443} 235491
Halmke] Thl ek peak @} 7HE A x]slo] Wo| FEE

Al7to] Aojd 4= Zehuiithd A7} A} G2
o ZebariA] ek 7hAdhs e YERITE 1%
SER 30 7= Al ohdA] $h- 13.20 mg/g
O F wAmtel -2 AT o] FEH ] =2 Fhe UERIC
), A % AlTto] Aol a5 ZabiivkdA] RS 7ha
31T 125C 9 A9, EAFE 0.5%% 3053} 604 5%
Al ZebohA] S 712t 19.48 mg/g¥) 18.48 mg/gs
LR OH 907 5 Alofl= ZehinhdA] sledo] 9.64 mg/g
o7 7HA"ES Bt 81 125TC oA EAFE (%=
30 5= Al oA SRS 17.76 mg/gs YERIY,
6051} 90 3 Aol ZekathdAr) A% A 9ok
150C2] 5, 470 a4 52 F5 A ZebopdA=
L0 2wl §40] ¢J3ko g b r} A BA; it
2 FelEo] oA AE HH] 2 Ao ® dhdky
ATk (HPLC A} w]A| A,

s Ei
< o

;

Table 6. Comparison of various extraction conditions to extract the
protein bound polysaccharides from mycelium residue of Inonotus
obliquus which was obtained by the first extraction and cellulase
(0.5%) pretreatment

Extraction conditions PBP conc (mg/g)
“IMR ("100-1)-M-150-0.17 17.48
IMR (100-3)-M-150-0.17 13.44
IMR (100-5)-M-150-0.17 9.84
IMR (100-1)-M-150-0.33 23.16
IMR (100-3)-M-150-0.33 18.68
IMR (100-5)-M-150-0.33 9.40

*Sample (IMR; Inonotus obliquus mycelium residue-2nd Extraction
condition (M; Microwave) - Extraction Temp ('C) - Extraction time
(hour).

“The first extraction was done under hot water at 100C and
extraction time (hour).

A7) AdE BEUE aAXEE sluRe 18] FER
= 2ebAIA E] o] ebiohA] 5o axpael A
o7 AAEALH AEEH] AL 0.5% 28 F 100
oA 1ARFERE AgEd XS T Axpalel= s 4
W= QokePH Table 63 2t} Gihx|gle] )3t 2o wha
oA = 202 AEHA a4F5 0.5% A2l F100C
oA 1A 0r A4FEE IS ARlatol| A 150TCol|A
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: A eF2- 9.4 mg/gH Tt I ThA)
PR ok 2.5} BHRE o 5 ASick ez el
AE] L) w3t AAHel Bk ARS) A,

HE B 5 582 lﬁom 40}01 2 25

aefgthd EelA A
s =glom, Ak vl
L S5 AR vARA]) Sl =
A8 wokeh

Zu|AlE] Aol AlaEEke] g7t A gkt ArFE
2 A|EEE oFsHA| vhe Sl Ak FEE FEl Jitt
A FEIUO, A EEREE ol ArsEtt
SR whinkA| o] FEo] go|d oz Ao A}
:‘4—12!]——(2_ o] 3l 207 1:]—/\] 7]-01] u}uﬂ;].u]—xﬂv/] == 5%3]:
< =Y 7 UAEAE ERIE EC’L‘:}' Zu| Al gk EHMH
739- 150°CellA] 0.25A13F % Al 37.86 mg/g, 150 CellA
0.5A13F & A] 60.52 mg/glqL 150 CellA] 1213 5= 1
64.94 mg/go] F=E UL 5 FEAITO] 7‘4_01%1_,&
o) S7kkE As 7 ¢ o], 2rAREas-e] %ﬂ
FFZolA= 150 CollA] 1AIRE 5 Al ZehiithA)| o]
= 2R ASkE we] 94 mg/gErt oF 6.99 &
7he Belom, gade] §-2v =3 A9 (23.16 my/g)
RO oF 284 o] &2 S WOt oA7HA] st
37HA F= W, AA Y o Fel veket a2 wE
AN=E H]ﬂ Jefste] Fig. 201 HERASIE

Zﬁ}jif— o] g3to] FEIH= A FEAIKI] dojd
T T 5T QIS FEE hrhdA| 9] o] vtof
A= o] o, o5 W 1'6‘} | Sl Al=7E g
nfjof] 2 AR A & 1%—% =7F 31211 Aol F

ARVERY AR} 558 SR o] Faoleh AZiwslct,

o] ﬁ/HA /HEﬂo]ﬂ-._ /\gﬂ-#
q) 203k (20 ~ 40 micron, A}
Gt A 5 JEE

r_l

OFO

60
50
404

30

PBP con. (mg/g)
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104
G T T T T T T
us HW MW HW+MW  HW+MW(CE) UFP+MW
Extraction method

Fig. 2. Comparison of various extraction methods to extract the
protein bound polysaccharide from mycelium of /nonotus obliquus.
US; Ultrasound (*IM-U-80-4), HW; Hot water (IM-H-100-4),
MW; Microwave (IM-M-150-1), HW + MW, (IM-H-100-4-M-
150-0.5), HW + MW (CE, Cellulase 0.5%); (IMR(100-1)-M-150-
0.33), UFP (Ultra-fine pulverization) + MW; (UFP-M-150-1).

"Refer to the Table 3.,4,5 and 6 about the abbreviations used in Fig. 2.

3.3. 39| I}E o] $3F Rl 5=
2A7FHA AR vk be] EAshs T S5
28l MWCO 10, 30, 1003 300 kDa$! vh& ARgalo] b
15 psi 1T F 30 B AP AN 1A
3 AFATRS AR 2 Q91¢l Zej Ak 1] F1
fz}%l ARTE ST, sHEARIE 95E9S & &
AATH (Fig. 3). cho 10 kDa& A}g3t A$- *aﬂb
Z7)oll Z7ksl7] AlAksted 2230 290 g/minm’ 2 FH|
= e, 11 5 M8 4Ee] 6,755 270 g/minm’
o7 AAEHE FA I} 56.24 0l FF0] R EATh
MWCO 30 kDag AR5 739 Ze|AE o} A2 3 1 23
ol 850 g/minm’©Z HEk UrE}M#U% AAE] A $
22.2%0f FFo] 4RFHUT MWCO 100 kDas ARE-3k
A5 YA 17500 2730 gminm’ 0 2 A ZYAS
UrE]rl;“,\Eﬂi 5.7%-5E] 2450 g/minm’C&E AA3] 78k
ot} 62340 HF0] 4EE ATt MWCO 300 kDaa AR
3 A ZYAE o3} 1.750] 3250 g/minm’ 0. HUE
‘/]’FJ'M_L 525744 2820 g/minm’C.E AA3] 7HAs1S]
o 5,740 0|28 FFo] AFHUTE YRt o R ZY
2= odke] A7) Astel wlet AEtE ] AP
Zdashd 77 A = olel gt o) B 3
sublayer®] @37 A|A £t DAsHA F-41%7] wiizolth
A7) ABERE] 2] MWCO7}F A-GE & 4|30 7 <l&}

Table 7. Data of protein bound polysaccharide separated by using
various ultrafiltration membranes

PBP conc. (mg/mL)

UF (MWCO, kDa)

Retentate Permeate
10 0.170 -
30 0.156 -
100 0.103 0.068
300 0.095 0.069

Initial conc. of crude solution: 0.057 (mg/mL), Initial crude solution
is concentrated to 3 times by the use of different ultrafiltration
membranes at 25°C and 15 psi.

4000
----- 10 kDa
30 kDa
=-.=. 100 kDa
s 3000 4 —— 300 kDa
£
*
=
E 2000
o
=
=
L 1000 4
—
0 J’f’ L)
20 40 60

Time (min)

Fig. 3. Comparison of flux with time by using various MWCO
membranes. Operation pressure was 15 psi. All the data are based
on the automatic profiling information of the ultrafiltration
membrane system.
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o] ZY e Tk, sEeR= dEls AR TEE
ok 4= 2tk MWCO 103} 30kDa 2He ARE-Elo] 535
75, et 9] dhefo] 55 7o) Alge} Hla A] Z
7} 3ulje} 2,74 sEE ] vlwd FFo] FES FAT 5
Ao, vhE Fist Fajlea= ZehithdA|7t HE
A oot FE7t ZEE & 5 ATk AR MWCO
1002} 300 kDa 9& AFE-sto] 553t 4 9-oll= T3
BAol| A etk 7t AEE o] kit A] Ayt
oS sk S #1499l w5 A AR}
Al Z¥7} oF 1.87} 174 FFE o] ebiithdA] 5ol
2854 E3hs g1 4= SIS (Table 7).

ZbohdA] 55l 7 2dsictar dhdsE= MWCO
30 kDa 2H& ARgste] thekst ofgof upkE 2 WslE
Eeto] F5e) AAsh S Akt slnt. L dwt
Po] TTVEFE ZYAE TR sEAIRS dEES
o = STt (Fig. 4). TRITRIA] 31 55 4 0.131 mg/mL
of i ol wl 1.291-1.302 mg/mLE SAEA O,
oF 108 sFES AT = AUAUTH (Table 8). HESE o]
FoHTE HF w5 A o] ninjetA A
She A e, 2 o g 1 A] v o
Ao A7) o7 ke giet. wheba] E Qo)
AREE SEeloju) AJAEIS] A9 ekl 555 9%t
orele A 38 9291 20 psi B} SHS- 15 psi® Sl6k=
Zlo] g&Aolgtar FetE St

(% o

}'—11-4

—_—

Table 8. Data of protein bound polysaccharides separated under
various operation pressures

PBP conc. (mg/mL)

3.4. Gel filtration column chromatographyoj] 23t &g}
A £

A E EAE 7|2 EEsh7] $18te] Sepharose
400 Z-% (200 mm x 600 mm)= AFHESFO] gel filtrations
ettt EFEAE o] 88t wAInke} A7HHA AR E
T FEot] 558 oA L] FAA Y, wAmke
745 peak”7} 60-1163 (No. 16-28), 136-1644 (No. 45-49)
7} 164-176°F (No. 50-51)°llA Yebstar, Z2ekiivhedA) 2]
785 peak”7} 6041163 (No. 16-28), 122-126% (No. 32-40)
7} 128-1344- (No. 41-44) FElof|A] LFERIT (Fig, 5). -2/t
Z1& TA] HPLCE o83l #45F A3, 3 WA (No. 16-
28) w8 =] wnpA| el -2 AlRitel| A&
wo] SThANE 1T 5= UL, T WA S Al WA
T2 A7 SRl 85 o] ARAke] GRE F
ZH T} (Fig. 6).

Gel filtrations ©]-&-3F W23 F 2} @A o
A &S v s A}, of|ghe 33} gel filtration $-9]
chalthek] Skeko] =82 92.71%9} 89.79% % H|w 7] =2
FAE YERITE (Table 9). 12]2 2 wljoke 7PHA AL
AZ5E oA 55 9lsh F4 9] 212 xu|A
3§ A 2718 o]&ste] 150 CollA] 1117 =3
MWCO 30 kDa B2 o] €3t 55 Tl 1A F39)&
st 108) o] A7) AL (TR DR ek 3 A
Sl AR AT 7Fe), ollekE FS Wallshs Whio] H 4
S gRlgh 4= Qi

Table 9. Comparison of yield of protein bound polysaccharides at
the different purification steps

Pressure (psi)

Retentate Permeate
5 1.302 -
10 1.299 -
15 1.295 -
20 1.291 -

Initial conc. of crude solution: 0.131 (mg/mL).
Initial crude solution is concentrated to 10 times by the use of
ultrafiltration membrane (MWCO 30 kDa) at 25°C.

e 2]
o o
o o
[ [

Flux(g/min *m’)
1

—
0 5 10 15 20
Time (min)

100 200

Fig. 4. Change of flux according to various operating pressures with
time. Membrane; MWCO 30 kDa. All the data are based on the
automatic profiling information of the ultrafiltration membrane system.

Steps PBP con. (mg/L) PBP yield (%)
Ethanol precipitation 8.00 92.71
Gel filtration 7.40 89.79
PBP conc. of initial solution was 8.62 (mg/L).
.o , , “
: E D e ; Mesima
| i | =—:EPS
§ MM e S
é 104.94 ..........___.__._:r... ana ..-.-.“:ct-u--uu------‘vut:-- smmmsmmsmsmmann
> | | |
&
@
c .
Q !
T o AU SRR & Sy
-3.50 g : ;
0 60 120 180 240

Retention time (min)
Fig. 5. Chromatogram of protein bound polysaccharides fractionated
from Mesima and EPS by gel filtration. HPLC conditions for
protein bound polysaccharide separation by using gel filtration are
given in Table 2.
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100
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80 - 160-176 min
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Fig. 6. Chromatogram of three different EPS fractions obtained

from gel filtration (Fig. 5). HPLC conditions for protein bound
polysaccharide analysis are given in Table 1.

3.5. FLIR ¥4

Gel filtration © = -3 A5 (ChrhdA)) 7} ofd 21§
715 7KL A 2EEA vl 3 STt (Fig. 8).
o2 peak 7} BT} UA[8le] HEE AlETF o
CFHA|S e1e 4= QIQI). B8t Viasta 5> E1L, 9A,
ZERHAL 5 oF 700] F2] wAlel] gt FT-IR $© <1
T-o)4 890 cm™ & B-glycosidic linkageS LFERHH,
930 cm™ a-glycosidic linkageS UERITHL B 11543
O} [22]. 2 Aol FE8E AlE2] A5 890 em” FolA
peak 7} LFEREO M| B-glycosidic linkageE 741 Q= A
ox dsieiet [23].
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Fig. 7. FT-IR spectrum of Mesima and EPS which is purified by gel
filtration. ==; Mesima, ===; EPS.

4. 2E

B AT B A |0 e 8 =
LA R 33t 5E0] Brk wsbl wel, 31
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