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Purification of Anti-obesity Lipase Inhibitor from the Fruiting Body of Phellinus linteus
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ABSTRACTS: For development of anti-obesity nutraceuticals from mushrooms, new anti-obesity lipase inhibitor from
Phellinus linteus was purified by systematic solvent extraction, TLC and HPLC and characterized. Methanol extract
from P, linteus most effectively inhibited(72.5%) porcine pancreatic lipase and ethyl acetate fraction showed the highest
inhibitory activity in the systematic solvent extraction. A lipase inhibitor from the ethyl acetate fraction was purified
through following steps including 3 times silica gel chromatography and preparative HPLC. The purified lipase inhib-
itor was a yellowish geen powder and its IC,, value was 175 ng. Its molecular weight by MALDI-TOF-MS was 523.06
Da and showed maximal absorption spectrum at 225.1 nm.
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Az2etel vivke o HARE A 48 I,
A% 5 o] 7R v Sk} WAl
deiA ghom, ot alel] tigh
B3 F3(Levinson, 1997), W=k 21471
EXE fgste Mg 2 SY
(Taubes, 2000).

H| TR of[qA] AF e} 4] ExtF oA A STk Bray,
1998). v]5te] it oHa X 5= 2lo] AFHAE HAA7]AL AL
2185 A7 19F WA ol|A] 4nlE STAE
TE ATh 2 o]k oFE X Fol| SlojA] of ] Azt
F2Rg-5o] WS (Bray, 1998) 53], amphetamine®| &5
3 w2ell 2 #AEe] de] EAAl = ATHBray, 1993;
Bray ef al., 1995; Bray et al., 1999). Amphetamine2 a-methyl-
[Bphenethylamine® 2 &-2]9] AFHE 2T T54
Bphenethylamine “d&-0]™, S542 ofrke w=alvl A7
A9} Aol e Ao R dEA] Utk kA o] ok f=
AEL vl=A mpepsel] ofs)] ARgo] AlghE| ATk Bray,
1993, 1998; Bray and Greenway, 1999).

AF7HEA A A o] FRe Bou, AR FDAC
=] AlFE I = FHTHAE sibutramine(serotonin-
norepinephrine reuptake inhibitor)3} orlistat(xenical) 25| T}
w3k, HQ)oME Garcinia cambogia BWZHFE FE3
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hydroxycitric acidg ©]-8&3k] =oAL H 9
AATF 2gsled 28-S A|sl= sibutramines-S ©]-8-
st W tiibE 2dshs o R BerslEdal aay
A7 lipaseE Ael= ol A=, F7 lipase A4 =4
+ orista7} 7= lom, BrshEa]aa AaAQ]
acarbose”} HITHS: G344 0 & AA|eh= Al 5o] BT
7 5 2004; Hackman, 1997; Vedula ez al., 1991). =FUjoll A
HI A G55 zhe A = 2 9] g4 4l A1)
S0l U5 dtsiA Y= J=dl(H 5 2006 A 5
2004; &} ¢, 1998), 27F-9] vf2- Bt 43221 capsaicin®] T
A2E 558 83 A, daskd oA (2loldmE
0|83 AF, arglucosidase A3NAE T3 w5 Tl EA
HAL = o] UThA, 1999; 3} A, 1998). T3 BAIF
=2, 3| =5, A7, flavonoids 591 theh B8k
A23ta 4 arglucosidase®] A3 E/dS TS vl glow, &
AEOZ luteolin 5= ERJISIATHKIm et al., 2000).
3k, lipase A3|4] Z& phosphatidyl choline, F-2] w23}
olg] &, tannin 2 1A =2 28]3 WA 5o vjA=E
oA LA UTHBitou et al., 1999; Lee et al., 2010;
Shimura ef al., 1992). B=3+ H|AYE 7]49] lipase As|AI ==
Streptomyses toxytricinioll 213l AJ2¥sl W xenical(olistat)e] X
IEem, ks PHEE A lipase AsEA o] Q1B =

o vk X8AZH 8% th(Bray and Greenway,
1999). L2} 9]¢} o] vkt lipase AiA7F 2l &0t

Z| L
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HAEEZTE AL Loy 8o Wi g%50] #A
ool AHdst7E mm gk AdAg ol

A, - Aolli = AR T A 5@l &35 7
= A7AEe Y o oRE AAE EetazAl H H (Lee ef dl., 2010)
M= MFE] Sl AR HlEhE FEES AXS ¥ o5
9] lipase A2l 2735 S5l lipase A2l /0] =& 4%
WA (Phellinus linteusysr 25 ALsISlth. B3, o] 52 tiE
FEXE AEsSI FEEC] 548 Al B 619
2 Aol A= FSHAL AR Ao $HE o) U= lipase A8l &
AL 75 ARnEa = GAR $ 4ES AT

Al

HH
=

[=]

oo

ERE

0%

HE=

B Aol A AN AR (Phellinus linteus)yS 20083
Lol Fof wuledErglel A w2 S Edol 54
Axd 5 A ek 247101 ¥ E48k] 20 mesh
REAZ AA ARSIt Lee ef al., 2010).

Alef & 717]

Lipase Ag| &4 S4ll= &A= porcine pancreatic lipase
(Type 11, Sigma-Aldrich Co.)& AM-3I%13L, 71 Z+= triolein
(Sigma-Aldrich Co.y& ARE-313 . TES(N-Tris(hydroxymethyl)
methyl-2-aminoethanesulfonicacid), taurocholic acid, gum arabia
(Sigma-Aldrich Co.)5 ¢H5-8-<Y A|zol] AME-3IL, WAl A oF
© 2= bathocuproine(2-9-dimethyl-4-7-diphenyl-1, 10-phen-
anthroline, Sigma-Aldrich Co.yS AF8-3}31t}. Preparative
HPLCS} analytical HPLCOl AMH&-3F &vll= Burdick &
Jackson(Muskegon, USAA} AlE-S ARESIAAL 2 2]9] &
718me Gt HEFAEGE)Y S+ AFS ARSI

Silica gel column® =+ SnapCartridge KP-SIL column
(Biotage Co., USA)YS AFE-3I93L, reverse column Snap
Cartridge KP-C,-HS column, %8 HPLC ZAHo 2+
A H2 Optimapak Cg column(250 x 21.2 mm)S- AR
siom, ¥49-8 HPLC ZHL2 Xbidge C,4 column(Waters.
Co)yS ARE-sIt). v I ZrkE 13 (TLC)o= MerkA}
(Darmstadt, Germany) A|%<] precoated silica gel plates
60 F,e,(0.25 mm)2} ODS RP-18 Fo,. (25DC-Platten 5 x
10 cm)E ARE-3HA T

HPLCZE Waters AHU.S.A)] £3-& dAI2rlEL
2 = (Water Delta 600, 2987 UV detector)e} #-4]-8 A2
vlE 78] Z(Alliance 2695 & 2998 PDA detector)S AR5}
RN, AAEAE ] Felol= MALDI/TOF/MS(Bruker Ult-
raflex III, U.S.A).)E A3t

FES9| N=
X (Phellinus linteus) AHA] AZEZ 2 kg 95%
HEE 16 [E 247|7F F%F 23] 353 & oJ%](Whatman

(<)

No. 2)2 AHAS|AL A%} F538lo] FE= 724 g& A|Z310]
Ao AH&-3FATHLee et al., 2010).

Lipase Maligd &3

Lipase®] #3]&43-2 2 X (Lee et al., 2010)2}F 70| Bitou
et al(1999)2] WS A HIAA trioleizFE A==
oleic acids Z7g3te] A2 =3It 0.1 M NaCl
o] 71 0.IN TES(N-Tris(hydroxymethyl)methyl- 2-
aminoethanesulf-onic acid) buffer(pH 7.0) 9ml®l trioein
(120 mg), gum arabic(90 mg), taurocholic acid(10.16 mg)S-
Y3 587} sonicationsl] 7]12-&N-S A 23} T Lipase
Fg=He 9%k vhg-gole § 48 (pancreatic lipase,
500 U/ml) 50 zd, AEFEE 50 gd(4 mg/ml), 71284 300 24
= H7lste] HERYI) 400 (7t H=E A3 F, 37°C
oA 3087+ HESAIH T EANES & AAE oleic acid®]
FFS Zapf et al(1981)2] Wil et SA3IAT) &, a4
WE-S- & Wk-S-8-9(incubation mixture) 0.4 mlol 2%(v/v)
ethanol®] 3Z%HEl chloroform/n-hexane(1 : 1y&<8 3 mlS 7}
ste] 103 &<F wRksk & AA1E2](2,000 xg)ste] FF&
AASATE. 1719l copper ¥+ 1.0 mS H7Fete] THA|
105 591 shaking 3+ %, 1087+ ¥A152](2,000 xg)d}aL,
F=5 #2 A4 copper salts7t E-7-519] = organic
phase 1.0 mIZ F3F 0.05%(W/V) 3-tert-buyl-4-hydroxyanisol
o] x38HE 0.1%(W/V) bathocuproine-chloroform&< 0.5 miE

Egsto] 1057 vk 5 480 nmeoll A S =5 S48
Inhibition activity(%) = (A —B)/A x 100

A: enzyme activity without inhibitor
B: enzyme activity with inhibitor

Lipase X3{=Z2| x|

87 A% 23

ARl MEEFEES ST g8 F n-
hexane, chloroform, ethyl acetate, butanol & E=Z =4Jol
et o] w2 gty S0 2 SR &b
o2 AFEY skt

=

N

Silica gel column chromatography$} HPLC

|l AEFZoNA lipase A &/do] 7P =2 ethyl
acetate 52 1Y 5=56}3L 0] FFE-2 hexane : chloroform =
3:2 82 =91 Uk silica gel 35g2 ¥ ] 1% B
staL gulE ehds] AAT & AdAmntET ol A}
&3ttt

12} silica gel column chromatography= SnapCartridge
KP-SIL column (71 x 252 mm)®l] hexane : chloroform =3 : 2
=9t 8= FE AIZ1 % 3529 silica geloll S2AIZ A S5
loading3}>]  (hexane : chloroform =3 : 2)-methanol &1l A2




Lipase inhibitor from Phellinus linteus 59

18 ml/min 422 methaol®] FEZ 0~100%7}4] stepwise
2 EZAIA 18mbY 60712 S AT}, ZH2He] EEellA]
Imi¥ Fste] AaE Bolo] AL 3§ 80% methanol
I ml= 835te] lipase B4 S4B, g SRS
0~100%°-2 2%} silica gel column chromatography(Snap
Cartrige Kp-sil 50 g, 31 x 130 mm, Biotage)Z 33}
30709 fractionss o] Z}7}+e] 2738 ZALSISATE. 24} silica
gel column chromatography= F2]%¥ €/J%-8S 2ol 7A9Fs
%3+ & 3% silica gel column chromatography(Snap Cartridge
Kp-sil 10 g, 11 x 98.5 mm, Biotage)g ©]-83}°] (hexane:
chloroform =3 : 2)-methoanl &"J7| 2 methaol®] FEE 10~
100%=Z gradient® -§-Z3}o] 307)2] fractionsS Lo z}z}e]
& ZAFSIATH(Table 1).

32}oll A3 silica gel column chromatography® 2] 8+ &
AJEES Rol 7AFESE3SH &, preparative HPLC(Optimapak
C18, 250 x21.1 mm)Z A3}, water-acetonitrile 814
2 aceonitrile®] FE=E 0~40%7A] gradientz §=5PH 8
s1aL, ZHzke] w-8lol] Uit lipase A31Ed 5745} HPLCE
A ale] gjlehs AYgS WA 02 st Tl BES
A} =312 HPLC(Xbridge RPg, 4 zm, 15 x 150 mm)=2
431993, 054 water-acetonitrile -2 4] 2. acetonitrile2]
FEE 590%7FA] gradientZ A5, 42 1 ml/min

o] §&om HIE T Jipase BT RS ERIElA
(Table 2).

Lipase XMsii222| &3
MALDI-TOF Mass spectrometer(Bruker Ultraflex 111, U.S.A,
Matrix: CHCA)E: ©]-8-5lo] A &2 2] BA1Fe Z7gsI9i )
7E:| jl_l. [=1] _Tl_il-

ES =

Lipase XalilE&<e| &2 ¥ AN
YA (Phellinus linteus) 2 kg methanol® F=31o] 7

Table 1. Operating conditions of the silica gel column chromato-

graphy
Requester Condition
Instrument Waters Associates (Waters 510)

Ist: SnapCartrige Kp-sil 340 g (71 x 252 mm, silica)
2nd: SnapCartrige Kp-sil 50 g (31 x 130 mm, silica)
3rd: SnapCartrige Kp-sil 10 g (11 x 98.5 mm, silica)

Column

Temp(column) Room temp.

(Hexane:chloroform = 3 : 2)-Methanol =
100:0 - 0:100 (1%
90:10 = 0:100 (2", 3")

254/298 nm
UV (Waters 2987)
30 ml/min(1%), 18 mI/min(2"™), 12 ml/min(3™)

Eluent

Wave length
Detector

Flow rate

Table 2. Operating conditions of analytical HPLC

Requester Condition
Instrument Waters Associates(Waters 2695)
Column Xbridge RPs, 4 pm, 15 x 150 mm)
Temp(Column) 35°C
Eluent Waters : acetonitrile =95 : 5 — 10 : 90
Wave length 254/298/312 nm
Detector PDA (Waters 2998)
Flow rate 1.0 ml/min
Injection volume 20

72.

KX

~

g& AL, o] Foll FHirEo] U= lipase A2
A5 2, BAlsl] fal, & AlsFES Al A,
20 B Zo] 53.9%% 7P w9kow 11 thSL cthyl
acetate 5°] 253%%S XS TtHTable 3). T3, guf 23 F]
lipase #3242 ethyl acetate Z°] 77.2%% 7Fd =%,
T2 hexane 522 73.4%%] lipase 434S YRS
TH(Table 3). WA lipase A3l &4do] 7P ¢-staL, 3]
€% YA =2 ethyl acetated S F531d, 17} silica
gel column chromatographye AAISIATE =, hexane :
chloroform=3:2 &= &S =0 F SnapCartridge
Kp-sil 340 g silica gel column®l| loadingdl®] 30 ml/min
492 (hexane : chloroform =3 : 2)-methanol -2 A}-8-3}
o] methaol®] F=E 5~95%7HA] stepwise §Z3t] UV
254 nmellA 300 mb 3071 8L ATk o5 307H9] £
o] thgt lipase &/ 543 A3 39 878 15H £97h
A 1371¢] EFo] £ lipase A4S YRS
o]ofA], lipase Aal &0l =2 137l B8-S Bol Atss
3l & 23} silica gel column chromatographyS AA]5HATE
(Hexane : chloroform = 3 : 2)-methanol £jA|S ARE-3}]
methaol®] F=5 10~100% gradient= UV 254 nm®} 312 nm
oAl 6712] peak (F,, F,, F;, F,, Fs F)E Qo] ZH2k9] lipase
Al AR A3, Fo280] 782%2 7HY =2 lipase
AsedS B by 7P w2 24E Bl F 8-S
Ro} 7IFEE$H & 3% silica gel column chromatography S
2SR, (Hexane : chloroform = 3 : 2)-methanol 81| A2

N A

A

-y o ot
aflishs

Table 3. Yield(g) and lipase inhibitory activity(%) of various
extracts from systematic solvents extraction

Hexane Chloroform Ethyl Butanol  Aqueous
acetate
extract extract extract extract
extract
Yield 124002 33+0.12 212+1.57 13.1+0.75 454+3.6
(1.4%) 3B.9%) (253%) (155%) (53.9%)
Lipase

inhibitory 734+62 20.6+13 772+33 337+28 214+12
activity(%)




60 olF 5

=

methaol®] FEZ 0~100%2-E gradient® 8231 30712
fractionsS o] ZHzte] 43S AT 3071e] 8 &+
lipase A3l &/d0] & 85 Fo} 3-8 HPLCE dAst
%337, water-acetonitrile 1A 2 acetonitrile®] F=Z 0~40%
2 gradient -§Z31 30719 8-S L —_r UV 254 nm=
AE3 A3} 3709] peak(H,, H,, Hy)E g 4= 3t}
(Fig. 1).
< A9 553 £ 7F peakell Wit lipase
A7} H, 780 83.5%=2 71 =2 lipase
H, 21 5 % H, 63.8% ©|3itt. whebA] 71
< 3xH £38 HPLCE vHE 4
ICSO ] 175 nge] AL Hol=
2] hpase?ﬂﬁﬁ EAE A o] A A=
L oF3PA I (Phellinus linteus)2] WERE: FE2E(24 ¢,

lipase A3 €4 3365 ng, ICs)=FE] 19.24] A% lipase
Al 22 0.25%(181 mg) &= AQYTh.

Lipase Mol &2 4
Phellinus linteus 22 F-E] A E lipase A3l Ed] &
= HPLCE 213+ A3} Fig. 29} 722°] RT 6.98(min)2] <&

—rﬂ' T 5292 RIS thin layer chromatography=
BAE A3, Rfgre] 053¢0 9 =29ds SRlsit
(data not shown).

A AR ZHE A2 HAE lipase AlEE2
g AN R 23 vkl Z =okvh B=g, A A
lipase A|3/1E78-& MALDI-TOF-MS(Matrix:CHCA)Z 41
Az}, B 523.06 Dal ® F4 H A THFig. 3).

A o 2 RE Fa], HA|S lipase A3NEZ digh
UV 220 nmellA 400 nm7H4] F=7 382 S7gsto] UV )

A A 2 A 25 elld 3§
B, 254.7 nme} 358.1 nmolM = =& 9 ghg 7}

A= spectrums WERH ATE.

ot rﬂ 2

2.00
1.804
1.604

1.40] ‘/

1.204

RT =6.98

= 1.00
0.804

0.60+

0.404

0.204 IJ k
0.00

TR e L T I T I o T T P
0.00 2.00 4.00 6.00 8.00 10.00 12.00

Retention time (min)

Fig. 2. Analytical HPLC chromatogram of the purified lipase
inhibitor from the prep-HPLC.
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Fig. 3. MALDI-TOF-MS
Phellinus linteus.
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Fig. 1. Preparative HPLC profile of active fractions(Fs) from C,; column chromatography.
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No
=

?01]*1% HAC 2R AR Rk 25 (W)
iiﬂr— e =4S —ir% AAste] 2 EAS 86k,
o|F 71578 4% /e AR 885117t lipase A3 243
o] =2 A (Phellinus linteus)?] lipase A3l B2 2%
chromatography® A sttt WA A A (Phellinus
linteus) AFIA| FZ=0 tigh 8ulf Al'SEES HAlste] A3)
Dol 7P E=2 oldoMH|o|E FEES AL ©oE 37
#9] sillicas gel column chromatography2} ¥3-8& HPLCE
2N IC, %kl 175 ng®] lipase A3iEAS 71 A A%
AN Bakol AAE lipase A3l ES AATE HAT lipase
A EZS dHe] NMR spectrometryS 248 Az} Hx}
o] 523.06 Da® 2 FAHEAIL 225.1 nmellA H) &
S 7 2 H ol

=8

A=, AR,
2006. 349 7154 2 *éJH Nke
SH=t-3-8-A 51518] <] 49:221-226.

7&7(4/@ 01;< o]zk‘,: 71 4;] o]-aioH 73%464 2004. E]—:',:ﬁ]_%jr,]_
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Hackman, R. M. 1997, A|S5Z22-82F9] 7|5 ALRZ 2%
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