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AFE g Ry 3T3-L1 fpipimre chp = f 2§ 0% 5 R0 f2Ps
Eihdp ko By 5 v 52 (RSM) 4834 Flavourzyme -k &4 4~
2 39 (ISP) ehdif kKf2if 2 003 A KR ¥ B 40 2 9 m % 0 =
g - kfgch®ds w5 F s pH & 532-868 - F JuiE
33.2-66.8 °C ¥ -k jz pFr & 19.2-220.8 min - F R d & % ﬁp?/,,\ 17
(RSREG) %7+ > pH 7.12 -~ 488 °C -~ 1249 min > H -kjz$ 4
3T3-L1 smPe 3 = A 3% & & ~ 7 i 359.93 nmol/mg
protein > R EE L KfFIERRFHRET R SEHETOKEFHA
Z % 5 359.92 nmol/mg protein - EIEREARF o 5T E-

#H i g g KR [R5 > 7 £41* 1,000-30,000 Da a5+ £ 12

|

& (MWCO) a4 % % » ka4 > %454 F-ISPH 5 1 kDa
MWCO g% 4 »r1¥ 1 kDa retentate #%;f2/5 % 52 8% - 400
ppm = F-ISPH 1 kDa retentate # ¢ 7 = % ## *c & /%£_318.73 nmol/mg
protein # < % 378.19 nmol/mg protein (p<0.05) o & 5 14 "4 48 & 47 fm
WA Hd A+ & /43 189-2,080 Da "2 P B R A4 L3 bR F iR
fREL % 4 ppm kAT YRS P 2 R 0 31873
nmol/mg protein # = T 507.06 nmol/mg protein (p<0.05) - & {3 i%i®

4 K 17 A B 0 A 7 ke RHFA-2 o RHF4A-3 > & s



‘o dppm HE = pEE TR F § e (p<0.05) P = AR
% /&_ 316.18 nmol/mg protein % %3 = 3 580.59 nmol/mg protein
#2 615.87 nmol/mg protein o RHF4-2 & #F 2 2 B 7] ¥ it

% Leu-Leu-Leu ~ |lle-Leu-Leu & lle-lle-lle > m RHF4-3 B| %

Val-His-Val-Val



Abstract

The research was based on glycerol release in 3T3-L1 adipocytes
as a marker for screening the lipolysis-stimulating peptides. The optimum
hydrolysis conditions of isolated soy protein (ISP) with Flavourzyme for
increasing glycerol release in 3T3-L1 adipocytes were investigated by
response surface methodology (RSM). The independent variables were
reaction pH 5.32-8.68, reaction temperature (RT) 33.2-66.8 °C and
hydrolysis time (HT) 19.2-220.8 min. Based on response surface
regression (RSREG) procedure, the optimum hydrolysis of ISP with
Flavourzyme for maximizing glycerol release (359.93 nmol/mg protein)
in the cells were: pH = 7.12, RT = 48.8 °C and HT = 124.9 min.
According to optimum hydrolysis conditions, the verification studies
proved that experimental value (359.92 nmol/mg protein) and predicted
value were very closely. In order to purify and sequence the
lipolysis-stimulating peptides from Flavourzyme-ISP hydrolysates
(F-ISPH), the first purification step employed several membranes with
molecular weight cut-off (MWCO) of 1,000-30,000 Da to fractionate
F-ISPH. The F-ISPH 1 kDa retentate obtained from the treatment of
F-ISPH using 1,000 Da MWCO membrane could significantly (p<0.05)
increase glycerol release from 318.73 nmol/mg protein to 378.19
nmol/mg protein at 400 ppm level. The F-ISPH 1 kDa retentate was
further fractionated by gel chromatography. The fraction with molecular
weight between 189 to 2,080 Da could significantly (p<0.05) increase
glycerol release from 318.73 nmol/mg protein to 507.06 nmol/mg protein

at 4 ppm level. The reverse-phase chromatography was further employed



to purify lipolysis-stimulating peptides including RHF4-2 and RHF4-3.
Their glycerol release were significantly higher than control (p<0.05).
Glycerol release of RHF4-2 and RHF4-3, respectively, increased from
316.18 nmol/mg protein to 580.59 nmol/mg protein and 615.87 nmol/mg
protein at 4 ppm level. Amino acid sequence of RHF4-2 may be

Leu-Leu-Leu, lle-Leu-Leu or lle-lle-1le. The sequence of RHF4-3 was

Val-His-Val-Val.
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WE K deke o L2 d e B R RSV TARR > B A ek
v 4 Fx gl e a4 B 4ph (Finkelstein et al., 2005) o 1245 {7 5%
Pl F e g dpdl DY e A2 —hd EAEEE (FRlr
w2 F,2009) 0 3F 5 AT Y Ap ek - Ao e 4 M bl %
= AR s B R R PERCE AT R 2 Jpx 3 (Field et al., 2001;
Must et al., 1999) o g * R L F L L2 e & f Fliw E /7 T
o F AP R R TR R R i B g 2 Ey
fin 5075 3% 5% 5 3 ’95’9%‘3,5’_,?7%‘2 v @ P R E A f#q\” 5 4B *—‘«ﬁx £ 2w
(Shepherd et al., 1993; Hauner, 2004) o 3T3-L1 # #3 %5 fm %2 $& {1 e
it {8 ¥ ¥ &I ¥k e cndd i (Ntambi et al., 2000) » i * 7
Tlge™ @ mie p P35 R FF B 7 3 4o 4 8 > 9% I (Shepherd et al.,
1993 ; Carmen and Victor, 2006) > F] 3% i L fm P2 $hend T2k £ IR o
O A RN IR B B P A e B 2 (Yan et al., 2003) o
SRRy FA M—ER2FR MR BB ELREAMYTT D
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BE AR i oz (Babjietal, 2010) 0 e B Fov Bt Acde e B
B R i ;B L4 s f2 (Zhong et al., 2007) 0 B4 L FE o Fg - E

iR P PR RS AR OR S TROE B # (Merritt, 2004 5 Sirtori et



al., 1995 ; Kontessis et al., 1990) « #7 5 = Jgdt » ~ & v 5d 7 F f2
FOEH o2l 32 BB w2 R 0 T
H0 bi4e Alcalase "R f# A 3+ & F-v 4 A B 5 el B o BIE M

% < (Chiang et al., 2006) ; | * fic2 $= & (7 chd-v fa K2~ & 39 >

B2 v RrEE Sy R (Zhang et al, 2010) ; ~ 3L+ &

gl

F0 S5d B X 1% 7 (Bacillus subtilis) kv fs-Kj2 g 2 vk jzs
B ' v ik RHlenn 2487 2 £ (Aoyama et al., 2000) ; & *
Flavourzyme £ Nutrase 'K fE 4 3~ & F-v T F vk 25 7 RaE

3T3-L1 %3 % fm % e9; f2 & 1 (A > 2009) -
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Flavourzyme %z ® p ** E Feiif & 39 B RfRfs R PFZ 5 b7
A F-d PR por A Fod PRI B PR kR R LR vk
fRrcd g vk hBE, T R TEFE N BORIER O BlAc 7 R
Kimz F-v BOKfERERfEA B B 39 0 B %287 12 Flavouzyme
RS S EEE Y RN SIS oy
(& > 1996) -

FIALA T A g kY AR a S EREZ
BoKkfRPEEEREA TR DB OB R AR AL B Rk
2 H R P 3 e BREFEME KfEPH o 86 & (Chiang et al.,
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BE S Y AP TEH o bd TR NF 35%0  Bigd oy
2 A BRIV EEMR Y < B4 (defatted soy flour) > #* PF F-v
TERBAS 50 % Wit BpL e e B RPENE bk [T
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% REEY 2 v - BRI E R o dpod patie s e
A2 Fd FTER I Fouka WA A4S 2 F9 (isolated soy
protein; ISP) » F2 & 7z £ ¥ & i¥ 85~90 % (Lusas and Riaz, 1995) -

F 8 0 FEFFTSE S 50 F-9 B F ot (protein
efficiency ratio) » ~ & F-v Heh? fitepk (Methionine) 7 & 4 » &

R Bk TR A hds Foind HPS%REhht 6 Q40

"El

FORfend REEAFDIS B FRPP AN EE F B+ B8R F it
W end-d Joesot (Sarwaretal, 1989) < F24 » 4p B Aok HE A B
o A AL By o H Ry YOV AR B U A e o
Flp % B v T E R BN B RS 2R D R
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PORMERAR 2 = i % "5 (Anderson et al., 1995; Wang et al., 2004) ~ ¥
#1925 (Nishi et al., 2001) 2 2 "% 4% & B &4 2 5 B (Yang et al.,

2005) -

S S S ST

Iy

o TR RSB AR e g Y R R A2 BOE B X
v B Kik (Clemente, 2000) > f {5474 N { % F=v F-RfEP 7> 4o
AU A "ffﬁiﬁ'bﬂ SRR AR R B BARE AR R S B AR
rA % (Lahl and Braum, 1994; Sathe et al., 2005) - % ¥ it & 3, 34050 >
L3R B RkfEyr 23375235 H g L FE 0
(Zhu et al., 2006) a‘mpﬂ/p 4 (McCann et al., 2006) ~ % % 2 & 514
(Gill et al., 2000) ~ "% & & &+ (Chiang et al., 2006) ~ "% & ¢ "% %] f% &2
Z e W g Bt (Aoyama et al., 2000) ~ 4% B 24 = 7F 2 (Kim et al,,

2007) ~ i8iE 3T3-L1 2 % im %% 5 %5 A f275 1 (A > 2009) % o

© R Fokpas e a g

i

g FokfpRp o AR 2 ROk fR S B2 R
FoRfE e BORfRE G M A S BORRS C RERE L BoRfREAR
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(DCP)> 11 2 -k fzis ¢ frpH #7142 03 B~ (NaCl>40 %) fr8 7 &
$#59%f 40 (monosodium glutamate; MSG) % 7 2§58 (38 > 1997) o 3
i P WA OKRRY B F RiEAES TH B RERS Foom
§A DR P TR S B TN AT E (5 1993)
SOBREE S RN A R o KRG H Sk [0 fRRTH I
0O ORE KR A S R pRE S I 0 RfREART € A
4 MCP~DCP & R4 ; KR 2 VR foif B4od B ~ ME TiE(7
Tk E R K AR A K HAT T BRERRE - A
MOpEE KRR RFESF AT 2R ERA ST S PR
REZAN KRB 2 pH e8I R ~ T FREFF I EE
@ kRS (850 1997) - A a R KRB E @ F6 FEokE
¥ & & (Panyam and Kilara, 1996) » iz 4t #i -k 29275 (hydrophobic
peptide) & ¥ F-v H-kfzf A 4 =vkeni & h 5] (Ney, 1979)> 5 ¢t
FOAORfERER Y SRR kL ERAL Ao Y BTG N
1 ¢k 2» % % th Flavourzyme -k j3 4 31+ & 3% » H-Kfad B § #F K
3 5 2 i ek e 1 (Seo et al., 2008) o | gt {F de 0 I * 4 £ B
23 A 30 kAP AG S BB A a S BE L 4k n B
wF o A FE e fI* Flavourzyme 2 & L 5 #ifq FATA B %

g Ry A fRE L 4 B v ok f2d (F 0 2008; 4 > 2009) o



2z -~ Flavourzyme f§ 4

Flavourzyme * p % Aspergillus oryzae > 4 Novo Nordisk = &
P - kP Z 3 73] 39 fF (endopeptidase) & ¢t 7 3| v fF
(exopeptidase) 24 & 3¢ f¥ » A *» | }-v f¥ & 3 aspartic protease -
metalloprotease  ~ serine protease > ‘b 7 A F- v fF B 7
carboxypeptidase - F|pt i * Flavourzyme -Kf2ko H 5 5 8 rcF &
M Evh2 IRBE o A @ Flavourzyme 7 7 % fdd-v A~ f#fs - HREGE IF
*RB AR R By it o

Buck (2003) 2 8 % 4 3+ & F-v ;324 1 Flavourzyme crp
FE R AERIER S0 °C B pH @ 5.7 4 ik hpEE s
(Bl-) - @ Flavourzyme 7 *}*» 3] }-v f#-carboxypeptidase #if ¥ &
PH (4515 7> 2 % pHT & § d ke 2wkt 4 > B0 2 F A2 pH
B TR R EYERAES0CEF REREEENE (Bl-). F ik
FIFH BBHFLEHET - =t — F]F (one factor at a time) F FH kit o
PRPFPEZRDAENE L FEFFIEE - T FF 2 F e 3 0F
* (interaction) » + ,T*uﬁ 2AFREFRAEGEY RG> FRFE
FHIFFIEHILI Y P BV R K A m i (response

surface methodology; RSM) & {7 fif % 2 4537 o
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Figure 1. Influence of pH on the activity of Flavourzyme on 8% isolated
soy protein in 50 °C.
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Figure 2. Influence of temperature on the activity of Flavourzyme on 8%
isolated soy protein in pH7.



¥ 5 F S ki dendag it @L< 50— =t - %3 (one factor

at a time) F oK XA AT - BFF P EBEADF DB FESR o

<\

R 32§ F RFIFEFF2ZF eI B (interactive
effect) » Tig 8L R\ B> HFT Pk B A SRS @® Y

PALPESE AL A A b R RS R I RS EEALARE -

%

- PR A ERE S B B 50 e b ks g -
Boif it 3 JEde D $ R JE (gradient method) ~ = & BLIFEH ;2 (simplex
method) ~ B & #& i¥;% (evolutionary method) % * & ¢ & ;* (response
surface methodology; RSM) % 4% & ! kX (Himmelblau, 1970) > # ¢
xuﬁﬁﬁﬁégﬁw%ﬂi@ﬂéi@ﬁmjgﬁ&@;ﬁzéﬁ
Br ook Y G s - B EBE 2 N2 PO BB ARG Y I A 4T
J % e (variable) ¥ % (L E & @ (response) i E (Myers and
Montgomery, 2002)° & & #' & 2 ¥ F PEIFEFS B A B BEFS
A2 - Bt R BiIEE LS FRYPRBFTIFELEE G 0T
EReRERFNFEE N GEPF A EFAPLNERRE 6
AEBSA- F- FFRRAUAT LR R 2T REFTHR] L E

T H R 2
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BB E FFREERER

3. VMEEFFFOIIEY LI AR R hihEe o #F RS
2. Frend 3 84 .

Box and Wilson (1951) 5 L4 I\ F o & 2 k3 s - 2 A4
AHERGEE R HRKR 22 HRF E HI7 (datafitting
technique) > £ > fy it - EX P|F]F+ 2 P RSB Ap 3 B 2 5
oM %’%@ o AR AR c F Y R EFEL SV
AT B it o

1. B2 W i iT

IR Qf’k AHF BBy W5 TS PFE g g R BT
F o fadrH 5 oo RS £ I 2 B D2 (method of path of steepest
ascent) k3% F i& & B F &

(1) "#A RIS
A RELTARER D - B4 ¥ ¥V ERELIEER S > 2

Bl T LR R AR E AT T3S e v R o s A TR FAE Y Avde gt
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(Po) w5 & RE CIERR TR R Fropt BT BEL
AR w2 F BEEAH2Z FRE HEAFF BER L LFEE
BRoOPERRFEBBEFFEN > B D FHREZF BETE L JpF
S%EER AR 1T E % & (Myers and Montgomery, 2002) °
2. K v ¢ EcEHoNE
kAR I P SR KR Bk E T (central
composite design; CCD) %+ 4 “v % 2L (star point) ~ #hEE (axis point)
& ¢ 8L (central point) F 2% 0 PR & F]F H3F k2 gy 0 Ut
5 ~w i (multiple regression ) #3718 {7 = [f 5" el 2 & o
(1) @ <EEFHRK
PR R BRI ¢ BE G AR EE 0 1A B rphBEAS B
TR AR R R R ki £ e - FE 3] (second-order

model) (1) H-HE45 F 4 B B 4R

Y = BKO + Zﬁm‘xs + Zﬂkﬁxiz t Z Z BiXiX; (1)
n i1 i1

I <j=2

Mz FFEG (Blz) RARAeEEE BB W ‘bt W ARy FERET
WRL RS Bgh2 a0 pEg (dE)5 N0 Nei B 800 phgh s
BB EHfeh B RERZ BEAAR S T 2 0 & B B pRET A

BB P ez A A g oo 2 Rt 2 o ¢ e BES R R EE (0,0,0)
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Figure 3. Concept graph of central composite design with three factors.
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TEHR &R PP Ry d REFEASFETE S DHF RFAL
(pure error) o 4wt — K 5 & F]F 2 PIREHFEISE P < gL (0,0,0) ~ fhat
WEL (cd,+d) 22 R EEL (1, 4]) £7 BRIEKEEEY R
R okETEFFHRTE2Z S S > ¥ A% statistical analysis system
(SAS) S §itl s 1 F w6 v FA T 7o BN B 4 0

Pt Kfm it F o % 1* (Myers and Montgomery, 2002) °

3. F Y oo BN 2 At sk

PR RPOEEFAF VAT T2 B o 5t 0 B H

F oG AART Y R #ickh 1772 (analysis of variance;
AVONA) ™ 2 # %_t4#c (determination coefficient; R?) v 1 ¥ %_o

(1) %3 HA 74

BEPEY Jd Ftest¥s T o

ETINS

REEES RS TSk
F0=MSX1 / MSE

H ¢ > MSg (residual mean of square) # 7% £ 2. T 35T = v
MSx1=SSxi/ v x1 Bl & #5382 T 35T 3 4o
SS.i ( x1 sum of square) = #-;' 2. w Eﬁ?%‘ﬂ
Vxi» B d R
£ Fa & (F distribution) % teZ&w fFig 7t > d Fo v & 5 N384
Lo ApEpd B2ZFE » 2Fo% »FER ¥ 270 #8552 g 27

Bkt 1 (1) K B4 .
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(2) t& TLlrdc
o R BRISSSR/SST > ¥ 2 e 03V 2 w i 8 7 H AR S
“rd it Pt 0 SSR (regression sum of square) 3 #cH H5C 2 v F %
B > SST (total sum of square) % ¥ Sk %R o ZER7A%4B:T 1 > % 7
BEHANT i 8 F Sy F 2 RPE AT 1 & 0 ot B8 B
LA B S NGRS
4. tmiEEhz AT
1o B 2h* fLie¥ Bk (stationary point) » ¥ iv E {& < E - & B
¥z gk (saddle point) » — &2 & B] 4 47 (canonical analysis) it {7 2] %7

(Myers and Montgomery, 2002) °

)
s

3 e A 19
EFF - B MR T R R TR RE

Y &5 2 RARARBE 2

h

e

A2 BEL R AT ttest K%
A oot test A B F B XA IEFIF a2 BERL
(standard deviation; SD) & {7+ fix > F % B fr ttable ® Ap¥tp d &

T tvalue ] AT FFHF RET R F R %A #ke SD

LL

B3 tvalue C BPFIFHEHFBEEF BEFREE (Myers and

Montgomery, 2002) °
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R =P}

Wi g (membrane filtration) Z_ & 5 % AR iE A I
(pore size) & 4 F & *VLiE (molecular weight cutoff; MWCO) & %12
Aur S fEr e 3y (Cheryam, 1998) o — &i g v R34 T < /)
Feek A G ow 8F  HciB iRk (microfiltration; MF) ~ 42 ik (ultrafiltration;
UF) ~ 2 K i#& /& (nanofiltration; NF) 12 % if /% 15 (reverse 0smosis;
RO) - & AR ERI A LB HFBA B* 2 A FF T ()
(Cheryam, 1998) < Mciffjjg 4 $23% & &4e 1+ B F k&R A02 7 § ¢ &
0O e d B BT S TR Tl e BRI Y R RN PR 2
W & FACR $ B e d@ (Giorno and Drioli, 2000) ©

(-) WA HRE

WA BRIV kR PRAE (TN A 5 €-F i) (dead-end filtration)

BB (cross-flow filtration) » 4- B = #75+ (Cheryam, 1998) o =

BBk SRR E R R R BT EE T2 s

Y

at‘

2 IR o R e b R T S E R A
B A IV 2 M o i s o s FREA e P T AR
o %ﬁ\z’ AR A R Y S B T B g M iR (permeate)

FlondicFipE e T Add T3 g4 (shearstress) » ¥ #-3i

B e Bw T = Y R (retentate) 0 IR G R T
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L~ LR

Figure 1. Membrane types and characteristics.

Membrane type Pore size Retentate Permeate Application
: ) 0.1~10 suspended particles, dissolved solutes, fruit juice concentration,
Microfiltration ) . . .
(um) cell, bacteria, water water alcoholic beverages clarification,
removing bacteria
) 0.002~0.5 large molecules, small molecules, milk concentration,
Ultrafiltration ..
(um) protein, virus, water water enzyme recovery
) 8x10*~7x107 small molecules, monovalent ions, sugar refining,
Nanofiltration

Reverse osmosis

(pm)

3x10™%~4x107
(um)

divalent salts, water

all solutes, water

water

water

separation of pigment

seawater desalting,
harvesting metal ions

(Cheryam, 1998)



DEAD-END FILTRATION

Feed

W

0%
Cake 050 9 CpUQODOO

00 o® 0 0% O
Membrane 72727 WJ’MW Jffﬂ’f’ff

Pemeate

Ble ~ L% @/ﬁ& 2l LI 3@/@

LR -

CROSS-FLOW FILTRATION

Retentate

(Cheryam, 1998)

Figure 4. Schematic diagram of dead-end filtration and cross-flow

filtration.
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EERER BRI AT R R SE A

8
T\
U
b
A
PR

2 ARERHEM R F K BRI

i etk (T 0 Wi w4 R e 7 ptT (diafiltration) o Jg it Edp
- ##47 (dialysis) — #iB /g (filtration) =g (7 » pL 3% (77 5 (K5 F
BT R TGS e T o B TTRE R BRI M - THA 0 X
BARIEH P A » F TR et TR ETRIR Y v A S S T i E

e mi o ¥ P ETR E RO REAEERR - B4R

Ik

th

it EARG  PIARRY P A F 3 iiﬁﬂ&f“& °
(=) &*

B O AR A AT R TR ke JE Y
FI* B g 4 SLic o A AR AR AR R B H 4 TR A doji
Sae? HitAgy L it s (Wang et al, 2010) ~ & B H -0 F
A jafF (Lietal, 2006) ~ FI % AZE 9T A se L 42 4 Fv K jRdFF
&t (Jeonetal., 1999) ~ 3.} F-v KfEFH 22 % & Fv K25 S PE %
v kD H R BREM (Kim et al, 2004; Chiang et al., 2006) 17 % i#
FATRER A N E G A SR X B F9 K fEF (Tsou et al.,
2010) o § F 3% 5 M1 EMIEIRZ BT R UGB IR K B TE R A G 1
Z R RN oA B0 KR s iy MBS (Je et al,

2005) ~ * B3 k% Bt s 1Y B0 L RS2 9195 (Rho et al., 2009)



A RS Fev RfES S FA AT B (Kim et al,, 2007) 0 %]

PARTE RN B Red KRR OB SRR T A S R A FE D

ER T R P RN IRE ERE T EC
N K

=

LR R L B R Y B e e

XS

—i

A B d p A o ie

(endothelium) ~ & #q F 34§ 50 *5 75 s %2 (preadipocyte) 14 % = 3 ¥
ok Py B enPg ik Pz (adipocyte) #ie = (Hauner, 2004) & 3 &% &2

EREBAMAE > AR REREE RN T e

o A

ST &
AT A NP 5 Bl BRI 2 b 0 ey
ST SRR R E S SR § et R R ERE SO

§ o Bz

B nadFd e £ 12 T (Gregoire et al., 1998) ©

B g g s Oy LA fEARE] 0 TR 4 gk sk (white

adipose tissue) £tz ¢ #5952 5k (brown adipose tissue)* & & § 34 & 4

M it £ o3 i (Jequier and Tappy, 1999) ° # @ & # )

RIFE e 2 BRAZ LR A ERS P AL

A ARBSFMPN R G RS ¢ gk sk (Albright
and Stern, 1998) o
(=) ¥ & gl

B e s A B i R BT 1R A B A e
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3

FON KR <2 pOgRT ¢ (Casteilla etal. 2001) © 6 & Pq 5 8 Wt R
ARy ERS > trEF AR L € B 4 (Hahn and Novak,
1975) @ & #gipim Sp g 65~80 % 0 H P = FEH M fin bRy T
$190~95 % - H ARG 0 & Fa e epk ~ ALY g > H Y g
YR 2 AR B & (Albright and Stern, 1998) - % B 48 i £ 7 &pF > #-
= BaH i By (triglyceride, TG) i& {775 f#i®* (lipolysis) #& 4% = ¥ {I
* i = g (glycerol) & Fpinpc (fatty acid) > F PR w28 S 0w
g By _E’_%‘u’jh € Hit B pAH g k5% %+ (Darlington et al.,
1998) = 6 & Fgimle i g G Mo B BRI R E o0 i (Albright and
Stern, 1998) » e iz 3¢ N BRFF1T o7 9% e B (visceral adipose tissue) ¥
T4 (pad) » D BB BEE o En BN RA L B HILM
% % (Rosen and MacDougald, 2006) o m i= ** 4 T &3 % 5
(subcutaneous adipose tissue) B &_[f & ¢t B eIk 5 4 4 5 48 cnibr
Fru| 5304 F AR 4 % a4 5 (Tryillo and Scherer, 2006) -
(Z) Hé e

B o ravp g s B S H Bl G F RO B R
d oML TFERERGF L ERANET  FENRRFTEF
(Albright and Stern, 1998) = A #g>t 374 S F I 5 fz ¢ "giple i

PR LRZIPEP TR A SERI  preg T E
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o b 07 18> ficdz 4 P9 95 e R (Nedergaard et al., 2007) © 17 4 #q

S RHE G EREAL R AR S LT AR R

(uncoupling protein 1; UCP1) % & ﬂ‘i’ﬁl’%ﬁ R A TR o EiE

g+ @ UCPl &2 J=# 7 &4t (Rosenetal., 2000) o fds i 4 38

-

v

tRd Fg PR R RS R oo Fude ot R B ATE B0 i

* b2 3R (Cannon and Nedergaard, 2004) o

N = Rk 4m Re rEd 70
> g V5 ko by T

FaiRm i GRS ke ik & 2 ¥ (Hauner, 2004) - @ 7

w

TP eEl RF L SBSFMPM T (in vivo) 288 e

%

5

Y

(in vitro) = #8733 :
(-) EFHEpFy

MM I RERRS I H R o 3
PP RAE R MR A R B EE TR - AR
FRER > faipmie 2 R L AFF 2 A3 08 P> H AR R R

L

f

£o2 AR L WA P e 2 BRG] T R R S

PALim%e cn® 42 1% VR Mo mre s % o

35

(=) wmretgdri
Wrhwe £ 3 HHEHEP D2 EZRE(ER - FER - &

By Rr*EitiAfEwed Lrg2dhi s FIPBIRBEEG B



(Z) 3T3-L1 % %35 w52 &
P My am g e i) A R AR - SRR

#¥ fm %2 #-7| (mesenchymal stem cell model) » &5 fm 2 3B & iE
(non-committed) F|7%g %5 %2 3 & (adipocyte lineage) > ' & ¥ jm P2 ",%
TF AR Ry B e b s R W A L e dmfe (myocytes) ~ A dn e
(neurocytes) % #r ¥ m*2 (chondrocytes) (Minguell et al., 2005) » ¥ &
nfwfe 5 C3HIOT1/2 « ¥ — %5 5 o 5 % w2 $icd] (preadipose cell
model) » >t T% (committed) %5 ¥ me 3k 0 B FHE A LA G
PR AR o F AT Y 2 fmoe 5 3T3-L1 &2 3T3-F422A 5 =
famre 'y € Swiss 3T3 /] BarsMmPe &2 g1t % (Green and Kehinde,
1974) > # ¥ 3T3-L1 % *g3kimPe 5 P a0 5§ 2% 3052 3 Pk mie Ao 1L
WAz m e #-7] (Ntambi and Kim, 2000) » 3T3-L1 w® ‘& d & i if
oV REMLA RN kw4 BEME w2 3 i (Green and
Kehinde, 1974) -

(z) etk %

3T3-Llw Pqipimie egf B 42w & 2w B twe 2 £/2 &
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BFEFREFAFEAN A AYATIEIR AR E A B
WBARA S " FATZ  (adipogenesis) (Cowherd et. al., 1999; Gregoire et
al., 1998) o 3T3-L1#0 "q i m?e 3032 % 427 € 0 4 » 4 > Ak
g R e s F fmve 8 mve Y Bf DI R e T2~ Gy/GE A

Bb WA P EFEwEAE R P RS> & (monolayer) (Green and
Kwhinde, 1974) - H =t /,9]‘ de vh R & 1Y 2EA] insulin ~ dexamethasone
(DEX) ~ 3-methyl-1-isobutylxanthine (IBMX) *% 7 #5 2 & ji (fetal
bovine serum; FBS) 2 3% % A7 3 st 3f F w2 2 it (Student et al.,
1980) ° Insulin ¥ 7%%' d insulin-like growth factor-1 (IGF1) receptor i*
* @ 3 Yy s m e 04 14 (Smith et al, 1988) - DEX 3 — #8 & = ¢
glucocorticoid #g 4= » ¥ glucocorticoid receptor s & ¥ 5 it ‘w¥e i
4 %]+ CCAAT/enhancer binding protein (C/EBP) B:if ¥ ¥ » it
(Shugart and Umek, 1997) - IBMX 5 cycle adenosine monophosphate
(cAMP) phosphodiesterase e 3] > ig = m¥% p cAMP k& F 2 A

%A it (Ntambi and Kim, 2000) o f5d A b 2% 8258 > fmoe A (L 4e
#) #& 45 %15 C/EBPB £ C/EBPS %I > i&m B84 it R ¥ @475
C/EBPa 2 peroxisome proliferator-activated receptor (PPAR)y # I >

%o mie A b TR LR (T R AR BT P A e gk A TR 2 B e

>
<

303,

L% 5 FIASE * e 3P 9k m e (Gregoire et al., 1998) ©

na

3
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1. wmresid /2 £ BiF
Bl 3T3-L1 % 7g dpimie A fbwi > Fikimie 3 4 1 £ % > %‘gé
e e Ap T Bl A4 BRI A LT o @ e it i ik
B Go/G PEEP > ¥ iRk B o B S TVPEE o
2. FREFHFEASNML P ATAR
m g s re A KRR o B fh R A i 2R (insulin
DEX ~IBMX) % % 1 hr {4 » & it 4~ 8 #45F]F c-fos ~ c-jun ~ c-myc »
C/EBPB ¥2 C/EBPd =r® 4~+% 3 (Ntambi and Kim, 2000) - c-fos »
c-jun ¥ c-myc hE& B g g trme gt R ipiFp TR - 3 -
e AR N e V(5 23 6hr ik IR B F o g ke
Bz x> 4w &~ it (Richon et al., 1994) - C/EBPB £ C/EBP5 »
EAJ%’%E’ DEX ~ IBMX v insulin 3 %m 2> &34t 24hr 3 & =
Ao Mz TS AR ERT A AP EHFF CEBPa &
PPARy # 3. (Ntambi and Kim, 2000) (B]7 ) °
3. AL REE LR
"EE A Y R 4&-F]5 PPARy ¥ C/EBPo # IR 4= #) #8457
+ C/EBPB ¥ C/EBPS iZjbrjpss 2 > @ 'mPe 4 = 2 is b » I &
b d TP R ke e 35 B AL 7] (Rosen et al,2000; Ntambi and Kim, 2000) -

PR ey st ¥ 2 PR b g BHAR B it E 39 F omRNA B
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very early early , intermedialeI late
| ]
I I ] |

DNA
replication

cell
division

growth
arrest
Gp

c-myc

fat droplet
formation

LPL c-fos
adipocyte-specific
gene expression

c-jun
} L
confluence MIX commitment ' ISR
DEX
insulin
(Ntambi and Kim, 2000)

Bl ~3T3-L1 w Pghplm% & (L iEA4R o

Figure 5. Progression of 3T3-L1 preadipocyte differentiation.
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e d IR @ 454 0 -3-pEEE 3 4 B (glycerol-3-phosphate dehydrogenase;
GPDH) ~ 4 w ff -3- gk it 2 & p&  (glyceraldehyde-3-phosphate
dehydrogenase; GAPDH) ~ 4 & -3- %% ik g &L # # = (glycerol-3-
phosphate acyltransferase; GPAT) ~ ¢ fig fir A 2 it = (acyl CoA
carboxylase) ~ & ¥ & ATP 7 j2fi= (ATP citrate lyase) ~ # * f&fi= (malic
enzyme ) £ fgisfk & = = (fatty acid synthetase ) (Wise and Green,

1979; Weiner et al., 1991) « ¥ ¢t #ginmPe i ¢ 2 = F ’JFE%‘« HFRME
P 4oy F AEEFE S (glucose transporter; GLUT) 4 ~ % § % % 48
(insulin receptor; IR) ~ #5335 f: % & 3-v (adipocyte protein 2/fatty acid
binding protein; aP2/FABP) % #g354 jF % & #-v (Perilipin) (Herreros
and Birnbaum, 1989; Cowherd et al., 1999; Greenberg et al., 1993) ; 12 2

o ik dnte &k gk o 4ot % (Leptin) ~ /i 9 B % -6 (interleukin-6) £
"o 8% (adiponectin) (Cowherd et al., 1999; Bastard et al., 2002; Kern et

al., 2003) °

4 - P ¥k Fe ey EFfr 28
LY R oA g VR R T B ”ﬁ 3 %ﬁi = T * (lipogenesis) fo g
A faiEr (lipolysis) » @ & 1% % e i 2 W hmre 7y J30 4 A2 R

B4 -
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(=) mMafd=

A R & F s S Z B W s o g F e
AR KRRT A LR TR EE b g P Bk S

PR RRIEE T Nd A S D RYAMETAGD e s 3
SR 2 R Y Fg SiE ) T Sodets ¢ 1 FU B R (chylomicrons)
g %5 &9 (lipoprotein) 37} 3\i& ix ’;"ﬁg} LRV LA s s LI SR £
i+ (liproprotein lipase, LPL) -k f# = 7 = fi &2 P58 Pn Wppk > o R ¥ »
PEHL P AL 1k B TR IR M ch 38 (concentration-dependent manner)
%’ﬁ d Po ok km e B b fE 4% kv (transmembrane transport protein) £2 3
hBa i 6 Bev o X I fpisiwme b (Abumrad et al., 1984) o e & =
AL IS A R A e Y JE A RELE A 2 he Rl EF A
L REF S R A B EREL IR - R A
(malonyl-CoA) » £ % Pg3kps & = f¥ = g WAk o

Paipmie ¥ A R M RY P TL N E RN ) Z iR B
fa Bd = A3 PP 2 R 2 A PR RIS o R A 3 ST
WE g RmRe P 3k £ 4 b fF (glycerol kinase) (Reshef et al., 2003) >
BEERAYPA IR E S A W g Tl & 2 faH W g B pERE

faier ¢ e FA4-- S A aifc (dihydroxyacetone phosphate)
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2 BEd 0 5 d NADH ¥4 -3-gift 3 & f# (glycerol-3-phosphate
dehydrogenase; GPDH) » & 4 = 4 & -3-#4 & (glycerol-3-phosphate,
G3P) o *ginpatr + ATP & CoA > 5o figA#iffs A & = f= (acyl-CoA
synthetase) # = figz 7k CoA (fatty acyl-CoA) » = & & figk CoA £+
S3-Fa L i A 45 fr (acyl transferase) €% T A5 1,2-= ApAkH
Bife (1,2-diacylglycerol phosphate) » ¥ — & 3 eifig 2k CoA »* = fig sk
Hb e AESEE T T 12 Fedd R B, S = e W
(Weiss et al., 1960) -
(=) " f~jfE

AR A Z R N g R fREAT 0 Ty Riete ¢ 2 Y b
CERNCEENEE ooy LR F LI A 1y LR
+H i fig &~ f%f= (adipose triglyceride lipase, ATGL) ~ j7 f % AR 12 7q f%
f=  (hormone-sensitive lipase, HSL) £ H fk 4 /& fig ~» f% f+
(monoglyceride lipase) - 7 £ = f&+ # fig L 554 ATGL & HSL i #* >
e & m R A M (diglyceride) o BERRH b i 42 F
HSL i=% & 4 ¥ f& 4 /4 fig (monoglyceride) £ 7g%»ps » {11 MGL
MHBRY W R g 2 R %5 = - kF|enfgfdivs
(Jocken and Blaak, 2008) - 78 ™ — &k 5| e0Pg f2 1% % » A fgihlmbe B R

XFESIREFF A F mre i T ’gf]t'% FHEX N EERD

29



% cAMP 4 ILE 2 5 @ 8 cCAMP i # F-v FifE (protein
kinase A, PKA) 7% it » PKA 7% it 7 ghfit  HSL 2273 %3 if % & 3

v (perilipin) > § HSL ##p& it ¥ #& = v A4 i

et
o
ik
-«a\w
_g w
‘z»
—T

* (translocation) I ¥ J§ i& {7 #q f# (Lafontan and Langin, 2009) ;
perilipin & *if ¥ felwte b jF £ G P R kd 0 B j LTy e fRfE
A fEimrz PO F eniE* o perilipin Bk 1 B € X 2 FRER G iR R HRAT
5, 4 (Brasaemle, 2007) > I $# ) perilipin } *4 % 39 (o/p hydrolase
domain containing protein 5; ABHDS)> ABHDS ¥ £ 'm?s B ¢ *3 f2f% %
ATGL % & A2 B T* T M iF 42 e » &KL w2 sl fEi 4
(Granneman et al., 2007) e MGL >t g3 moe f L ILE 25 » Flb 51
» * % 27§ % A4 (Lafontan and Langin, 2009) (B = ) °

B P S E NS CR LY WA E U R
pmie ¢ d FRsk i E A & A pER S 2 AR CoA v £ o b 3-8
i 7 R T 2 e R R R A N g 0
P s EL R-d PRl & F-v  (fatty acid binding protein) 4 & % 3w
LR jf(" v #-v¢ (albumin) % & - %ﬁé fREEL LR A
AEF v A4 i & (Wang et al., 2008) o T 3P fRiT* ¥ - A F-f3
@ s Y 2 B AR 0 FR X S d e ) i R

(aquaporin 7; AQP7) 2z 3 « jf'{ LA S i R R DY e gl

30



Atrial natriuretic

Stimulatory Inhibitory peptides receptors
Receptors Receptors Insulin

Adenylyl receptor

cyclase

PI13-K €= IRS-1
PKB/Akt

«— PDE-3B
cAMP CGMP. GTP
ATP K / ~

5-AMP 5’-GMP
@ Rie FABP4
\ / (P)(P) (FABP4

E — — [MGL] — 31y cero!
perilipin M — ‘R

Triacylglycerols

(Lafontan and Langin, 2009)
RN e R A P LR

Figure 6. Regulated mechanism of human adipocyte lipolysis.
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AL o ot TR B X (Wang et al, 2008; Robinson and
Newsholme, 1969) -

d b g ik dm e R fR 1T cni AR 1 Ao BT g s e R A0
BREA?P TR 2B E VIELFHBL LS S Hrgnlmie g faies
BB R ¢ 95 o P 52 IR 5 B
Wog g ta@ 2 (Hsu et al, 2003; Green et al., 2004; Juan et al.,
2005; Szkudelska et al., 2008; Li et al., 2008) - 7 7 3 Lo & & I
Flavourzyme -K % ISP # # 2 &~ 3~ & 39 -Kf2$ (Flavourzyme-
isolated soy protein hydrolysate; F-ISPH) £ H g% 4 4 & 5 L4
P fREN > T4 0 fRIEF fFas ] o AT 7 R0 3T3-L1 g% km
PSS LSt E R R TR Y ]
w1k F-ISPH thdoif 4 &5 o ¥ W Bg « St~ Mg Lrigdp
R A5 B Atk Bos s it B LR BRI R g ke ¥ Z e W iy
ATEH SRR FENBEESP B A ETH AR 5T

LA BRI fRE N o
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A

/> #r+ & §-v  (isolated soy protein, ISP) PP 5 #4R ¥ > H
L7 5 kv fr Flavourzyme® Type A FEp Novo Industry A/S
(Copenhagen, Denmark) °

(- ) F B4

#% 7% % (spiral-wound membrane) > 4~ + & *TiE  (molecular
weight cutoff, MWCO) 4 %] %30~ 10 ~ 1 kDa (kilo daltons) ‘¥ P p
Osmonics Inc. (Minnesota, USA) ; %~ J& % st (membrane reactor
system)Pi-f 1 L 4 B> 5 'L @ (Taipei, Taiwan) e

(=) BHk 4

48 K& 7 ¥ = Superdex™ peptide 10/300 GL_10x300mm F¥ g
GE Healthcare (Sweden) - ## & cytochrome C ~ aprotinin ~ gastrin I ~
glycine*3 ~ glycine ‘& Pp *+ Sigma(St. Louis, MO, USA) © F-v '
v %% AKTAprime plus B£p GE Healthcare (Sweden) ©

() @phtrE i

#o4p & 47 # 4L Develosil™ ODS-HG-5_4.6x250mm P& g

Nomura (Japan) - HP 1100 series quaternary pump ~ variable wavelength

detector P& p Waldbromm (Germany) °
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(z ) PEERF A 47

Ap B B K 47 B R Finnigan LTQ XL g Thermo Electron
(Massachusetts, USA).

() ‘e i
AR EE* 3T3-L1 s g% m% tkpp 8 51 28 B3 97
(Hsinchu, Taiwan) ; Dulbecco’s Modified Eagle Medium (DMEM-0) P
B Gibco (New York, USA) ;7?52 & 5 (Charcoal/Dextran treated fetal
bovine serum, Lot : 315734) Pt p Biological Industries (Kibbutz,
Isral) ; isobutyl-methylxanthine (IBMX) -~ dexamethasone (DEX) -~
insulin ~ potassium chloride ~ sodium chloride ~ sodium bicarbonate -
HEPES - nonidet P-40 substitute (NP-40) ~ ethylenediaminetetraacetic
acid (EDTA) % sodiun deoxycholate 35ptp Sigma (St. Louis, MO,
USA) potassium phosphate monobasic ~ sodium phosphate dibasic P p
*v Mallinckrodt Baker (NJ, USA) ¢ Tris-(hydroxymethyl)-aminomethane
PE p Bio-Rad (CA, USA) ; &= kst 1X71 pEp  Olympus (Japan) °
(7)) PomRREE-_BAIMATER T
#F A 2 GY 105 & TR 213 M p Randox (Antrim, United
Kingdom) °
(=) &9 FLEAH

BCA™ Protein Assay Kit p£p Pierce Biorechology (IL, USA) -
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= I
(=) Fokx3

AR BT = RHc T ER Y SR EF %K (CCD) o 53
Flavourzyme® Type A "k f2~ & 3§90 2 & W Pq R d-v RjEP 2 B g K
R o REAL (2009) W F RO fEA B v KRS 2 KFRIEE 5 X
Pk AR EA B 5 C F i pH 5.32-8.68 ~ F RIE R 33.2-66.8
°C ~ kfapFR 19.2-220.4 min > 4r#k = #557 o

(=) W rdps 2k kizs

fe il 2.5% (W/V) ISP » T4 » g5 - BAEZ 22X 0t 6] 5 1:100
(W/w of ISP) » @ Bk -5 T3 A ek fopH &~ F BIE R ILE
KFRPE R TORfR AT 2 R RS TR RORFEPRER N B AR
de# 15min € & % 5 0 A AP kRS AT 9,000 xg At 15 min

B b iR it 74 o 4598 “4@ ISP -k 24+ (ISP hydrolysate, ISPH) i¥ %

R R SBRACR - o 0 B Y 4 e A 3 £ *UE (molecular
weight cutoff ; MWCO) 2_jg¥ik B8 {7 % A o "KfF{s 2 dg.w ‘}"ﬁ‘?:’?
B gl FIFEE 1R A B RNk R §

SR ¥ T B SRR (permeate) s M E B RSO AT B v I F
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Ao TR REY CRETRRSKEF BAETBEL PR -

Table 2. The reaction parameters experiment range of five-level
-three-factor central composite rotatable experimental design.

Independent Coded level of variable

variable -1.68 -1 0 1 1.68
pH (X)) 5.32 6 7 8 8.68
reaction temperature ( X ) 33.2 40 50 60 66.8
(RT,°C)

hydrolysis time ( X3 ) 19.2 60 120 180 220.8
(HT, min )
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|
[

Permeate

Bl= ~%F Bk sbo

Figure 7. Membrane reactor system.
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e FFHE ZDF BN OREREAFI R LD VIO » £ 4
FRAF 2 43 kgt (diafiltration) & = {8 >t F B ~F £+
R R § % (retentate) ° F % %+ Chiang & 4 (2006) & iE
R AT pig e o poAA ROk RS e T ik 30 kDa
MWCO g "/ {6 » & 2 i 3§ 30 kDa MWCO -k f2 4§ %
30 kDa retentate ; 3% % #-if 4 30kDa g% 7 10k Da MWCO g "5 i
2oz i <3 10kDa vk 2t~ fL 5 10 kDaretentate ; # 10 kDa
Jaik 1 kDa MWCO g% /@ » 73]+ % 1 kDa ek 24 i &
1kDa retentate - -] >+ 1 kDa &vK s 7},6_; 1kDa permeate °
() &+ &4~ % &P

o

\\\?{.r

% Chiang % % (1999) I * & »xae iR 7 K& 47 & 5t
(High performance liquid chromatography; HPLC) 45 fiz Superdex ™

peptide 10/300GL "3 %8 & 47 ¢ A T A BREH A 8 " A P 4 F

Ik

AR RESERE SR £ RS TELSFE o RE
8+ 4070 cytochrome C (12,588 Da) ~ aprotinin (6,512 Da) ~
gastrin [ (2,080 Da) -~ glycine*3 (189 Da) % glycine (75 Da) o #% - 4p
% %73 025MNaCl =1 0.02 M phosphate buffer - pH 7.2 > i 0.5

mL/min Bk & 214nm kg Pl HLA P ELAF o
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() BHEITp A FERLS &
AF % L KimE 4 (2007) » #0825 R & R R A
4= > & * Superdex™ peptide 10/300GL & 41 » 12 F=v B4 1t K& {7 A
i o me gl g kR RS d 022 um iR s 0 BT
500 uL » & 12 30% ¢ % (acetonitrile) 2 # # 4p > A n i A
0.5 mL/min > @Rk & 5 280 nmerwx sk @ > #-E 5 sk g2 A e ik
Blcd o
(=) HApk 47 BB By B
SHKImE 4 (2007) * % G oo Mg G 1375 A 8
H® A4 i@ * Develosil™ ODS-HG-5 548 & 458 410 M B 2Tiv iR
19 % 15 & % (HP 1100 series) i& {74 3 it o 5 S flif § LR © 05
0.22 um JEWCEIR G > bt 20 L o BEAR L A BT ke o
BRAFETRER 0-20min p 5% #2232 T5% cEFEHARFE
# % 1.0mL/min &7 A& BRAE S 214nm > B-E 5 SkiE2
LB R B TR B TR g fREAME e BOBE E F ER
Develosil™ ODS-HG-5 #4p & 47 % L8 (7~ 3 > e &L & & &
0L #Hdgp 5 2 B3 okEe e BANFETER 0-15min p 10 %
23 40% EiFHRFME > E S 1.0 mL/min o #-% A PR L4

foB st s B - L o
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BAL e nE - R PR B - TR B R R
BRI P EFA A PREFREY v R RIPEITE TR
(liquid chromatograph tandem mass spectrometer; LC/MS/MS) :i& {7 5%
PRE B o R L AR KT RSB > T e
(electro-spray ionization; ESI) #-H g+ it > g+ it ¥ LR T & T vt
(mass per charge) (HZ B3 FHRY A2 A R FTRFE > S+ it
PEGEN BRIEA L AT B RLBlHET ERE Y Bl 5
Bl SRAEB2RY B BRI HRPF AP L AHE
IDETATR PRSI C e

() wmPe s %

AF T F 1118 3T3-L1 w0 %simie » 24 3 24 3% »
s &3t 1x10° @ - ® * $ 4 10% FBS ~ 1.6 g/L sodium
bicarbonate ~ 5.96 g/L HEPES 2. DMEM (DMEM-10, pH7.2) % £ %

% (culture medium; CM) > 2 %3 37°C~5%CO, 732 % 44 > & &

>

XL F- AR L3N %T Kim 84 (2006) 07 3E 0 F &
FEHACR N o3t KT G (post-confluence) {8 TG A it B 4p e
0% » B 4= 7 *HiRfda it 32 & it 3 &% (differentiation medium;

DM) 1 i8ag fm¥e o it > tHiRd 4 1 22 5 1.74 uM insulin ~ 0.86 mM
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DM CM within insulin CM

Control ! I I I
Day 0 2 8 11

| DM CM within insulin | CM within ISPH
Treatment I i I |
Day 0 2 8 11

B~ -~ 3T3-L1 73 5%,3m5é"1?,5€?#’f# °

Figure 8. Experimental design of 3T3-L1 adipocytes. DM is differentiation medium which three agents added to DMEM-10.
CM is culture medium. ISPH is ISP hydrolysates or fraction.
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DEX 4r 0.5 mM IBMX o34 i %2% {4 7 7 1.74 uM insulin ¢
BAR FEEE2X {# 77 insulin B 2RI 58X > 3 %X 4
v PBS (0.14 M NaCl » 5.36 mM KCI » 0.35 mM Na,HPO, > 0.44 mM
KH,PO, > 4.17 mM NaHCO; » pH7.2) iFitm® > £ { 4 7 7 ISPH
F & A 3 % 11X S ISPH Jf £ 2 0.22 um g il (7 18 i 16 HE 83
RAF o FINR Gk dirwrlmetp Z g - 7o
PBS Fikim? > L 4v » 200 uL < Lysis buffer (5 M NaCl» 1 M pHS8.0
Tris » 0.5 M EDTA > 20 % SDS » NP-40 > 6.03 mM Cy4H30NaO,) #-im
% LA > 14 13,000 xg ges 10min o B-H b F R R ) 2 i
oA TELRY TZE -

BBk E BB LR e A e Bl T 0 (A) B A
LEOX > me Al PR e (B) 2ANMEES R4 > d ET
Frimfe B AL 2 HCHFRTY ¢ A b S BT BN AL G P 0 dmde ¢ 0T 7 ey
i F 2 (B) &2 (C) Hieperdpz &g (C) 541 $8% 2 twie 7
B PR g R AR R s § 0 (B)o st e 8 & B % & Ntambi
and Kim (2000) #p & » & i 48 % 72 hr # FF3T3-L1 "girimre 2
A3 2873 PPARy ¥ C/EBPo B4rd o Hnm 2 =

ip B mRNA ~ 3= F &R > T Fikadmd = o
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B4 ~ 3T3-L1%g sz & 0% (A): %43 (B)Z 58 (O)z= » it
Al (e & Raksi i+ B 5 %x200) o
Figure 9. Differentiation profile of 3T3-L1 adipocytes with Day 0 (A),
Day 4 (B) and Day 8 (C) incubation time in light microscope
with X200 magnification.
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(1) = i A Rl

Faipdmie N Nz faH B falSd qfRis it B A2 R 2T
3 inre ¢k ’%ﬁ‘d PofER eS| TR o R o M7 %
* 3=y £HAIE 2 (GY105 0 Randox) Rl Z I %% 7 3 = f ik
BRep ZfERPITRILE R%RFH P 277 2 glycerol kinase #-32 %
¥ fhp = fgdg i 5 glycerol-3-phosphate »  glycerol-3-phosphate 4%
3 4 glycerol phosphate oxidase # i* i hydrogen peroxide ¥2
dihydroxyacetone phosphate ° hydrogen peroxide £ 22 35 & ¥
3,5-dichloro-2-hydroxybene sulphonic acid f- 4-aminophenazone % d
peroxidase & it A # ACSB (n-(4-antipyryl)-3-chloro-5-sulphonate
-p-benzoquinoeimine) (Bl+) > ACSB **/ A & 520 nm T F & < =%k
Eoa T AE TR ELBELF AT Z AR o R
TFNEB 30Ul e AR AR RS I mL R&RERRE
* 37°C T F R Sminc ST BIA K 520 nm ook i o F ] 4R
Brdkd MNwme %% ? p =2 fEfE%E (nmol/mL) -

(1) ZBH M T EHRP

AP ZfH W g 7 £ PIE 2 (TR213>Randox) Bl %

Y CEH W BB BRI RIS REREA Y T

fapx (Lipase) H#-lmie phasi ¥ chz fAH b g A f32 = 3 = §5 8 PF4R5,
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Glycerol kinase
Glycerol + ATP » Glycerol-3-phosphate + ADP

Glycerol phosphate

oxidase
Glycerol-3-phosphate + O, » H,O, + DAP

_ Peroxidase
2H,0, + DCHBS + 4-aminophenazone » ACSB

Bl ~p = iRl RIT -

Figure 10. The principle of glycerol assay. DAP is dihydroxyacetone-
phosphate. DCHBS is 3,5-dichloro-2-hydroxybene sulphonic
acid. ASCB is n-(4-antipyryl)-3-chloro-5-sulphonate-p-
benzoquinoeimine.

45



ipEE > 7 = B8 £ d glycerol kinase # it 5 glycerol-3-phosphate >
glycerol-3-phosphate 4 ¥ 4% glycerol phosphate oxidase # i %
dihydroxyacetone phosphate £ hydrogen peroxide » hydrogen peroxide
£ & E& ¢? 4-aminophenazone §? chlorophenol d peroxidase *
&4 = quinoneimine (Bl — ) > quinoneimine 74 & 500 nm T
oA ki Fptipl et E 2 Rk EARMP] N & dwie P 2 BEH W fy
AT EARNK o PV E P 10 pL shlmfe gl b R MR RS ]
mL #%5FFRLE > 4 37°C TFE R Smin SR 24 & 500 nm
TamkE o S REEELT N me A B B RATE
(umol/mL) o
(L-) 6 Faf A

~F % fl* BCA™ Protein Assay Kit @@ ¢ F-9 ik
BB F BREL 30 FakBRE™  ¢8REY - f43p+ R R
* - W IT4F3e+ o pt S & 5 bicinchoninic acid (BCA) ¢ & - 4~ =+
- WL EEEEF R AZ RS SR I ZRIBERESF R
L fik £ 562nm T xRk E o

Bl N A& well 4e »~ 10 pL # B B bovine serum
albumin (BSA) &% 5.1 2 ‘mie gl b 5}%;‘.’3‘2 3063L A Y o B o4 W4 »

200 uL 7 working solution (Reagent A : Reagent B=49 : 1) {¢353 &
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_ _ Lipases _
Triglyceride + H,O » Glycerol + Free fatty acid

Glycerol kinase
Glycerol + ATP » Glycerol-3-phosphate + ADP

Glycerol phosphate

oxidase
Glycerol-3-phosphate + O, » H,0, + DAP

Peroxidase
2H,0, + 4-aminophenazone + 4chlorophenol >

quinoneimine + HCI + 4H,0

Bl-Lt- sy &R RE

Figure 11. The principle of triglyceride assay. DAP is dihydroxyacetone-
phosphate.
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£ >3 37 °C T#skkr B 30 min > £ 8 * ELISA reader & &
562 nm ¥zP|HEE o @ A kR 2 BSA friEz B R 7wt
B himred ko FER (wyml)s i3 B wmez g2 mEagy
N TR ST

Sl I SR

FOEE &2 % 53t it i SAS (Statistical analysis system)
PR Y oW Eﬂ’ﬂv\ 17 (response surface regression; RSREG) =42 & i&
Fatr o U LT 5N (D)

Y = Pko + Zﬁ;«'x; + Zﬂkiixiz D Buxix; (1)
. i1 i1

i <j=2
YiF g pomlng  fu i — TS BEVE fuyi LR
T PEVIE Pu s - T BV x; 52 %8 H* Sigma
Plot (version: 10.0; Jandel Scientific, Erkrath, Germany ) ‘g Bl#x%8 > =
Y oh- BEF L VEF TS REEF BEDY 5 FEEF
Bz %o
FomBETER B mATELE SR a3 #td SAS ¢

Duncan’s multiple range test 4 47 & tk &2 FF e 8L B o
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N S N
AT E A FORY 5 OEIETE G UG f2E 20 F-ISPH #
B4 A x> Hq* iR ~ (membrane filtration) ~ "3 48 & 47
(gel chromatography) £ if4p & 47 (reverse-phase chromatography) i
B/ Bih it i Boid W fRE M2 00k T E T HIRARE 5| o
~ + F-ISPH #.if -k gk i2
22 5 I MK FS Y IR KR &R (CCD) > R
400 ppm -k fRde -t 4 R B BEst 3T3-L1 % in e B = FE R R
PR 25T > N~ B A B (star point) £ B #hEE (axial point) 2
F ook Zh4 3T3-L1 fpipimre cnp = i ff 3% & 4 * 339.27-352.79
nmol/mg protein » H ¢ FFK 5 B4 A 15+ 2 ¢ 8L (central point)
¥ 3T3-L1 *3ikkmiz chp = g2 R /%Y 357.59-362.68 nmol/mg
protein > o Pt F fLplE G A A EEARE RITY B RA P L LB
TR R A il SAS ¢ ek Jgd G v §F 4 17 (RSREG) > &
BH - RS RS i R e %8k (CV%) i o

A -

d e € Tilic 0935 HRR G 073 Ao XA FANEG B

2o

HERP T VREGERF BELERBELFTEM G- 0 R

ok

N B Hcs 7 (ANOVA) B %40k 7 #97 » = = % 78 ;% (total

model) ** F-test 2277 & 3 BF B (p<0.05) > %7 = #3558
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2=~ 3T3-Li1gwrlmiep 2 %B 27 FFA = 87 R EF %
w8 iy

Table 3. 5-level-3-factor central composite design and experimental data
of glycerol release in 3T3-L1 adipocytes.

Coded level of variable.

reaction pH RT (X3) HT ( X3) glycerol release
Treatment (X1) °C) (min) ( nmol/mg protein )
1 -1 -1 -1 352.26
2 -1 -1 1 340.56
3 -1 1 -1 344.06
4 -1 1 1 339.27
5 1 -1 -1 345.20
6 1 -1 1 352.79
7 1 1 -1 344.86
8 1 1 1 351.15
9 0 0 -1.68 346.98
10 0 0 1.68 350.52
11 0 -1.68 0 349.60
12 0 1.68 0 346.99
13 -1.68 0 0 344.09
14 1.68 0 0 343.23
15 0 0 0 362.68
16 0 0 0 358.55
17 0 0 0 358.14
18 0 0 0 361.93
19 0 0 0 357.59
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Table 4. Second-order model equations for the response surfaces fitted to the experimental data points, as a function of
glycerol release respectively, coefficient of determination (R”) and coefficient of variation (CV %). * Y = glycerol
release content, X; = reaction pH, X, = reaction temperature (°C), X; = hydrolysis time (min).

Model equations * R’ CV %

Y = 5543 + 68.35X; + 3.12X, — 0.24X5 — 5.67X;> — 0.04X,% — 0.0011X5% + 0.094X,X, + 0.0634X,X; 0.935 0.73
+0.0012X, X3 ' .
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23 ~RE3T3-L1fgiplmiep Z fe {2 A0 K28z % 2 #icr
7 e

Table 5. Analysis of variance for variables pertaining to the response of
glycerol release in 3T3-L1 adipocytes.

Source Degree of Sum of Means of  F-value Prob > F
freedom Squares Squares
Total model 9 844.056137 93.784015 14.38 0.0002
Linear 3 38.922158 12.974053 1.99 0.1862
Quadratic 3 687.752488  229.250830 34.69 <.0001
Cross product 3 126.381490  42.127163 6.46 0.0127
Total error 9 58.692639 6.521404
Lack of fit 5 36.694139 7.338828 1.33 0.4014
Pure error 4 21.998500 5.499625
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AP =R 3 RAPME B¢ X 02 =050 (quadratic) E AR
FEE (p<0.05) > @ % g % (cross product) 7~ % WA F L B
(P<0.05) * 2T FHRFANZ PRBEZTAL DR % B3 HFR
oz g gk o B AL (total error) A 47 ¢ o B X F A
g1 (lack of fit) & & F B (p>0.05) > o 7" ¥ Faept - X § 54
ROTERPFLARFRE O LFALARAR S kP F HRFL (pure
error) o ¢k s B BB AR AT (7)) BfFZ BF B EY

w2 AR ERPE S SRS RpH (X)) F BEA

(Xy) ~E kiapEr (X;) Howid 2 BE%Ey i EFPIERI

(p<0.05) » %71 & JepHE & & il B 0 $pE A AT 40y #E
J R R R E IR A R FE R A AR B fRrRAR S
kfRpE R AR fRE MRS R F BTG AT iy D
KRR T OEE R G W f2E % > Tsou ¥ 4 (2010) % 7 >
Flavourzyme 3§ % cFR 2 P T > H < & 3v K25 7 B 13 iy

FATZ B B R AVRET G € BB OIS E MoK RS 2 52

Ry s S S AN AR ALY - Rl e g
B E - A B (RL- 2B w) 0 fRL REEp 2B

B2 Wenhf o M- - 52 F%kf2 120min PF > & i pH & &
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Table 6. Analysis of glycerol release variance for joint test.

Factor Degree of freedom  Sum of Squares Prob > F
reaction pH ( X ) 4 580.312147 0.0001
reaction temperature ( X5 ) 4 250.475789 0.0026
(RT,°C)
hydrolysis time ( X3 ) 4 323.727730 0.0010
(HT, min )
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(majoad Sujowt i

B-+= -~

120 min -k fEPFRY T F RIE R 2 F 5 pH $3T3-L17% % m
NI L e A T U

Fig. 12. Effect of reaction temperature (RT) and reaction pH in 120 min
hydrolysis time (HT) on glycerol release in 3T3-L1 adipocytes.
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goroH 101094
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3

(mayo1d Su/joUIH )98

Blt= - 50°C F RiE R T KfEpF R &2 & i pH ¥H3T3-L17;% Mm%

FIpHEeE L B

Fig. 13. Effect of hydrolysis time (HT) and reaction pH at 50 °C reaction
temperature (RT) on glycerol release in 3T3-L1 adipocytes.
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(mojoad Fwjourd P

B2 ~FgpHE 7 T-RFFFEF BERFE3TI-L1gpmief =
RS RS AR

Fig. 14. Effect of hydrolysis time (HT) and reaction temperature (RT) at
reaction pH 7 on glycerol release in 3T3-L1 adipocytes.
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R R ¥ 3T3-L1 abrmiep = mEREORE 2% 57 F & pH
A 657525 BER 4550 °Cr EF AFA=2mE%E 3

S nF o pH B F R ARG E KRR HE 2 BRI 2

FE AR 02 0 T WU 2741 F-ISPH 2 A if o H a4 2 42

ke

EH AR Bl = A HIEAR 50 °C pF o F s pH 22K fRpF R 4
3T3-L1 fpipimPe o = fp {3 & 025> pH & 4% 7.0-7.5 & kjzpe
B %% 100-150 min £ % 53 7 =@ E % > KiEpRE A 43
100-150 min p - f| # F-ISPH 18 %5 f2 /% |4 P2 204 22 Tosu £
A (2010) -k jzpr A $HFi BATE FEG A0 AR o Bl w G F T
pH7 FrsF iR B & KiEpE 4 3T3-L1 e imie f = f3 2 & chil
W BT F R AR £ 40-50 °C 22K iR R A 100-150 min & F 3

ZpERE

712 ~ F R R S 48.8°C ek jzpFF 5 1249 min p¥ - H F-ISPH
H3T3-L1%ginkmie & 5 B~ o Z g > ¥ 359.93 nmol/mg
protein » PR P EIER R E L HVRIFEREF S A B2 2 AT

o Avdk = fron o B e % Bgon F-ISPH $3T3-L1%g %% 2.5 = fi%

i

B R

=¥

B g FEE S 359.92 nmol/mg protein > FF P iE T

oK

e 95% 5w ® O (340.48-379.36 nmol/mg) - Z ot ik PR BiF 1 0E 2

E
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Table 7. Results of verification tests for fitted model of lipolysis-
stimulating activity.

Response variables Glycerol release ( nmol/mg protein )
Predict value 359.93

Experimental value ( mean ) 359.92 + 18.53

Sample size 6

95% confidence interval (340.48, 379.36)

59



LW RIEE-§ RN EE TN R ST R
SRR o MR E g2 4 & FISPH > # ik B 17

TR A S AL AT S A 478 1 T FR

S ERYORfRFY 2 AR AT E A2 G FTERY
BOoHY A AFRREEN WiEREF CFRF RS X 2R SEL
FE BRI FES N A AT o FREEIL T RN
A L RLE A S e BRI B E T R I R R R
Adoo kFEy A B K B RS2 FISPH > ik B 1Y
30kDa ~ 10kDa ¥ 1kDaMWCO jg*%® 4 > @5 &2 43+ £ E R

B R el A 4 0 Sk dcis Aple fodiew 3 0 41 HPLC #2348

il
1

FHRE AT EATFA R LUREDE A 252k Rl T 5 F-ISPH
2HEWNREAFATEATR BEEATERAE L 12,588
6,512 ~ 2,126 ~ 189 ¢¥2 75 Da - F-ISPH A F & & # i & r/ & 3t
12,588 Da % i » /[ »% 12,588 Da 2z "+ x H EAp¥tin - » L 7w fE &k

2 1249min T X AFEF B A FIEIRAE O RENG B S g fRA

‘i
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e
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6512 189
12588 2080 78 Da

F-ISPH

F-ISPH
30 kDa retentate J

F-ISPH
10 kDa retentate

F-ISPH
1 kDa retentate

F-ISPH
1 kDa permeate

0 5 10 15 20 25 30 3 40 45 50 55 60

n

minutes

Bl+7 ~F-ISPH % 2+ £V RpE®" » THEEFTRE RRZZ A
FELTFTE o

Fig. 15. The molecular weight distribution for retentates and permeate
obtained from the fractionating F-ISPH with different molecular
weight cut-off (MWCO) membranes, F-ISPH was sequentially
filtered by a membrane module with 30kDa, 10kDa and 1kDa
retentate or permeate, respectively.
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MWCO gz gz £ %% 10 kDa MWCO g% 4 7 ¥ 10 kDa
retentac > A F £ A F R[4 12,588Da A0 F 3G LA RASA
¥ 6,512-12,588 Da > B {8 #-i i 10 kDa MWCO g "% 4 22 ik 1
1 kDa MWCO g% ~ » 2 % § /% (1 kDa retentate) A + & H0 e 3
2,126-12,588 Da > » B& T |3 2,126 Da P B B A sk BN R
BELFEHBEEFTFF2EEY M3y 2 941-1,249 Da > £ 57
1 kDa retentate # f 3 4vip 7 T #ic > {2 A ek > @ gk
(1 kDa permeate) ~ + & & #F P+ 5]t 2/126 Da o d 2 F 2% F
o F-ISPH §iE- (7% A & pEw P VA8 ® A
A FEA T RE RR (SR e 5N kR R
P A A

Bl = 5 400 ppm F-ISPH 8 H jh% % A 4 % 3T3-L1 %355 m
e Z IR R AR A e = B 314.39 nmol/mg
protein ° 7y #¢ F-ISPH # By g s e = pR i 363.13
nmol/mg protein (p<0.05) > FHiFg " F & 16 NFEFT R E g 0 10kDa
retentate ~ 1 kDaretentate ¥ 1 kDa permeate 32+ 2 ¥ #& =2 5 = i3
T > v b 30 kDa retentate 22 ¥4 e m kg F A R o H ¢ =
v 1 kDaretentate & 7 &% 5 = & 378.19 nmol/mg protein >

e ki3t~ 478+ F-ISPH -~ 1 kDaretentate £ 1 kDa permeate 2. fF
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Glycerol release (nmol/mg protein)

B+ =

Fig. 16.

- ab

HH

T s

iz ©

Control F-ISPH 30kDa 10kDa 1kD: 1kD:
retentate retentate retentate permeate

&
[

~ 400ppm F-ISPH % H i %% & = 4+ 3T3-L1 #3 %=4m % 5 = %
Bag 2 B g

Effect of 400ppm F-ISPH and its membrane fractions on glycerol
release in 3T3-L1 adipocytes. F-ISPH was sequentially filtered
by a membrane module with 30kDa, 10kDa and 1kDa retentate
or permeate, respectively. Bars represent means+SD, n=3. Means
with different letters are significant different (p<0.05) by
Duncan’s multiple range test.
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T REEELR B - 5 400 ppm F-ISPH £ H )m %% & 4 %+ 3T3-L1
PR = faH b g B 0B - 154 400 ppm F-ISPH U2 18 e

YA A T E 242 umol/mg protein A F M AT 4] e 3.08

ok

umol/mg protein (p<0.05) » g% & 4 ¢ & FF iR &gk 17 A
MY WA T &2 ? ~ | kDaretentate & 3 B X = a4 o
fia 7% ¥ £ 2.16 umol/mg protein > ¥ % ¥ it X F 4 1 F-ISPH
(p<0.05) - 1kDapermeate ¥= f&+ i figzx ¥ £ 2.29 umol/mg protein

Bt TEARE > L AR AHFISPH AJL RN FLE - LWL A

&

SRS 2 %R AT A D F-ISPH S5 d R A AT |
kDaretentate ¥ { #r3& 2 "nipme p g p2mExEd R
A 15% HiAie s 20% o ARE I BY B iaAR T £ d RAE
21 % 5 5 30 % o {8 #-12 1 kDa retentate & 7R R A 0 47
W B IR P fRE R B o
(=) BH%E~s

F-ISPH i% B /g% & (8“7 g™ % ~ 4= 11 1 kDa retentate £
B s A3 E4F 8% 7 o304 5 1,000-10,000 Da £
5§ [t 1,000 Da MEPR VB 5 A A RIS RE BRI R B AT
FrURR R AT - b A SRR R BLR B BRI R o B

~ % 1kDaretentate 5o 48 ¥ 4% A {52 K 47 BIsH 0 RS jTL
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TG residue (umol/mg protein)

Eg]._l_; ~

Fig.
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iz ®

Control F-ISPH 30kDa 10kDa 1kD 1kD
retentate retentate retentate permeate

S
S

400ppm F-ISPH 2 # %% & 4~ 4F 3T3-L1 *q%skm% @ = ik
Hue AT E2ZRE-

. Effect of 400ppm F-ISPH and its membrane fractions on

triglyceride residue in 3T3-L1 adipocytes. F-ISPH was
sequentially filtered by a membrane module with 30kDa,
10kDa and 1kDa retentate or permeate, respectively. Bars
represent means+SD, n=3. Means with different letters are
significant different (»<0.05) by Duncan’s multiple range test.
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Bl ~ ~ F-ISPH 1kDa retentate "} 48 # 4L % » Bl3# -

Fig. 18. Gel filtration chromatography of F-ISPH 1kDa retentate obtained
from ultrafiltration.
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BASRERRA S BRE fE AT BEEEHE T A S EEA

4y

£ <% 6,512 Da (gel filtrate 1; GF1) ~ 4 ** 2,080-6,512 Da (gel
filtrate 2; GF2) ~ /i >+ 189-2,080 Da (gel filtrate 3; GF3) 12 % |- »* 189
Da (gel filtrate 4; GF4) th% 4 5 > #w B 5% A F Bz B s p 2 8 5y
Vv ¢ R TE I o

#l-- 4 %} *c 400 ppm F-ISPH ~ 1 kDa retentate £ # %48 % 4
BB 3T3-L1 *g%nimie 3 = [ %€ e - | kDaretentate i i
BRI R AT 0 B %A P GF2 & GF4 #p =g gapdle
RISGEHELR > A RA PR GFl ¥ GF3 p#EY 4 e v i E R
An g Eardl e A#E g 314.79 nmol/mg protein 4 %]
# 2 3 41523 nmol/mg protein ¥ 487.73 nmol/mg protein > H ¢
GF1 4v% » w en 1kDa retentate 2. FF H 5 = fE f2c & ‘A3t 2 47 18
mAFAL R > v GF3 P& ¥ 3> 1kDa retentate (p<0.05) - Bl= -+
& 4 400 ppm F-ISPH ~ 1 kDa retentate £ H %348 % &~ = £ 3
3T3-L1 "y 5sim = fed i fa A F R hB B o dpdst it » & A 2
B GF1-GF2~GF3{-rGF4 v vl ¥ Mwiz® —RBRY M IR T E
e GF2 & GF4hz= a4 s § £ A % » 7 | kDa retentate +*
3oy g RFLRE GF3 L3 B mM=@E4dfia g E 1.95 umol/mg
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3189 Da 0 GF4 > 32a 2 BFRAG2BE%E > L iH e
P = FeH g T B AP AR aded] (p<0.05) 0 it GF2 {r GF4
rqiiﬁ)i% T E R REEIS HZ > &3 F 426,512 Da 9 GF1
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FEpEfiscg o a 1400 ppm G L2 F = AR P EY R0
0.5 ppm 2 #E (p<0.05) 4 HE L 2 ppm 2 G Bt [ = 1
gV HA 61 % I 512.9 nmol/mg protein > fzéi’;‘?]t ‘v 4 ppm PF
P = % & 507.06 nmol/mg protein 4p % #%iT - Bl= - - 5 GF3
e se AR 3T3-L1 Py ie Z 4 W Ao ¥ B LB« foip

ot o i e 0.5-400 ppm BT AT 07 ke ¢ 2 b fa A T
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Fig. 21. Effects of GF3 dosages on glycerol release in 3T3-L1 adipocytes.
Bars represent means+SD, n=3. Means with different letters are
significant different (»<0.05) by Duncan’s multiple range test.
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BR- - S%apd GF3 e M E & 0.5ppm 14 3T3-L1 #5 77
R ZmERE T EEFORE S U 2ppm & 4ppm & 5 &
P P 2Ry WA T E 4 %€ 3.11 umol/mg protein &
v % 1.77 umol/mg protein ¥ 1.69 umol/mg protein - %Lt A 7.2 %
Mmoo BSR4 2 ppm & 4 ppm HEMAHMRATEL AN FL
Bty dppm ¥ E P B M BEH BT E 0 Flt A GEF3
B AR 5 4 ppm T ik U fREN 0 SR R RIE AR
TR EAPAEE o B (2B GF3 Migpki72 2 4 8 - F 14
P o
(=) APk 47
BT M2 RE L GF3 £ RS fRE M A3
£ 4 # 43t 189-2,080Da - LR RORAFRRE 201K B
LAY R RESRAR DL R £ 3 ARl Fpt A By
GF3 ¢ 2idix P Eefmit Z & > J1% @Ap K472 4 4 & Boere®
B imre iV G aE IR RS B IR HORAER 5 o Bl=
+= 5% GF3 gd Gpk+r g s B2 BH J Bl REAL

» i % L0 4 W i HPLC filtrate 1 (HF1) ~ HPLC filtrate 2 (HF2) -~
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PofpEfxgtd A#f# %% 317.15 nmol/mg protein &= 83 % %
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Bz GF3 (p<0.05) ; p 2%+ F Rtz EHd e @mATE (-
T)> HFAfeirdliefpit 2T > tme e b iR T 23 ¥ T %
(<0.05) > o A ##AFE 3.12 umol/mg protein > 52 % I 1.5
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d A G EPT R RBEET < 0 SRR 2 HF4 2.3 5
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AR B B R LR R R R o Bl S SR
4 ppm 1 HF4 & g5 4p k& 474 0% B3 3T3-L1 " %%m% 3 = fi%
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