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Abstract

The aim of this research was to explore the lipolytic activity of
isolated soy protein (ISP) hydrolysates using 3T3-L1 adipocytes. Both
extracellular glycerol release concentration (GRC) and intracellular
triglyceride residual (TR) were employed as markers for lipolysis in cells.
The higher the glycerol release as well as the lower the triglyceride
residual represents the better lipolytic activity. ISP was hydrolyzed with
Flavourzyme and Neutrase for 2 h and 4 h to obtain the hydrolysate FH2h
and NH4h, respectively. Both FH2h and NH4h showed significant
(p<0.05) increase of GRC and decrease of TR in adipocytes at 400-1600
ppm Levels. To enhance their lipolytic activity, the hydrolysates were
further fractionated by several membranes with molecular weight cut-off
(MWCO) of 300-30,000 Da. The FH2h 1 kDa concentrate obtained from
the treatment of FH2h using 1,000 Da MWCO membrane could
significantly (p<0.05) increase its GRC from 84.19 to 116.33 nmol/ml
and decrease its TR from 3.08 to 2.21 umol/mg protein at 50 ppm levels.
According to cell viability assay, FH2h 1 kDa concentrate did not show
any toxicity at 400-1600 ppm levels. The in vitro effect of gastrointestinal

proteases on lipolytic activity of FH2h 1 kDa concentrate was also
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investigated, the results suggested that gastrointestinal proteases have
very little effect on the lipolytic activity of the concentrate. Base on the
western immunoblot analysis and immunostaining, FH2h 1 kDa
concentrate promotes lipolysis by increasing the phosphorylation of
hormone-sensitive lipase (HSL) and its translocation in 3T3-L1

adipocytes.
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A DA N B SRR E LD BT P R
8 { 4c 71§t (Toth and Tchernof, 2000) « # v £= % 745 &1 > & p & g2
o iR B A e B AE  ASRAT T 100 % € At o e A i 4 g AR

B 4 R E L e 4e @ 3R BrT 'R (Gregoire et al., 1998) 5 ‘w# fRid F A
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R P2 (tumor cell) & ¥ F lw e 5B % dm e fe & h3 i
(immortalized)w? » F]EEFFRGILE FIL > ¥ 5 5 L R G B4
g & o W R vk an i Hh T A (N F R R AR AR b R AR Y R e
dnFe o DT R RJIL YV HEE A L g me ¥ % A7 "q %5 (Gregoire
etal., 1998) » fe PgipimPe ke £ A SR BET 4 3R AFY

L

B AR ime LW B G 0 F 0 3T3-L1 5 5 s e HRiE

=N

T 2Rt B s i o

(=) 3T3-L1 # *gi5mPe $&

VT P> i o 3F S w g mie 4 PeiE 1k (Rosen et al,
2000) > &4-:3T3-L1 (Green and Kehinde, 1974) ~ 3T3-F442 A (Green and
Kehinde, 1976) ~ TA1 (Chapman et al., 1984) ~ OB17 (Negrel et al.,
1978) ~ 1246 (Darmon et al.,1981) ~ ST13 (Hiragun et al., 1980)£? PFC6
(Ailhaud, 1982) o 3T3-L1 # Pg %5 fm e §_j¥ & B> R ip hme @ > &

BENE 4 EFA RN A n3TI A e B H A A M E G A

= "ghRimre gy 4 W Pp ik w2 $k (Green and Kehinde, 1974) - &
3T3-L1 # Pq %5 im% 32 & A2 B I > mie 30 4 ~ 8 4 apd fLpF >

fn¥e A fi € KL F ¥ B ehat £ (cytoplasmic prolongation) @ % £ w
E

£ o thAl R aR e dp i (O'Shea Aluarez, 1991) © %% 5 R by i #e ¢

(primary cell) » 3T3-L1 fm®% £_p 5 & § * k25 *qiplmie 5 B &2 0%
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 Frenmiz gk2. —  (Gregoire et al., 1998) -
(=) %5 95 me cha it

FFE3T3-L1 & g 9 fm ¥ A 1 5 B 3EAE I P 3% iy 9 hlm e o 3
e A M ERIRGE R T A AP AT A R ety A £
s i bR A ib R R # 45 dexamethasone (DEX) -~
3-methyl-1-isobutylxanthine (IBMX)£2 %% & 2 (insulin)¥ 3% £ 2 & i
(Rubin et al., 1978) - DEX % glucocorticoid agonist * £ glucocorticoid
receptor B & fs ¥ iF it e ) i 4x %] 3 CEBP (CCAAT/enhancer
-binding protein)/p & 1% > 2 & tm¥e & it (Shugart and Umek, 1997) ;
IBMX & % it 58 pe = fia ¥ (phosphodiesterase)dr#|#| » ¥ #%& § tm*
M CAMP E R > i@ iR F; 95w A {4 (Hauner, 1990) ; ¥ § % # g2
% 5 %2 4 £ X4 (insulin-like growth factor-1 receptor) i * » i&m 5 it
P B 3% 45 7] IR dm#e & 1 (Ntambi and Kim, 2000)% = &4 i fy
& = (Smith et al., 1998) o i Py ¥slmPe Ao it 5 P iplmie pF 5 € A

£ % b 8 (growth arrest) ~ F Hpens it A F| LT~ o b REE oL B

(ED

LIRS P ART2 (adipogenesis) (Gregoire et al., 1998) o
1. 2 & iz, 3y
fmie R A EARY € A UThA W0 B P I AR A A 2 Pl e A

113 % (contact inhibition) (Green and Kehinde, 1974) - pt B ‘m %2 ¥ Hp

13



¢ BF > GO/GL > dmre B b AF W e B BHE N LT FFE WP A
Flengg 4% T * B 45i8 7 (Dani et al., 1990)
2. B Heans i AFEA R

P vk km e il A it E&] (DEX ~ IBMX £ insulin)ig s 1 ho
c-fos ~ c-jun ~ junB ~ c-myc ~ C/EBPB 12 2 C/EBPS % #4773 B 4 %
I (Cornelius et al., 1994) - H ¢ c-fos ~ c-jun ~ junB ~ c-myc & 5 ‘w7
S o BB eg o N E A V{8 2-6h iz 230 DEX 2 IBMX 4 5
# % C/EBPB 2 C/EBPS > }* 7 & @4 F]F chi AL I 5 -2 V7
m A E A b d o A ERAEL AR T2h P F AR AR
=R P fRenf¥ % o C/EBPP &2 C/EBPS #-¢ M4 %~ 57+
PPAR(peroxisome proliferators activated receptor)y £2 C/EBPa 7% IR
(Cornelius et al., 1994; Ntambi and Kim, 2000) (f&] - ) °
3. A v kPR A O

% PPARy £2 C/EBPa kx#: 15 » C/EBPB 2 C/EBPS )’r‘og E R 33
AL g5 mre s PPARy 22 C/EBPo 35 0 & LB 403 70 plw
P enfF R AT M Emie g 4 VI R TRER BN LT R
(Wier and Scott, 1986) o p* & fm %2 5% § % chaq g 2 4e 0 37 5 P T £
~ AP B A% F O mRNA ~ F-d 00 R B R R ARE R A o o R

ATP % f#f= (ATP citrate lyase) ~ # * & f* (malic enzyme) ~ ¢ fis#if fi

14



very early garly L intermediate 1 late
| ]
| I 1 |

OMNA
replication
ceall
division

qrowth
arrest
Gp

c-myc

fat draplet
farmaticn

LPL e -
7 adipocyte-specific
gena axprassion

confluence MEX commitment
DEX
insulin

(Ntambi and Kim, 2000)
Bl— ~3T3-L1 = "g %5 mPe & i 1§42 o

Figure 1.Progression of 3T3-L1 preadipocyte differentiation.
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A #g it f=  (acetyl-CoA carboxylase) ~ H 4 -3- %% s fie 28 # 4 fis
(glycerol-3-phosphate acyltransferase) ~ + & -3- g f& 2 3 f=
(glycerol-3-phosphsate dehydrogenase, GPDH) ~ *3 "% & & = f= (Fatty
acid synthase) ~ 4 & fE-3-mfk 34 2 fp* (glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) (Paulauskis and Sul, 1988 ; Weiner et al.,
1991) o *t it REP 7R & & 2 L RFFRZ AP » & iR & F-v

(adipose fatty acid binding protein, A-FABP) (Bernloiir et al., 1984) ~ #g
740 B 30 (lipid droplet-associated protein, ADRP) ~ 5% % & F-v

perilipin (Greenberg et al., 1993) ~ leptin (MacDougald et al., 1995)%

HSL (Rosen and Spiegelman, 2000) » f 4 f* end {8 - A i f & 25 0248
A e T R Bt > € “gﬁf% fnre F 2R e o T ee g A B
[fl > I ¥ % actin ~ tublin /& > £ collagen 3 4c {5 B 4o 5 5 R i q H i

# st (Prins and O'Rahhlly, 1997) -

N L

¢ h it Rehig iRimie €GB (7R et & iF % (lipogensis) ¥ g
Fenajaie® (lipolysis) » #a A3 AR R T 0 A B ehT i o
(=) mfé=

4 RPN R S i B Mg AR N REF T ’97'93&\?7%‘2 ¢t SRR

AT T T LB TR hodt 8 0

16



Btk i B e B o 4 S B SR Y 0 AR A 4
€% ¢h3 & X (Hanson and Ballard, 1967) < #g#»m% ¢ 1 & ™ = &
+ @ fig (triglyceride, TG) ¥ & #g B et 37538 « Z 4 @ figd - &4 F
R ZREZ A AT o R o g ipimte ¢ gk L ks
(glycerol kinase, GyK) (Reshef et al., 2003) > &2 & &I * p = i} & =
= FaH b fia s FIO e e e OB AR TR Y A P — Z SO AR
(dihydroxyacetone phosphate, DHAP) & o 547 > %5 H b -3-Ekfa 3 &
f= (glycerol-3-phosphate dehydrogenase, GPDH) 4| * NADH ##DHAP
B R @ FH W -3-gF (glycerol-3-phosphate, G3P) » + o -3-Fifs £
& 82 3R FE L -CoA (acyl-CoA) T % &t 3 B 53 g WA = = faH
/ g (Steinberg et al., 1961 ; Kozak and Jensen, 1974) -
(=) i fa

P AL fRIEY LB B vk fREAR S K2 BRYF B =
* oot sd Z AR E TRLT D Z pe Y W fig fq B A f2PF (Adipose
triglyceride lipase, ATGL) ~ & f % &t g & %q F & & =
(Hormone-sensitive lipase, HSL) & ¥ p& 4 # fg "5 F 4 f& f*
(monoglyceride lipase, MGL) > *t gt = faf% Z ik K 7% 2.7 #-= foH Jd
fn%~ f%2 57 = B8 (glycerol)£s *3¥%p4 (fatty acids, FAs) (Arner, 2005) ©

% & ATGL 2 HSL#=# A 2= fia| b fig 3) % a4  fia (diglycerides)

17



Se'q ik pe o HSL ~ $ o g (7% 22 @43
(monoglycerides)¥ #q #5p% » # s MGL #-H e W g & f2 =7 = i3 &8
B VAL o

PR kmie VO Z B W fig A 3 0 R N s A fRfE ~ e it
B~ P ARG Bod B AR M I Ao T e dotg et o2 g
F# B3 AF - B9 perilipin (Blanchette-Mackie et al., 1995 ;
Greenberg et al., 1991)c & B perilipin ¥ [E78 g 35 4 f2fi= & f2im%e ¥
M jF (Brasaemle et al., 2000)> % ‘n?# p 17 cCAMP & #E 4 30 B pcpr A
(protein kinase A, PKA)=% F|iE it {5 > ¢ ¢ perilipin & HSL cgifs it
£% o gips it 2 perilipin € % 3 W F e i > R 2 HSL B
i (translocation)® % 2 perilipin 3 b jF F T8 {7 = a4 W fig 0
4 f# (Clifford et al.,2000 ; Sztalryd et al., 2003) > *3f2{s* 2 4 2. § =
i i fgimimimd 2 R Al > Flpt g g ’3”];“‘ A ZT TR

Fo i e o) ® s dodERE s TORE 0 (RARS BA AT R S ATP

e
fim
=R
o

VEHERATA 22 L % 5 4 (Robinson and Newsholme, 1969 ;
Wang et al., 2008) °

PR A R TE R SR 3 HPEAERS L T Gt e 8 ik Rk CoA
& 2 f# (acyl-CoA synthase)f =t L1 #& % 2 Ap ik -CoA» &2 4 b -3-FifL

Bt 2 5 E A R F N i s
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GAfn L ¢ o @0 Foo (albumin)i £ BEEIH E g
2

4 ¢ £ (Robinson and Newsholme, 1969 ; Wang et al.,

WP fRRF AR Y 0 B2 2R HSL B 4 f2= paH b fig e e o
g it R S R b g A R IR B F 02 e i it
10 & = + (Fredrikson et al., 1981) o =» )*I&%’.\;L » ATGL 5 2874 & +
o= FH W fgens fR2iTr > 5 mre P o Rz faH W g b 4R
Koo PRI R M a7 S LY b g 4 R0 HSL A fR ALY b fa o
F# % ATGL eh2 mE R § M ppl e[ = B %
(Zimmermann et al., 2004) - 5 < L]{L:}ﬁ v A& Reng d giaie ]%‘w ¢og
£3 5 afRps 0 £ ATGL # HSL jh f § #-45 95%2= it i fia ¢10%;
f& 1= * (Schweiger et al., 2006) » MGL Rl # > & & #7314 2 541
ARG B FRE Y F £ ATGL &2 HSL 3% F4 R &2 5 1

Fo o BT A B Rev K RS R i R TR 0 i i

S A R 4§
(=) 7R § AR 17 f2E5 (HSL)

A% #p HSL )I* ARG ALY 4 Tpipm s Rk £ & oD

Q

f%% (Hollenberg et al 1961 ; Stralfors et al., 1984) - HSL “’T‘ 7oK fEZ pE

H 0 fig 7t 0 » FORFEEF AR Ay (cholesteryl ester) ~ B4 & A FRAR % Py
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(retinyl ester)~ #f Ff% fig (steroid ester)£? p-#l L fig (p-nitrophenyl ester)
(Holm, 2003) - % 78§ 2k ¢ & M HSL ' 7% m ¥ st ¢ 0 3T3-F442A
Faipimie ¥ B E A ILHSL € @ e @02 R f = fAH W fig (Sztalryd et
al., 1995) 5 ¥ ¢k > HSL # F1§1% | 84 fteny v imme 2§ ¢ o 6219 5

A AR 5 E R E AT ety R T ki B 0BT gk
#] (Wang et al., 2001) - HSL ¥ % % féjm & 5 5 (4 » 4082 & s 087

L, H%ﬁt % (ACTH)2 2 #% (glucagon)'s ¥ & it HSL i#:&%;
f&it* (Vaughan et al., 1964) - E AFRIE 5 > i 52w 45+

1 B-F 5%—,% SHEL s Lxd mrep A G 9 (guanine
nucleotide-binding regulatory proteins, G protein)i& it ’;ﬁ'\ﬁ‘ [irEs Ly
(adentlate cyclase) » = 1+ {4 mﬂﬁ{ﬁ' fatk it fe P BL1© ATP 2 2 cAMP >

itz ® cAMP )k B &2 0 85 1 PKA» PKA &% it ¥ i@ HSL %
e it 3 1179 %50 jF % w # # (translocation) (Holm, 2003 ; Clifford et al.,
2000) o AR F 0 G F B B R Dl AL fReR 4 0 5l E
it Bif& = fig f*r 3B (Phosphodiesterase 3B):&— ¥ *% i 'm? f cAMP i
)k & (Shakur et al., 2001) » :& @ $r4] HSL srgifd i« 5% > ¥8 (€7 f2 (%
® e o iE 7 cAMP/PKA 3 B = b > MAPK/ERK B /3 7 ¥ i
fe f HSL » 7 40 MAPK sifrd |l § i3 % 7 i 5 =7 Tl jfeeng f2 167

> %) 30 % (Greenberg et al., 2001) “,/Tt TREF AN FE N
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(94 7K gy % 1Y HSL v 4 natriuretic peptide ¥ i%5:iF & - e f e £
v snimre ¥ PKG (protein kinase G) > i&@ @ HSL Agips (v
(Sengenes et al., 2003) (Bl = ) °

Z ) ZFH Mgt fEpF (ATGL)

ATGL 2 7 # & 41 # & —‘F"f & L enPy f& fF > Zimmermann % A
(2004)3% 91 ATGL 5 7 % 4m % ¥ = feH i fig A j% chbd 4% 1275 « HSL
£ 75 ",/TT (HSL-knock out)s] & ¢ » = B4 i fig 7 € 484 f2 > i3
XY g e A 0 4 R R AT 4R kA (22 4 L HSLen(T @
¢ i@ 3 ILATGL (Zimmermann et al ., 2004) - ATGL7 ¥ 75 a3t
VRhmie 0 4 33 s i timfe (Haemmerle et al, 2006) ~ % [%)] 4% fa F feov
(Jacken et al, 2008) ~ & & ‘e 5 ~ E el iw?e ~ 958 5 (Reid et al, 2008)
r 2 B g ] enim?e (Smirnova et al, 2006) © 4p 3 2 is 2 5 ATGL
migiRE Y 5 G LA RE o pmie s PR HATGLA R
¥ ¢ & % o4k 2 (Zimmermann et al, 2004; Villena et al, 2004; Kershaw
et al, 2006; Kim et al, 20006) o % #g ¥ m ¥ ¥ IATGL#: » f2& = B4 ¥ fig
A4 B b fig SRR R B I PR 0 i (T eiE 1R 0 B
o b fig #T10% 8 o7 e ATGLY = ot b fin & B B A jB 17
4ok Fr 7 ATGLE R € B Frdliwiz ¢ g f2 1T # (Zimmermann

et al., 2004; Smirnova et al., 2006) o #* ¢t » ATGLE F &%, fix £2 fil Ak #&
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FFA glycerol

Matriuretic peptide

5
receptor A :

Aquaporin 7

Insulin 5
i aLer-Fa
AMPK L ]
;- (Y
cGMP \
. HSL
PKG -

FEE =+ PDE-IB L '_'_

Ipotransin

\c:%_____. PKA J

Byz-AR

i;-AR, A1 receptor, HM744, EP3
receptor, Y1 receptor

(Langin, 2006)

Bl= ~ Adgrgiplmie P g fRiv % A s o

Figure 2.Control of Human adipocyte lipolysis.
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B R e TR e FR S AL K R4
w1+ (Jenkins et al, 2004) -

ATGL ##ri841a%7 3 7 > Lass % 4 (2006)#% 11 - F5 14 F-v
(coactivators) - o/ hydrolase domain 288 containing protein 5, ABHDS ;
» AL % comparative gene 289 identification-58 (CGI-58) ¢ 1 ATGL
gt ot CGI-58 73 ™ » < Ben ATGL # < 20 & v b dh > 4
A ATGL & % e CGI-58 7 ™ » ¢ 32 B K375 8 gt (Lasset
al, 2006) o gt iE v T A HB RF IR F3F S 0T A0 F L 0 TG
AfEEE o ey Feu A fEPE SO G AN B § A R
(apolipoprotein-CII £ co-lipase)’ #2 @ CGI-58 %+ ATGL e £z 4718
#1324 i3 AP B (Zimmermann et al., 2009) -

e 4o sy BB ARG S IR R R A S A R
by m/?]‘ bo ¥t IRE P ¥k fm P P f2 15 % 02 2% (Harmon and Harp,
2001 5 Juan et al., 2004 ; Park et al., 2004 ; He et al., 2006 ; Kovsan et al.,
2007 ; Szkudelska et al., 2008 ; Lee et al., 2008) o X @ < & F-v KfEir
TS G e gRAp Y G L Bl AR L 1Y 3T3-LL ¥ sl e
ek p 2 iR bR A B 2 B KRR e o it
WP P AT PR X mre Ptz W g T OB (T - o

ROEF R R MR RNZ B A RATE TR
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e BT chz b fa AR AL A RS Z PR PR L 3 R E] e
CAUREAA TR X T i i ER R N R

AR SRR R R R e R BRSPS e r R TE Y 2

P T A hEE % B 0 KRS B R e P R T G ) o
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B Hag o

NI
A 3t~ 2 3-v  (Isolated soy protein, ISP) Fp & #4132
N F v fE FlavourzymeRType A # Neutrase #-p Novo Industry A/S

(Copenhagen, Denmark) °

Leu-Gly ~ o-phthaldialdehyde (OPA) ~ sodium dodecyl sulphate (SDS)
Ftp Sigma (St. Louis, MO, USA) ; B-mercaptoethanol ~ Trichloroacetic
acid (TCA)Mp Merck (Darmstadt, Germany) ; Sodium tetraborate P p
fosk % & 1 ¥4k € 4k (Osaka, Japan) ; Boric acid B p Panreac
Quimca Sa (Barcelona, Spain); ij’ it 42 p S5 P RERFF Lo
(Taipet, Taiwan) °

OPA i3 i el

Solution A : 3.184 g sodium tetraborate ;3 >+ 3 &+ -k ¢ ¥ 2§ 1
100 mL

Solution B : 20 g sodium dodecyl sulphate (SDS)1Z 4 &+ -k T & 1
100 mL

Solution C : 20 mg OPA # %% ** 0.5mL ¥ fig »

Solution D : 50 pL B-mercaptoethanol

OPA /% % &= : 12.5mL Solution A+ 1.25 mL Solution B + Solution
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C-+Solution D & I 25mL I £ 53tz & 5g@ o
(=) "F k5L

2.

# V% (Polyethersulfone spiral-wound membrane) » 4 &+ & *TiE
(molecular weight cutoff, MWCO)4 %] %= 30 ~ 10 ~ 1 kDa (kilo daltons)
#2300 Da ‘¢ B p Osmonics Inc. (Minnesota, USA) ; %k & & 5t
(Membrane reactor system)p p i 2L 4 = Fo ik i> 5 Lo 7 (Taipel,
Taiwan) °

(Z) wer i

*F BT 3T3-L1 i Pg ¥klme tRpEp & -1 EFT 5 47

(Hsinchu, Taiwan) ; #3# i j (Charcoal/Dextran treated fetal bovine
serum, Lot : 015428)pE p Biological Industries (Kibbutz, Isral) ;
Dulbecco’s Modified Eagle Medium (DMEM-0)p:p Gibco (New York,
USA) ; Gentamicin sulfate ~ dexamethasone (DEX) ~ acetic acid ~
isobutyl-methylxanthine (IBMX) ~ D-(+)-glucose ~ dimethyl sulphoxide ~
insulin ~ ethylenediaminetetraacetic acid ~ potassium chloride ~ potassium
phosphate monobasic ~ sodium bicarbonate ~ sodium phosphate ~ HEPES
35 p Sigma (St. Louis, MO, USA) -

(z ) Oil-red O % ¢

2 | Oil-red O ~ Isopropanol ¥ 37 % formaldehyde F#£ p Sigma (St.
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Louis, MO, USA) -
(I) p=mfE B ey iams 2Rl
A 2 GY 1052 TR 213 P p Randox (Antrim, United Kingdom)e
(=) 9 FREAI
BCA ™ Protein Assay Kit Bp Pierce Biorechology (IL, USA) °

(=) e F MPEE%
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
P P Invitrogen (OR, USA) ; Dimethyl sulfoxide minimum (DMSO)RE f

Sigma (St. Louis, MO, USA) o
(~) By 53 g 1%
Hydrochloric Acidpt p B 1 v & %] Z (Hsinchu, Taiwan) ; pepsin ~
pancreatin ~ potassium chloridef# p Sigma (St. Louis, MO, USA) °
(1) #&FF 35 FLRE AT
Ponceau S ~ Glycin ~ Tween-20 ~ Sodium di-hydrogen phosphate
phosphate 1-hydrate £ p Panreac Quimca Sa (Barcelona, Spain) ; DTT -
Tris-(hydroxymethyl)-aminomethane hydrochloride (Tris-HCI) ~
Tris-(hydroxymethyl)-aminomethane (Tris)f:p GERBU(Gaiberrg,
Germany) ; Ammoniumperoxodisulfate (APS) ~ Acryamide-bis
Fertiglosung 40%F# p Merck (Darmstadt, Germany) ; Sodium dodecyl

sulfate ~ Sodium tetraborate ~ Sodium Chloride »* Sodium phosphate dibasic
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Ftp Sigma (St. Louis, MO, USA) ; Bronophenol blue F£p Koch-Light
Limited (Suffolk, England) ; N,N,N,N,-Tetramethylethylenediamine P p
AlfaAesar (MA, USA) ; - % #uf8 ATGL antibody ~ HSL antibody -
Phospho-HSL(Ser660) antibody ~ B-actin antibody £2 = 3 §8 Anti-rabbit
IgG, HRP-linked antibody & p Cell Signaling Technology (Boston,
USA) -
(1) FEALARS 2

Bovine serum albumin(BSA)f-p Amresco (OH, USA) ; HSL
antibody P p Cell Signaling Technology (Boston, USA); = & ¥ & f il
Alexa Fluor 488 Goat Anti-rabbit IgG antibody B p Invitrogen (OR,

USA) ; Triton X-100 p&£p Sigma (St. Louis, MO, USA) °
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- RS2
(=) A3+ 2 9 kfgdy i |

2o SRR RO FABE T AR pH E o fe ¥ 2.5 %
(W) ISP i % e p¥2 A K F &E R 2 pH B> #4E 20 min 8 4 »
5% > R X T 605 1:100 (w/w of ISP) o 4r » i #3217 0 h &
SB R e  ER AR AT B L 0-1-2-4-6-8h> #F

ER AR Se$ 15 min @ 22 4 5 0 A AP B— iR iR (T

sl

KRS A7 B AR AT 9,000xg s 1S min s B ki 74 kgt
4 718 ISP -k f34= (ISP hydrolysate, ISPH) i¥ % t 5 % 9 S 5 & o
(=) kfgipl

PEE Y FoavkidfaR v Sd RigF ik > Fo Fokjigx
o-phthaldialdehyde (OPA) 4 £k & ;% B|& (Churchetal., 1983); i®*
BRI 5 kg% R R A (B-Mercaptoethanol) i feshiZ T - OPA ¢
BAERIR AR IS hoRA R 0 )= 340 nm o R E R
R

B R PP F AR (S ek iR RS 50 pL v 4~ 1 mL SRfiesh
OPA :##H|353 R &1 R B THEF B 2min> = Tk £ 340 nm
BlTHB LB T I 7 kR DS (Leu-Gly) 845 57 32

L F RS ot ik § 8922542 (peptide bonds) #c o /K f7 F
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Fo— N Bev pEAENE

Table 1.General characteristics of proteases used in this study.

Proteases Sources Type of protease Reaction conditions  Preperential specificity

Flavourzyme Fungi Endoprotease + exopeptidese 50C » pH 7.0 Very broad specificity
type A (Aspergillus oryzae)

Neutrase Bacillus subtilis Endoprotease 45°C » pH 6.0 Succinyl-Leu-Leu-Val-Tyr-

7-amino-4-methyl-coumarin
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ENASE M Tl S
DH (%) = (HyHgw) * 100 %

DH # 7 -k f# 5 (degree of hydrolysis, DH) » Hy % & K f# 3 &% 4% &7
2P S > Hw » 3 8 30 ¢ 922548 > T ISP 5 ficsk 4 ISP
4% (8 7.8 meq o-"% L /g ISP -
(z) A&RIT
i * e g & $7;% (Mico-kjeldahl method) iB| = ISPH =& &
(Yield)’ I a‘r"f A K2 ISP ¢ 42452239 A4 ¥ (nonprotein nitrogen ;
NPN) “c02fe (AOCS, 1989) < B~ 2 mLISPH & 4 mL 15 %= & fé fit

/% % (trichloroacetic acid ; TCA) R & &g s » 718 Jgik 4r » 10 mL

JERREL S 42 (7 5gKS04% 5mgSe) *t 400 C A faYpt s 3
52 h> @ ISPH & hmifie= 2 F s e MRS B0y » % 4 Fris

Fde 75 mL ZEAGK o e~ 40 % NaOH » 2o X s Poid 3oy 17 45
# 5 (Kjeltec™ 2100, FOSS, Sweden) » 17 4 % H;BO; (Boric acid) 1z
Boagapie s Bts* 0.1 N HCLF 7> 1345 chif £ 355 4 ISPH

A & 7 TCA ¥ 31 % (TCA-soluble nitrogen) °
TCA-soluble nitrogen = (V-V;) x C x £ x 14/ Sample (g)

Vi % ISPH #7i}" 42 0.1 N HCI en® 2 # > V, 5 ISP #7ij" 42 0.1 N HCI
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E A g C 5 0.0 N (HCL# £3ER) > f 5 HCl2 4 § » 14 2§
&+ & (g/mol) °
(=) e &

Sk Rk SLAe Bl ror 0o B 2 B A4 3 £ LE (molecular weight
cutoff ; MWCO) 2 Jg Wi (7K f@de e & o Mok f27% 2 3 b iR
BT R Bt o 5 FIFRE DR 0 A+ TRk R
€ BT 5 ek (permeate) ; & E i WE RS A F KRS
Rlw 3 F R P FEREE EFF B RERMHEELZ R LD
1/10 > & 4 » 2484 ddH,0 Jh17 (diafiltration) & % 5 » e 5 A 3
® * Mk SEd (concentrate)e F B 7 3% 4~ Chiang % £ (2006)
S S 3 X TER A P 0 F & L Hok fEd 0 i 2 30 kDa MWCO
o 32 {6 0 @ 2 i i 30 kDa MWCO -k f2 3 # s 30 kDa
concentrate ; $ ¥ ¥ i Jjg "] 3* 30 kDa g% ¥ 10 kDa MWCO g
WoRJE > o B 3 & 3t 10 kDa ek f2 4 % 10 kDa concentrate > #- 10
kDa 7if /% 14 1 kDa MWCO JRMoAJE » #4(8 5| ehjk 4 4L 5 1 kDa
concentrate » i i 1 kDa MWCO 3 % 12 300 Da MWCO g 5 /ad? 8
3] 300 Da concentrate £2 i i Jjg " 300 Da permeate °

(1) &=+ 84T iR

% 5 %+ Chiang £ % (1999) > i¢ * Superdex " peptide
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Figure 3. Membrane reactor system.
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10/300GL column (GH Healthcare, Sweden) > 2 HPLC = ;Y #3415 d /g
R BOR AR FESF A iy R &S 02 pm
filter /g {¢ > ™ 0.02 M phosphate » 0.25 M NaClpH 7.2 % # #4p » &
ik 0.5 ml/min B pRA & 214 nm i k@ > Pl H AL FE A F o
# 2% ¢ Cytochrome C (12,500 Da) ~ Aprotinin (6,500 Da) ~ Gastrin I
(2,126 Da) ~ Substance P (1,329.8 Da) ~ Glycine*3 (189 Da) -
(=) e %

AR Y % 11 & 3T3-L1 # *3 % w% (peradipocytes) » & %
@ 2T KB WL~ 1x10° ~ 4x10* ~ 1x10% cell/well %+ 10 cm ~ 6 3¢ ~ 24
it &% ;1173 10 % FBS (Charcoal/Dextran treated)2. DMEM Z
BAR BAW3TC -5%CO5%kErY 55 X [ HATHER R -
v 3 N2 Kim & A (2006)507 jE FfpAcBle o 3w L
R Z ‘e i @ e 3510 pg/ml insulin~ 0.1 mM DEX 4= 0.5 mM
IBMX > 1 igigimre it (At % 0 X)) Aities 22773 10
ug/ml insulin 732 £7% > 6% 2 X { ¥ 7 7 insulin 32 & /%
20 %82 {7 Zinsulin3z &A% % 92 T ¥z F ISPH %
i > ISPH % £ 12 0.22 pum filter :& {7iB g ¢ "E F 2 % z&ﬂ‘ dvoo 3% 12
TR R R RER e A = fE g o ¥ ¢ PBS (0.14 M NaCl »

5.36 mM KCI » 0.35 mM Na,HPO, » 0.44 mM KH,PO, > 4.17 mM
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fnre £ R

l RIRERE
mren ki VA A e KR (3G A) I T INCES EID
| | | | | |
R e | | i | | |
W E £ B
4 ,3\37}«’5’&%%;',’%
mrEg AR AR mee sy & iR (3% 4 &) mwss ki (3 kiRE)
b [ | | [ |
day -2 0 2 8 9 12

Wz ~3T3-L1 #gpimre & i FE 2 S 21
Figure 4. Experimental design for the differentiation of 3T3-L1 adipocytes.
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NaHCO; » pH7.2)7 % 5% » 252 10 %45 5 +hk 3%t 4 C # Oilred O
A4 RlE iR & 5 v A i@ * Lysis buffer (5 M NaCl» 1 M pH 8.0
Tris » 0.5 M EDTA » 20 % SDS » NP-40 > 6.03 mM C,,H;NaO,) #-m
e plp{s 0 2 13,000%g s 10 min > B~H H ;ﬁ";‘fé%ﬁ;‘ﬁl’?é’ s P
faRTEERY T E -
N IR T R AR LR e A (Y A4 Bl T 0 (A)E W BREg 0
wPe o fm e A B = AR o e £ R (L ,9,] Sedb R A L RERE ST Y
4% > BlI (B)F frhdx iz e o it SR T BRI FE N g 0 iz P AT
z RIS BT B)E(O)n ¢ # e rdp B BT (C)%8% ¥
Ppen B AL - FALAE o e 3 & % % 22 Ntambi and Kim (2000)
AL 5 A1 483 T2 hilp B3T3-L1%; smee © A v 3L 0 H A (- bk
%]5 PPARy#? C/EBPaf 45 % . » ¥ 38 (775 pehd & o
(=) OilredO % ¢
i3 Green &2 Kehinde (1975) %4 » 54 > 20243 5P 2% 12 %
e A it Ry iR lm e o 50 ke S %k te > Minre 1 PBS ik z & oo
e r 10%AR B R 4 CT H L w? 2h IR 2 H ARG ARE

ddH,0 i fn s > 4e » F g i @£ 4 4 1S min> 2 4% F i3 it

% ddH,O jjiede=t > 4 » 0.5 ml/well £ [ fFi3 4 15 min > 128

bl

540 nm #e B H k(5 o Py imimie = faH b fadeff £ & Oilred O 2%
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(B)

i = I - & L ...¢-

BT ~3T3-L1 w5 fginmiz (A3 4% 43 (B)2 % 82 (O)z 4~ it {g
) (K BACE A B 5 x200) -
Figure 5. Differentiation profile of 3T3-L1 peradipocytes (A) with 4 days

(B) and 8 days (C) incubation time in light microscope with
%200 magnification.
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¢ 15 540 nm =k B R T AR (&, 2006) > Xk E A F & T e P
ar EA® o AR RS OilredO s % 0.09 g/18 ml 0 [ f% > & 2
*0.22 um filter i FEH o A ¢ W REH 3R ¥ ddH,0 14 3 12 v BiR
ERXGEF BB
(~) pzpiagp

PRk Nz B b a5l PR fERR R AL B Rl
fwie vt B ZFRERE A VIR AR SRR 0 AR R FA
2 (GY105 Randox)iRl Z32 %% P 3 = Rk & o #-30 uL ‘w9 32 % %
B lmLEBHZRRFAEL 37T CTFRBSmn 4 £& 520 nm
R Ao kE > #8555 ZmE%E (umol/ml) - 7 = Rk &R Bl 2R
125 ¥ Bk R AT 7 2o b epF (glycerol kinase)#-35 &% P oehf = fig
f i Lo b -3-pEps (glycerol-3-phosphate) s @ H & -3-ERfL4F F Ak b
-3-Fifsi § i ¥ (Glycerol phosphate oxidase)# i* 5 H,0, 2 DHAP
(Dihydroxyacetone -phosphate) » H,O, X i ¥ i* = (Peroxidase) it &
22 DCHBS (3,5-dichloro-2-hydroxybenzene sulphonic acid) %
4-aminophenazone ¥ * A 24 ACSB (n-(4-antipyryl)-3-chloro-5-
sulphonate-p-benzoquinoneimine) * ACSB ** 520 nm & & 3 = % g >
ok EAR S (A e Z iR R AR S o

(4) Z o s 2P
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F ok 1 TG ## % (TR213 > Randox)t Blim?e ¥ = BaH 4 fig
AREE o Plwmiz BUt iR 10 UL 33 I mL e S#A 0 37 CT F &
S5min ST E 500 nm R EB ke > THE S Y W AT
£ (umol/ml) o = fa+ b fg ] TR IT 5 e % 328 97 7 g f2 = (lipase) #-
S BLENR Y Z e b i A RGP Z R R PR AR B2 FRARH B
Bepr g it 5 H W 3-EEEE 0 H o 3-mEAF gAY Y 3Ry et
%= H,O, 2 DHAP > H,0, X i ¥ i* = (Peroxidase) i it {5 &2
4-aminophenazone % chlorophenol i®#* {$ 4 = 3% 500 nm ™ & ¥ 3k 5 e
¥ =4 i &% (quinoneimine) > Bk B AR N A e P = L4 b g A
FEARM -

(+) &9 Fdrd

A9 %1% BCA kit {iplim#e ¥ Fo FikR o £ BCA 39 F
A3 EEA A B B L 50 1 et GRS K RIER] 0 K RIEE A
well 200 pL ¢ » 96 3445 # » & & w4 » Fod FHEE 5 (5-2000ug/ml
bovine serum albumin, BSA) £ ‘m¥e gt Fi% 10 ul > &2 F i #i5
3 & >37CTi®* 30 min {84 47 % 8 » & * ELISA reader ' &
£ 562nm R He k@ om BSAERT{FaERY vty O im
% g PR (ugml) s MaEmn Y ZEA M MATEL A

Brrz g 2 ggidi2 e wmre p i FEE o
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(L - ) MTT ‘m & ¥

Ly

MTT 5 - #&% L3~ 5w 3 4 (cell proliferation)
(percent of viable cells) frim?e & |4 (cytotoxicity) e 4722 - H R
A Pl poR A gL Ia k2 & fF  (succinate-tetrazolium
reductase) & 1Lip]| Lwbe chd Lk fy > &0 Frojpitanimiz it i) o B
FEF S me T o MTT S8t % 3 B ehiEd & % # formazan
T mie P R MRS AR o NBEMTT &c # 4%358 > F)pt formazan 2 =
F B Lm%eHcp T FF L e s X h3p #% (Mosmann,
1983) ©

¥ 24 34450 A 0w r ik mre 1x10° cells/well » A 1t 9 X 54417
PR HE Rk A w4 kR D ISPHY3 X {53 (ks & T
1 PBS i&isd = » £ 4¢ ~ 100 puL (0.5 mg/ml PBS) MTT 4432 % 4 h
EFER 40D "ﬁ% MTT A & 4e » DMSO 20 min » P 75 378

R RESY

o

L f# ) formazan 2 & 0 T %0 MTT F 0 20 (8 #-fm e BuR {
¥ 3 96344 > & * ELISAreader if] %590 nm x5k & o
(&) BB S
%+ Wu ¥ Ding (2002) e3&5% > 2 - #-0.1 g kf3H & 2 % o P
# %73 0.1 M KCIHCI % #7372 (pH 2.0) - L& 1 100 mL » 73 4

pepsin (E/S=1/25 w/w) ** 37 Ci¥* 4h M H$H5 Ik > 2.8 1 2N
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NaOH A B pH E % » > B3R 504 K5 15min B % £ 518
AR * o H AR - ¢ % pancreatin (E/S=1/25 w/w) 3t 37 Ci¥* 4h
VIR IR 0 SRR 15 min BEE R A S 0 A RS
BORE o SRR 2ok R g v R s 8 (10,000%g) 40 min o B~
e 12 0.22 um filter i g {4 & {7 w9 38k o

Z ) & > #F 2 (Western Blot)

Bodo WER X 10 pg chiwme i 24 5 ¥ 7 (583 mM
pH6.8 Tris-HCI > 0.17 % SDS > 100.48 mM DTT > 6 % glycerol » 0.013 %
bromophenol blue);® & » 3+ 95 C4c 4t 5 min » 12 10 % SDS-PAGE it
7 % 7 (Mini-PROTEIN 3 electrophoresis cell system, BioRad, USA)
#-Fev A EL e BE 8 14 10 mM Na,B4O; *+ 35 volt/200 mA/16 h #-3-v
B 7# ¢ polyvinylidene fluoride (Millipore, Inc., USA)% F o #-5C% ¢
2 % skim milk/PBST (0.14 M NaCl > 0.74 mM Na,HPO, > 9.2 mM
NaH,PO, > 0.1% Tween-20 > pH7.4) ™2 150 rpm 2 & 1h> £ - %fo
A pidy B o2 R TRT2h8 4 CARAFT IR > PBST
PRGNS S b r Z BFAMAFTETRAF 1 he &5 F 2 PBST
R Z K fe o WME L 4 ~ F A F (Enhanced chemiluminescent
substrate, Pierce Biotechnlogy, Inc., USA) » & #* X k& F 27k o

(Ltw) ¥FEELELF 2 (Immunostaining)
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N

B N 4E He % A (2006)e0% & = & 3 (Fis i s > #6795
wre % T F X #is 2 PBS(0.14 M NaCl>2.68 mM KCl:0.01 M
Na,HPO, > 1.76 mM KH,PO, - pH7.4)i‘j’a'-';;t,f@m 2 = =X 0 e~ 4 %48 5
WEETHET W 15 mino £ % PBS ke = KA ”%rf #5 5
Foo Ae 2 T4 AT FEAE-20°CT 10 min o B oG 4ok wie B RN &
T b o BFERPFwEEFYELALI » Bwmiz izt 1 % BSA
/PBST (PBS > 0.3 % Triton X-100)ZJ3Z 1 h 2 B _im™ } F=6 F » £ 4o
rosfUEFERE ) PARRY B4 CHEEIRR - M PBS ik

S e r D BRI T EFE The ki g 2 PBS jjik= =
y

)

3052 N kB ACEL (IXT1, Olympus, Japan)pL 2 bm ™ % & 152 o
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N Y
Flavourzyme-ISP -k &4 (5 4= % Rl3E £ 5 @58 3T3-L1 #5 % ke
@ = EReni®* (A, 2006) > @ Nuetrase-ISP -k &4 » #zEF L 3 $v
F1 3T3-L1 % fg 9pkmbe & 1L 8% & Furg 4 & ehjE e (%, 2008) » 7]
PURGH T BB - IR e JARE F KRS 0 972 A ISP R RS
(Isolated soy protein hydrolysate, ISPH) £2 H g " % & F 4 B_i&
3T3-L1 FgiplmPe Pqfaiv®* 2 B250 » 10 2 FEIF RSB P 218 % cnv i 48

F o

- ~ ISPH hét %

B~ % Flavourzyme 'K f% ISP ek 2 P 44 H K f2 5 &7 & § e
FogSRH ok F Nz A BEEFLEMF SR kR F K
JRRFRE <30 2h R E e AR F R g BT 8 > A 8hPH KRS S
1295%2 2 2 € 5 1.14mgN/ml; & - ¥ P g2 ISP £ 3 # 4§
KfRiER S REF KRR M A2 { F ke TokREE S R ET
RS g% rkjEt > TR LG PR DGR fREM S R G FR-
YRR e i e AR B KGR o

Bl-= % 7 -k fEpF R 9718 e Flavourzyme-ISP hydrolysate (FH)¥+
3T3-L1 Pq %5 fm¥z ¥y ?i&ﬁ;i%%ﬁud 400 ppm 7# F -k f2PE R FH A %

AR R4 R AR Y s K = 21812 Oilred O % 4
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—— Degree of hydrolysis (%)

—#— Yield (TCA soluble nitrogen, mg/ml)

14 r 1 1.4

~ 12 112 £
= =
210 110 2
= &0
o
s 8 108 %
=]
“ 6 106 =
@ =
%n 4 104 i
a

2 102 &

0 0.0

0 2 4 6 8 10

Hydrolysis Time (h)

B+ ~ Flavourzyme -k f2pFr P $4 4 8+ & 30 RfEF 2 A £ 2 250 -
Figure 6.Effect of different hydrolysis time of isolated soy protein
hydrolysates on degree of hydrolysis and yield.
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110 .
=X
< 105
5 T ab
E 100 J ab b
=
E 95 be be
Q
< 90
o
& 8 .
—
o 80
Z
= 75
~

70

Control 0 1 2 4 6 8

Hydrolysis time (h)

Bl= ~ % -k fEpF R 2. Flavourzyme-ISP -K f# 3 %+ 3T3-L1 75 %% ‘o "2 4p %%
EERVEER B A L
Figure 7.Eftect of Flavourzyme-ISP hydrolysates with different hydrolysis
time on relative lipid accumulation in 3T3-L1 adipocytes. Bars
represent mean+SD, n=3. Means with different letters are
significant different (p <0.05) by Duncan’s multiple range test.
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LR e P Ry s A ehfe R 0 Bdmie 4 1830 540 nm iplex sk B Y
BOHR vt n B AR R (RLA, %) $H R e 5 Ak 4 2 FH
ehrg i inte kb g B AR R o R M A D oK ERFE GFH (&
mee 0o G RS R e 5T T % AR B ¢ 4 2h SR FH
3 B M RLA > REFRET 57 18.74% o s B R & A (2000) 754
48 # & > ISP % Flavourzyme -k f% 2 h #f ¥ -k f# # FH2h
(Flavourzyme-ISP hydrolysate at 2h)¥ &8 % 1'% X 3T3-L1 #5 %5 fm % 1
PR ETIAR o b eh > (2008)F]* Neutrase ‘K f# ISP 4 h #7#7 -k j24
NH4h (Neutrase-ISP hydrolysate at 4h)ic 7 »xfr] 3T3-L1 w0 #g ¥% fm e
PR enA & F {8 e % 0 #4E 31 FH2h &F NH4h #7595 e @
P = cg (Glycerol release)® = fhH i figzx ¥ £ (Triglyceride
residual) e352 58 o
(- ) NH4h -k fz2 5
AR NHAR % 7 B 4 ikt R34 B e
fRiT% ccdk - B~ (A)5: NH4h 7 F 7 A A& % 3T3-L1 *pipimie
Z R R 1% 400~ 800~ 1600 ppm 7 4r £ & 7 wie 82 % o
Zs4v FH2h = 2 B ePrlo B AREFP 2B 2 RPDOHBRES A
F bk g ey i e HAAF=ZBHE B E-_RBRYIATE -

22 0k i i 4o 400-800 ppm T AT F R s KR d 3 2 R
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160 a
140
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100 [ b

ab

——

80
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Glycerol release(nmol/ml)

Control 400 800 1600
NH4h (ppm)

3T ab
b

TG residual (umol/mg protein)

Control 400 800 1600
NH4h (ppm)

B ~ ~ NH4h 7 Se B8 3T3-L1 phplmie i Z i B (A)E =Y W
A g EBLBE-

Figure 8.Effect of NH4h with different dosages on glycerol release (A) and
triglyceride residual (B) in 3T3-L1 adipocytes. Bars represent
mean+SD, n=3. Means with different letters are significant
different (p <0.05) by Duncan’s multiple range test.
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g (p<0.05) # ¢ 400 ppm k& e £ G B G E [ 2
f% 7 £ 4£.79.03 nmol/ml 3£ # I 119.24 nmol/ml - £ F| 1838 7 fZ T *
Pk RAEF R AR e o AR LB H GER 2 Bepffe @
R RFZAFT 2 ADLE R kRS R IRER AR 2R
B o bt AR A I e B Gz B A AT EE- #

F g f#iE® o d B~ (B)F v igF NH4h KR ek R e o
wir P Iz Y BT B BB AR { BP0 e Y p
ZEEY AR A R 2 R R e o g
i
(=) FH2h -k 24

B4 (A)5 #73 FH2h 7 F 75 4o A2 41 3T3-L1 % e 5 = it
g R e R de 0t i 400-1600 ppm B E § RAE e f i =
i3 %o therdg g > B ¢ R4 400 ppm T i wie 3 Z Bl R B 0 JL
79.50 nmol/ml $% = I 111.32 nmol/ml o ¥ *bp| F lm¥e H ¢ 1= fa+ 7
FaZt B4 B 2167 e (7 5 i 4o 800-1600 ppm 1 FH2h » 52 4
Pio vt it 2 e b iR § BT AT RS (p<0.05) 0 F i *e 1600

ppm FF o = feH ¥ fia 7y F £ 1£.2.96 pmol/mg protein "% I 2.18 umol/mg

protein °
FLEYREE T Io AP %er2 A 9 NH4h &7 FH2h 385 5 #aE
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140 a

120
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—— o
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Glycerol release(nmol/ml)

20

Control 400 800 1600
FH2h (ppm)

2.5 1

TG residual (umol/mg protein)

Control 400 800 1600
FH2h (ppm)

B+ -~ FH2h 7 e AT ¥ 3T3-L1 *qpkmie p Z i (A)E = peH
AT EBLBE-

Figure 9.Effect of FH2h with different dosages on glycerol release (A) and
triglyceride residual (B) in 3T3-L1 adipocytes. Bars represent
meantSD, n=3. Means with different letters are significant
different (p <0.05) by Duncan’s multiple range test.
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P R (5 s v ohagr A KRR R 1 ek TR ORI
W ARG 474 A ISPH $imwe 5 2§ 4 12
AFEG R MTT BB plme G > hme At H4 2 %

FyteokfEi e B2 2 o RRIE LIRS g pranEl o 2 ARG

ML 3SR SR o B R TR RS e g

Ja
(w

A
-

B+ = NH4h ¥ FH2h 7% 4e & £ % 3T3-L1 %5 %% w2 3 7%
|

B AR S EFR 0 0 A B4~ 400-1600 ppm £ NH4h 4o FH2h
= X mE

FE AR 100 %0 L o3 5 v pkdg B B RGR F R e
PR et B A € i R e k= > Y M R ey S 0 4o
DHA (Kim et al.,, 2006) ~ Genistein ¥ Resveratrol (Rayalam et al.,
2007) ~ Guggulsterone (Yang et al., 2008) o d ¥ o X fT F #74 & e
ISPH w2 ¥ 2 £ 5 & 4> B2 F T 1§ fwiz 2 & HigBE o
Wi F kY ¥4 2 FH2h 22 NH4h K fgd » & 02 o5+ £
*TiE (molecular weight cut-off, MWCO)jjg it (7 % & > A 80 3 o A
TR AR AP GRS R A BN L AR

fRITH et o

- ’}{ﬁi#ﬁjg\g’v&\
X E RO RESFY TG AR A AT PRI FENF L

M RS B R IR A B ol T A e B A B 18 9 e £ A
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NH4h (ppm)
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S 100 - =
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(@)
Control 400 1600
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B - ~NH4h (A)2 FH2h (B)/" So A B 4 3T3-L1 P % fmve 15 % 5 el 5B

Figure 10.Effect of NH4h (A) and FH2h (B) dosage on cell viability of
3T3-L1 adipocytes. Bars represent mean+SD, n=3. Means with
different letters are significant different (p <0.05) by Duncan’s
multiple range test.
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Bl L EE D R enBaR R vk o ARy < £ @ & FH2h oK
fas > & A2 30~ 10 ~ 1 kDa £ 300 Da MWCO g %% » » 7 g
ik S5 4 £2gik 0 3% NH4h 12 30~ 10 2 1 kDa MWCO Jjg i 7
T Ao R AP S ICE APl sulicw A 0 f1* HPLC %/ H 4 3 £ 4
RS FE TR A TR o

(- ) NH4h -k 25 % »

Bl - % NH4h 2 H g% &~ $ che 3+ £ 4 7 B 8 Fae 3
&5 5 12,500~6,500~2,126~1,329.8 ¥ 189 Da-NH4h % d 30kDa
MWCO jjg %5718 2 )k 5+ (30 kDa concentrate) 144 + £ % 3+ 12,500
Da s34 75 % 4 0 i i 30 kDa Jg " & iz £ 59 10 kDa g " %
& TR ek ‘{vﬁﬁrﬂ (10 kDa concentrate) 4 <+ & 4 >+ 12,500 2 6,500
2 R EFHR10 kDa gt a2 s g £ 559 1 kDa g ® ~ 0 2
Jk¥g4 (1kDa concentrate) 4 <+ £ 14 2,126 Da £2 1,329 Da 2. & 5 1 >
@ 1kDa jgi;% (1kDapermeate) & + & & # 12 1,329 Da 79475 5 4 o

(=) FH2h -k jad % A~

4+ - % FH2h 2 B g &% & e 3 £ 4 % B - 30 kDa
concentrate ' 4z 1% 12,500 Da & + & ¥ (X 5 & o 10 kDa concentrate I/
12,500 ¥2 2,126 Da 2. FF %2 i > 1 kDa concentrate PP &8 "% 4 3 2,126

2 1329Da 2 5 # 14 1 kDa chifir il i 300 Da ji % A o H k4

=}
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12500 6500 2126  1329.8 189 Da
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Bl - ~NH4h R j25 57 " UE T & 7T )&‘{ﬁ#ﬂﬂ’ R
* B o

Figure 11.The molecular weight distribution for concentrates and permeate
obtained from the fractionating NH4h with different molecular
weight cut-off (MWCO) membranes. NH4h was sequentially
filtered by a membrane module with 30 kDa, 10 kDa and 1 kDa
concentrate or permeate, respectively.
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12500 6500 2126 1329.8 189Da
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30 kDa concentrate

10 kDa concentrate

1 kDa concentrate

300 Da concentrate /\"‘/\_’\m‘_lk

300 Da permeate

Chem
M
=
=
=

E0
minute s

B+ = ~FH2h -Kj2i 53 b " UE " A T8 kEH R A+ 24
* B o
Figure 12.The molecular weight distribution for concentrates and permeate
obtained from the fractionating FH2h with different molecular
weight cut-off (MWCO) membranes. FH2h was sequentially
filtered by a membrane module with 30 kDa, 10 kDa, 1 kDa and
300 Da concentrate or permeate, respectively.
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¥ (300 Da concentrate) 4 =+ & 17 1,329 189 Daz ¥ % 4 > 300 Da
Ja e (300 Da permeate) i & & F % 189 Da 11 F e PR P £ o 1Y
P& BB - SRR A s R o R e A I 7

AR AP R R (8 R R A (L R R B T e

J%E °

= ~ ISPH Ji %% A § thif &
hrE T NH4h 22 FH2h v 538 2 A2 7 7 F B A Sem gl 2 b &

3

=k

Rl AR R BfS o A Bl S & % 4 4 400 ppm Py Bl e 5 =
P oA F MWCO gkt 2 it ftwie p Z iy =
[ LN EE A - T L

(- ) NH4h %% A %

B4 = (A)% 400 ppm NH4h 2 H 500 F A % 3T3-L1 %5 5 fm %%
g e R e 7 #v NH4h FEF Ay AR g 5w
Rz R B RER A kP 2Rk 0 30kDa ~ 10 kDa
% | kDa concentrate 327 B F# B q w5 = i (p<
0.05) » @ 1 kDa permeate 2_-|- &~ = 5 £ & B ¥ e[ = i i 2
H ¢ 12 10 kDa concentrate £ B+ e = A3 E o AR oA
#-22 g 78.70 nmol/ml & ¥ #% = T 96.88 nmol/ml » i ¥e3+ & + NH4h

2 otd RS L B ARl R X @ F LR o A ML 2 Bz i
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Figure 13.Effect of 400ppm concentrate or permeate on glycerol release and
triglyceride residual in 3T3-L1 adipocytes. NH4h was sequentially
filtered by a membrane module with 30 kDa, 10 kDa and 1 kDa
concentrate or permeate, respectively. Bars represent mean+SD,
n=3. Means with different letters are significant different (p <0.05)
by Duncan’s multiple range test.
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b A F LR MT 0 Pt 400 ppm NH4h 2 2 % & 4 22 41 e ot
P 3 T rAE% 5 10 kDa concentrate £ 3 ok Mz B W fa A T
£ o e 53-8 F 22 NH4h 2 H 30 kDa concentrate +“ #& 7 & & % 4 £ >
PEFER AP ZBEREI AL TSR RTET
P oo HEHERE O = R E 930 kDa £ 10 kDa concentrate
E-H L BFEFE AR EH el 2 BRI 22 4 Wy
R NERA E kR A P EAcE L e 2B T o NH4h
30 kDa concentrate *>* 50-1600 ppm 77k B T $54& jF B F RLE Y bk m
Fe i = e enf iz 0 v 400-1600 ppm F & ACIEEED = AR g R
PHEFREVRIAFFLE (B2 (A) - 2 FRp Z ks
F &3 400-1600 ppm 7 R BT R AR T E T R
(B]+ = (B))e d 7 & NH4h 30 kDa concentrate ¥7g %% ¥z i 38 7q f%
Rk AR F o ApF o Fpinleie [ Z IR E ¥ NH4h 10
kDa concentrate 7 4c & i 4c > § P AR S PR % o 4o B R i P
800 ppm FFE F BB g AP 27 BB e A H B
84.19 nmol/ml % ¥ #% = = 109.15 nmol/ml (B] - 7 (A)); s %%~ F &
= feH b fg A F £ 0 % F NH4h 10 kDa concentrate 7 e B R e 2
4B T hABE > AR T 1600 ppm P oo HF B 2 ch 3.08

umol/mg protein *# I 2.44 pmol/mg protein °

57



140

120+

00 |

Glycerol release (nmol/ml)

l

ab
ab ab ab
b

60
40 r
20 F
0

50 100 200 400 800

0 1600
NH4h 30kDa concentrate (ppm)
B
4 —
a a
35 [ a a a a
= T I a
2Tl T
o
éﬂ 25 1
g 2r
=2
E 15
E o1
W
=05 ¢
0
0 50 100 200 400 800 1600

B+ = ~ NH4h 30 kDa concentrate =1H ,,9]‘ So € 4 3T3-L1 #*q ik kmbe 3

NH4h 30kDa concentrate (ppm)

IHEREA)R RS RATEBZEE

Figure 14.Effect of NH4h 30 kDa concentrate with different dosages on
glycerol release (A) and triglyceride residual (B) in 3T3-LI
adipocytes. Bars represent mean+SD, n=3. Means with different
letters are significant different (p<<0.05) by Duncan’s multiple

range test.
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letters are significant different (p <0.05) by Duncan’s multiple
range test.
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Figure 16.Effect of 400ppm concentrate or permeate on glycerol release (A)
and triglyceride residual (B) in 3T3-L1 adipocytes. FH2h was
sequentially filtered by a membrane module with 30 kDa, 10 kDa,
1 kDa and 300 Da concentrate or permeate, respectively. Bars
represent mean+SD, n=3. Means with different letters are
significant different (p <0.05) by Duncan’s multiple range test.
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glycerol release (A) and triglyceride residual (B) in 3T3-LI
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Figure 18.Effect of FH2h 10 kDa concentrate with different dosages on
glycerol release (A) and triglyceride residual (B) in 3T3-L1
adipocytes. Bars represent mean+SD, n=3. Means with different
letters are significant different (p<0.05) by Duncan’s multiple
range test.
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Figure 22.Effect of NH4h 10 kDa concentrate following digestion by
gastrointestinal protease on glycerol release (A) and triglyceride
residual (B) in 3T3-L1 adipocytes. Bars represent mean+SD, n=3.
Means with different letters are significant different (p <0.05) by
Duncan’s multiple range test.
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Figure 24.Time course of FH2h 1 kDa concentrate on protein expression of
ATGL in 3T3-L1 adipocytes. Values are mean+SD for three
replicate cultures and * is significant different p<0.05 within
each incubation time by Duncan’s multiple range test.
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Figure 25.Time course of FH2h 1 kDa concentrate on protein expression of
HSL in differentiated 3T3-L1 adipocytes. Values are mean+SD
for three replicate cultures and * is significant different p<
0.05 within each incubation time by Duncan’s multiple range
test.
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Figure 26.Time course of FH2h 1 kDa concentrate on protein expression of

phospho-HSL in 3T3-L1 adipocytes. Values are mean+SD for
three replicate cultures and * is significant different p<0.05
within each incubation time by Duncan’s multiple range test.
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Figure 27. Time course of FH2h 1 kDa concentrate on translocation of HSL
in 3T3-L1 adipocyte. The cells were observed in fluorescence
microscope with X400 magnification.
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