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ABSTRACT

Obesity results from the imbalance between energy intake and energy
consumption, which may lead to a pathologic growth of adipocytes. 1
examined the effects of several extracts obtained from the edible seaweed
Gracilaria vermiculophylla (OHMI) PAPENFUSS on the adipogenesis in 3T3-L1
preadipocytes. The ethanol extract and the subsequent solvent fractions
inhibited the accumulation of lipid droplets in a dose-dependent manner in
3T3-L1 preadipocytes, which were stimulated by differentiation inducers.
Among solvent fractios the ethyl acetate fraction (GEFr) elicited the most
inhibitory effect which involved a significant decrease of the expressions of
the key adipocyte differentiation regulator, peroxisom proliferator—activated
receptor ¥ (PPARY), CCAAT enhancer binding proteins a (C/EBPa) and fatty
acid binding protein (aP2) by the protein level. AMP-activated protein kinase
(AMPK), which is an enzyme that play a role in cellullar energy homeostasis,
emerges as a possible target molecule of anti—obesity. Thus the effects of
GEFr on AMPK signalling pathways were investigated. GEFr significantly
activated AMPK and its substrate, acetyl-CoA carboxylase (ACC) in 3T3-L1
adipocytes. GEFr increased activation of LKB1 and stimulated the intracellular
ROS generation, both of which activated AMPK. GEFr effectively increased
the gene expression of carnitine palmitoyltransferase-1 (CPT-1) and
uncoupling protein2 (UCP2), but not peroxisome proliferator—activated receptor
gamma coactivator-1a (PGC-1a). GEFr did not affeted glucose uptake in
3T3-L1 adipocytes, whereas, GEFr increased lipolysis in a dose-dependent
manner. This study strongly suggested that G vermiculophylla extract and
its subsequent fractions, especially its active fraction GEFr have the potential

for use in therapeutic design to improve the lipid metabolism.

Key word : Gracilaria vermiculophylla, 3T3-L1, PPARYy, C/EBPa, aP2, AMPK,
LKB1, ROS, CPT-1, UCP2, PGC-1a, glucose uptake, lipolysis
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al., 2002).

3T3-L1 AFAWAHEE confluence Efe] ¢]2W M2 4§ AR
mitotic clonal expansions HA st AW X2 £ Fod gAAESE IR
3t} (Tang et al, 2003). 3T3-L1 AT A LA EE= AHAE F 5
=zl 91 @, glucocorticoid AlE 2] dexamethasone (DEXA) 2 phospho- diesterase
A& A Q] 3-isobutyl-1-methylxanthine (IBMX)S A #3}d A WA ¥ E3}7F &
A3FA FRA A} (MacDougald et al., 1995; Gregoire et al., 1998 ; Cowherd et
al, 1999). ol #A E3F=d Axe FE7F W] A Fpstal 5-79 Jrol| AW
Mol Fd3S 584 Fvt (Sams and Sul, 1995, Gregoire et al. 1998). A
TARALAN ALALE E34s AL Adibe 22 eadds) 22

b
r

Fl

=,

# ZF=7} peroxisome proliferator activated receptor gamma (PPARY)el 233}t
3!, glucocorticoids®t #Z2 T =20 CCAAT/ Enhancer binding protein beta
(C/EBPB)2} C/EBPS of 28314 do @A AZHAT) (Smith et al., 1983).

AMP-activated protein kinase (AMPK)+ serine/threonine kinase®] 49420 =



AEZ Ul dyR] FEE ZHEkeE dEY ‘olyA AlAT 9EE 3t EAEA
(Ruderman and Prentki 2004; Winder and Hardie, 1999), M ¥~ U] ~Ed X,

2], +F T AMPATP Hl&9 #aHErt ofye}l AWAx Enj=4<el ofy

2

Fl

e (Wu et al., 2003), 08 (Orci et al.,, 2004) 59 adipokine®| = 7173} A
<3t 2438 "y 24889 AMPKE ATPE 42vdhs 34 (eg. AW 3
A, A ) JAGHE wrH ATPE AAsE 44 (eg. A WA Abske) 3
FHA)E F3e] AR FFPE 223 (Lee et al. 2006; Hardie 2007).
AMPKE] G2+ 8F19] catalytic a subunit (al %=+ a2)3 + 719 regulatory

subunit B ( Bl B+ B2)¢} v (v1, ¥y2 =& y3)& olgatsta 25 o] Fal 9l

L

t} (Towler and Hardie 2007; Carling 2004). AMPKs= AMPKK (AMPK-
Kinase)$l LKBI19l 23] a subunit®] catalytic domain®| ¢ * 3%t threonine 172
7] (Thrl72)7F A4ks; oz 4 @4 stEt) (Hawley et al 1996; Stein et al.
2000). &3ty AMPKe F4 whl A <l gcetyl-CoA carboxylase (ACC)= A4
P A (lipogeneis)e] F8 &4 =24 acetyl-CoAZF-H malonyl-CoAE A4
3t 9eE 3t} (Sim and Hardie 1983). €4 3€ AMPKel 23 ACCe
Ser79 zt7]9] <l4kst= ACC A &4d& Asisty, 234 o 2 AMPK €43}
¥ malonyl-CoA 374E& At FAHAAWe S FAaAZY (Park et al
2002). T3t AMPK @Al 3= vmlEFE=3gole} #=A8l:= Uncoupling proteins
(UCPs)9} peroxisome proliferator activated receptor gamma coactivator-1 a
(PGC-1a)E A3 AA nEZ=gote] AA (mitochondrial biogenesis)S %
7FA1 7130 (Orei et al. 2004), malonyl-CoA9] A A= Haf A WAiks nEE
=g olE £uk3l= carnitine palmitoyl transferase-1 (CPT-1)9] @4& Z71A]
A A wike] B-4F8l (fatty acid B-oxidation)E < 7}A1 71tk (Rossmeisl et al
2002).

3 AMPK &4 3A¢l  5-aminoimidazole-4-carboxamide riponucleoside
(AICAR)= g4 AzmZE ] AHAE F3e] vl# ¢l fatty acid synthase
(FAS), PPARy ¥ C/EBPa9 ¥¢d-& oA sl (Habinowski and Witters 2001;
Dagon et al, 2006), cAMP-dependent protein kinase A (PKA)el| ¢]3] 243}

Fl Hormone-sensitive lipase (HSL)®] Ser565 Z7]1E 143l A7l o 2 A A HFE-



A= A s} (Daval et al. 2005). %3+ AICARE o<W 33314 glucose
transporter 4 (GLUT4) @i d o] Myuto z o] o]si MUY=
SR e z2A el AYHS MAdste 2945 Jedd s 20t (Kahn
et al., 2004, Merrill et al., 1997, Yamaguchi et al., 2005).

= 50 AMPKs= H|vE 2l A 28 dwe] Axe F FAEXNEA g7
aogder, AAEZE Jxw AZAQ Metformin (Zhou et al. 2001) ©]i}

hva [e]
Ernd 4

o

Thiazolidinediones (TZDs) (Ye et al. 2006; Kubota et al. 2006)2 A -7tH A o
= AMPKE @43t zItar Hars o] Qv wels AMPKE 2743t 428 &

@ AAE ol Bl A4 AL ARAol FUH Yuh ¥ ATE AF A
o] SEFETE AMPK S48 HAES Faste] 1 48 714 THAE
Q5o don FaAs AT

A #: 7] [Gracilaria vermiculophylla (Ohim) Papenfuss)® 2 UE W]
Fo AR apstd| glolt 5 A A AR e E¥&a e arachidonic acid
eicosapentaenoic acid ¢ BEX3}X|HWAiko] FF-3l] F=E sk YxL; A&
o2 olgHE FxFoY (Imb et al, 2001). HEMA7|o)A] Fibsl a )
(Shin et al., 2008), &9%= & ¥ (Dang et al, 2008; Lee et al., 2009)2} A E£A}
a7 (Miao et al., 2008059 A&&dd gt HiE AX T viAdsa) 3
HdTE obd Had Ayt gle AAolt weEk & Aol AEAA Y]
o] dEg FEE Z & £83F, 53 cHOlAHCIE #8339 AMPK €4

8 714 2] 984 #3853l

=
i
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o]
5, st e #5300 AR odEs FEEs 27 #ske] 200 g9
TS 2 29 80 % olgeel 4843 FEekal Aol doith of el A T

WA e FO) 80% T Arisel 24 F5F F1H FHES 34 7

3l A %<7 (Buchi, R-200, Switzerland)® %5319t} H5RoA &2
AAS & A& F52EL 270X 3l 29 £ Ax Ao AT 9

Mouse F# 3T3-L1 AFAWAEFE American Type Culture Collection
(ATCC)l A F43FA. Al v 10% bovine calf serum (BCS; Gibceo,
USA)3} 19 penicillin/streptomysin - (P/S; Gibco, USA)o| #7}¥ Dulbecco’s
modified Eagle’s medium (DMEM; Gibco, USA)E A}&3}e] 37T, 5% CO, *
Azl A ATt AEE= T-75 cell culture flask whEHell Al27F 709% A%
e ) Al A sl

3. A¥X FAE 54 (MTT assay)
ANZ7F AlZel A mA= d¢s 437 Aste] MTT 248 3 3
At MTT #2428 Zhang et al (2002)9] WS A3 34313 v). 3T3-L1

AFAALE 1.0x10° cells/well] 2 96 well micro plate]A] 481 7F ) <k
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% 10% bovine calf serum (BCS)el 343 2t ANE& &

FeEE #8955 #3935 1625 125 25, 50 ¥ 100 pg/ml, A4k A EolAH o

E &85 13125 6.25, 125, 25 2 50 wg/ml)= A3t H Tt AEZE 48247k 6
dolo] 2 mg/ml %2l 3-(4,5-dimethylthiazol)-2, 5-diphenyl-tetrazolium

bromide (MTT; Amresco, USA) €42 400 pg/mle] =71 H A H7Lsle] 44]

ot mjgE 5 wAE AASSAY. Axdel] AdE formazand ¥ 200

—_

o
=
o
B
2

109 dimethylsulfoxide (DMSO; Amresco, USA)E 7}3Fe] &1z %

microplate reader (Bio—tek, USA)Z 595 mmollA] T#AEE A9 AX =

qge ARE et ge g 3T g vwse] ey Jor A
Fshelu.

Cell Viability (%) = 100-[(Control ODss — Sample ODs4)/Control ODsg % 100]

..l;
[‘-11::
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3} D A5 A
AWAEZ 3 F5F Harmon and Harp (2001)8] HIH-S- W3

Jo

oflt
Ol

!
At 3T3-L1 ATAEE 10% BCS® 1% P/S7F 7kl DMEM HiA| & o] &3t
o] 6 well cell culture plate (1.6 T3 2.0 x 10° cells/well) ol 7 E3}3L 484 7F
EoF vl %kEle] pre—confluent A7} H =E 3 tE Pre—confluent 2Fejoll A
A5 g o wEsto] 48A417h-E B Ml YFSESItE. Confluent &8l (F3k+%= 04
Aol Al wfFe HaF% wjA] [10% fetal bovine serum (FBS; Gibco, USA),

£
"
09:“,
_O|L

H

196 P/S, 1 M dexamethasone (DEXA.; Sigma, USA), 0.5 uM
3-isobutyl-1- methylxanthine (IBMX; Sigma, USA) @ 5 pg/ml 21& ¥ (Sigma,
USA)o] ¥ DMEM ujA||= w2tste] 293 (3% 2¢A)

Atk AAE Estol] viAE nEaAgy] dEs FEE 2 B35 4%

23817 Ydte] B35 Al (day Ol ZF AN EE w59 (EE FEE: 2

E3lfmufxo] Hrlednt. B3 w 29 So H¥ wjkdS 10% FBS, 1%
P/S 2 5 pg/mé ¢ledo] 39 DMEM wAE w3kslglal, 335 4955
Bi= AE wjokRs et A A3 DMEM HIX| 2 2



aear mEnAEr] oHolAHo|ES S AMP-activated protein kinase
(AMPK) % =1 substrate?l Acetyl Co—A carboxylase (ACC)9] <1Ak3}9} =1 &}
A A EH>e vAE GFE E45k7] fste] AWAxe] E3E vedt 2
o] &ttt Confluent e} (3% 0¥l AXE 10% FBS, 1% P/S, 1
UM DEXA., 05 mM IBMX % 5 pg/m¢ 9ledo] ¥3td DMEM HjA| oA 2¢
3 et 3k 29§ wiAE 10% FBS, 1% P/S 2 5 pg/ml <)
ghef oL, A 2 F (E3aE 44 A) FEHE

R
NEof| A&E w77 29 wr) 109% FBSS 19% P/S7F £3% DMEM H] X2

WA, ESFE 810 Al wjFE& 7|l WIXE A A3}aL phosphate
buffered saline (PBS)Z 2 %3 3 DMEM A= w3sle] FHA e
E T35s

(serum—free stavation) 64]3F 8]<ksE 5 50 pg/mee] ol & olA € o]
AIZEH (0, 1, 3, 6, 12 2 2443 = FEE (1, 5 25 ¥ 50 pg/ml)E 1247+
Fob A sle] AMPK 2 ACCS 214taE 8Hel39)u)

5. Oil-Red O 94

Oil Red O &4 9 A& #2442 Cho 5 (2003)¢] WHo= a3t 3}
FE 7994 B AEXE PBSE 23] AAsta PBSel s4® 3.7% formalin
[37% formaldehyde solution (Sigma, USA) 1/10°0.2 s|A]o 2 1A &<k 14
3 5 Z=R5=2 23 AAHsguh. 283 0il Red O AL isopropanol
(Merck, Germany)® 3213+ 0.6% Oil Red O (Sigma, USA)®} Z=HFE 642
|4 gk & ojaele] Az AHE AEE Oil Red O @4
b A & FHTE 33 AlHsto] AwAstolA AT AAE A A
stk Aekdlr] YslA 4% NP-40 (Amresco, USA)e] ¥3H% isopropanolE 3

Oil Red O ™A &31A121 & micro reader® 520mol A FH=E F4

6. Free Glycerol release A
Free glycerol &= free glycerol reagent kit (Sigma, USA)E A}&38lo] =
Aotk 3T3-L1 A+ ARAMELE S35 Hyel meh 83Uzt vidste] #3)



A7l 5 o dotAlH o E F3 58 4843 &

2
o

=9 (0, 2, 10 ¥ 50 pg/ml)=
23ttt free glycerol =4 AleF 04 miol] vy 5 wE ¥ 1087 37C
ol A ®WF&A]F 3l micro reader® 540 mmoll A FFE=E =43} Free glycerol
Aws el Standard glycerol solution (Sigma, USA)S 0, 4.0625, 8.125,
16.25, 32.5, 65, 130 % 260 pg glycerol/mle] FE=Z ¥HEo] 9 FLsHA wh&
A A AeFskdar, 33 w3 selv

7. RNA #2 9 real-time PCR

real-time PCRE& €3 total RNAYT 235 8UA Mo 48A7tset 5%
W2, 10 2 50 peg/mO)E A3 & AEE F=A3Fe] 2889tk Trizol Reaent
(Invitrogen, USA)E 500 wf #H7Fsle] oA 5-10 3 AXE #4353 &

B2 £7]3 chloroform 100 wE H71ee] A4E8 (12,000 x g, 1565) 31
¥T s Frste] N2 FHE &7|30 %9 isopropanols FH7hske] €
AE2(12,000 x g, 15%)38t] RNAE HAAZHT. HAE RNAE 75% d &&=
3% MAsta AxAZl 3 DEPC AH#g¥ SR/ &8lA71 § nanodrop 2000
spectrometer (Nanodrop, USA)E o] &3l 260 me S#H == =Aslo] A aks)
Sk A260 / A280 mm o] W]Eo] 1.8-22 e e s Zt= RNA A&
DNase (Wako, Japan)E X #3}o] <3 RNAWS £ 3te] g AL&3%
.

cDNAY¥ Maxime RT PreMix Kit (iNtRON Biotechnology, Korea)Z ©]-&3}

}_A

L
>

o] A3 1 pg total RNA® nuclease—free waterE < 20 7} S A tube
of @il 45T 60+, 95TClA 5i3F wkg3te] cDNAE sk & o 7)o 30
9] nuclease—free water® 7}sto] 248k & PCRell AF&3F3At.

Real-time PCRS 5 109 ¢DNA, Zt primers= 04 @0 (10 pmol/L/ul)®, 2 ul
nuclease—free water?t 6 10 iQ™ SYBR® Green Supermix (Bio-rad, USA)E &
$+3t & Peltier thermal cycler (Bio-rad, USA) real time PCR 7]7]& o]-&3}¢]

Fasdth. PCR £31& 95T/20%, 65C/20%, 72TC/30& 238t 493 F3% 319
i Ade 13 59 W et JR3EES S-S 1 29E doled, B

cycleo] &+5 9 % 65CoA 95CT7FA] HH-&Al A primer?] melting curve®

I

M
i



A, Ay #2442 Chromo4 Real-Time PCR Detection System v1.10
(Bio-rad, USA)S ©]83}o] B-actin thH] Ff4 gto =z AFsA ). Real-time
PCReol A AF8-% primer?] 47141498 Table 1.9 YER AT

@ jeju



Table 1. The primer sequences of the genes used in real-time PCR

analysis and the expected size of their PCR products

] Product
Gene Primer Segeunce i
size (bp)
F d 5-CTC AAA GAC CCC AAA A TG-3/
PGC-la o GGA TG=3 157 bp
Reverse 5-CGG TGT CTG TAG TGG CTT GA-3
Forward 5 -ACC CTG AGG CAT CTA TTG ACA-3
CPT-1a 174 bp
Reverse 5 -TGA CAT ACT CCC ACA GAT GGC-3'
F d 5'-GGT AGA TA AG Al AC-3/
UCP? orwar CGG AG C CAG AGC AC-3 172 bp
Reverse 5'-TGA GGT TGG CTT TCA GGA GA-3’
. Forward 5'-AGG CTG TGC TGT CCC TGT AT-3
B-actin 395 bp
Reverse 5 -ACC CAA GAA GGA AGG CTG GA-3

@ jeju



8. Western blot

Wester blot #4318 9zl AE7F Aeld AWAEE PBSE 23] Alx 5 1
mM PMSF, 1 mM NasVO4, 1 mM NaF, 1 pg/m¢ aprotinin, 1 pg/mé pepstatin 1
pe/ml leupeptin 2 10% RIPA lysis buffer (Upstate Biotechnology, USA)E 3%+
F3kal e g 28 A RS o] &3] 1A F<F vortexing 3t E3A1Z1
A4Ee (15000 rpm, 4T, 20:)3te] FFes f5sdith @Ay
Bio-rad protein assay kit (Bio-rad, USA)E A}83}4] micro reader® 595nmell
A FREE 452 Aot 35 opge @WAES 10% (PPARy, C/EBPa,
phospho-AMPK, AMPKa, LKBI1, phospho-LKB1 al B-actin), 6%
(phospho-ACC) 32 15% (aP2) SDS-polyacrylamide gelol| A A7]gd o= &
213 3 poly vinylidene difluoride (PVDF) membrane (Milipore, USA)e| # 9]
(100 V, 1208)A1 Ak @A o] dol¥l PVDF membrane< oA 1A7F &
k5% skim milk ¥= 5% BSAE 3 0.1% Tween 20°] E3hd Tris
buffered saline (TTBS) &<} S = blocking A%l 5, 12} A<k w-3-AZ v},
Wz B8 9] AFgE 12 A= PPARy antibody (1:500, Santa Cruz,
USA), C/EBPa antibody (1:1,000, Santa Cruz, USA), p-AMPK antibody
(1:2,000, Cell Signaling, USA), AMPKa antibody (1:5000, Cell Signaling,
USA), p~ACC antibody (1:1,000, Cell Signaling, USA), LKB1 and p-LKB1
antibody (1:1,000, Santa Cruz, USA), A-FABP antibody (aP2; 1:5,000, Santa
Cruz, USA), B-actin antibody clone AC-74 (1:10,000, Sigma, USA) 5°|¥ 4T

oA F W Fot AT 12 A ¥ES-o] 3 membrane 0.19% TTBS

o

¢

Y

Qoo g MA3  F peroxidase—conjugated® 2z A (Jackson
ImmunoResearch, USA)E 1:2,000, 1:5000 =2 1:10,000.2 3|23l 1A 7ls
b ®k&-3F & TTBSZ AlAsoivy. 7h @mze] wae WEST-ZOL western
blot detection system (iNtRON Biotechology, Korea)Z ¥F&A|AA] X-ray T &
(Ortho CP-G plus; Agfa Gevaert N.V., Belgium)® & 7 %3} t}.

9. Glucose uptake 4}

A&7 AEWZ GEF (glucose uptake)ol] WA= FEFE Loty 9dto]
)=

HZ %A% 2-Deoxy-D glucose (2-DOG)E AF£3}o] glucose uptake #241-S

_10_



AlgsitE Aol AMEE 3T3-L1 ARAEE flolA e IR Zo] 1
well culture plated] ¥3H=E A7l & 8 - 10 Ao g A}
st @ AHAEE dHo] vHIE serum—free WX E 23] A2 s & FU3
A& 1 mt H7bske] 37 CTolA 2-6 A|zF 22 wj<ksiaith ol# A vidd A=
Krebs—-Ringer-Hepes (KRIH) buffer [20 mM Hepes, 136 mM NaCl, 4.7 mM
KCl, 1.25 mM MgSOs, 1.25 mM CaCl, (pH 74012 23] A 3te] wix& A A
3lal L3 bufferd] =<2 AR (2, 10 ¥ 50 pg/ml)E A 7F3te] 1A1zF # st
£ 100 w02 KRH bufferd] 8438k d<&d 100 nM<e A st 2053F v %s

oo
Ol
ol
52
o
T o

jud)
_

(ld

-

K

, 37 MBq 2-deoxy-D-["H]-glucose (Amersham Biosciences, Sweden)<}
mM 2-Deoxy-D-glucose (Sigma, USA)2] &3+&E-S 100 ol FF 557 47
3.7 MBa®t 0.1 mMo] A H7Fste] 2023 sttt widde AAS L &
7} PBSE 33 AAT &, AXUi2 5% 2-DOGE 4& =437 98 1%
Triton X-100 lysis bufferZ 1 m¢ H7}8ke] oF 10837 37TCollA] w3t & A ¥
el HWAeS Liquid  Seintillation Counter (Tri-Carb 2700TR  Packard,

Meriden, CT, USA)E o]&3to] F43I3H

S

ﬂll

10. Al W ROS A

AE Y FANAEL 5-(and-6)-chloromethyl-2',7'~dichlorodihydro fluorecein
diacetate acetyl ester (CM-H2DCFDA; Molecular Probes, Fugene, OR, USA)=
Hwang 5 (2005, 2007)¢] "ol wkg} ROSE HAske] glzolvt. w3
¥ 3T3-L1 AWAXE 01% BSA7} ¥ DMEM Hj Aol 643k &<t 4
ok A]7]ar DMEMel 224 A1zl A& (GEFr, N-acetylcystein)E 72 %
(GEFr; 0, 10 2 50 peg/ml, N-acetylcystein; 5 mM)EZ 12A17F ot 2] & v}
Az A3 & M ¥E3= PBSE 23] A &EaL 3.7% formaldhehyde® 155-7F 314 31

b > :10
=

11. SAA
AP FetrE AR YEHHOH student’s t-testZ oS A
ot
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1. 4 =}

L. RERAHY] dlgds FE529 ATAGAL 23 oA 23

L RERAH7] e FEE (GVE)Y 3T3-L1 AFAWAZe] st A
=

oX
2
4
(ld
_l |
rO
_0|L
N
fie]
_0|L
2
=

Fl

TT £4& Fasiivh 3T3-L1 A 7H A

3T3-L1 AFAHAxZe] F3o] A= GVES 93s &otrr] 9lste] +
= Ao 23FEEZ3 GVE (2, 10, 50 ¥ 100 ug/m)S FA M dpe] ¥
st % Oil Red O fMo 2 AWA4s A& Figure 2A0l A4 W= nf
o o] GVEZF Mud Ao Ae= AWaze] & &40 Aads o
A 4 AATE Oil Red O GAe] A=s AHs d da 2, 10, 50 L 100 ug/
ne TEE GVEE HYT AIdFS AEE HYsHA &2 FAHANET
(100+18.0%)°ll ]3] 106.9+£19.4, 91.3£18.5, 15.6+2.8 & 13.7+0.6%2] < e
ATk (Figure 2B). GVEE 50 pg/mle] w45 3T3-L1 AFXWAxe] #
35 fFodoz A3ttt (Figure 2B). GVEe] ¢]3t defa ol x|z A
A4 BAAHE EAA FEoA Fdskz] gk AAxE £33 dE deA S
-8 Western bloto = 22413130tk GVEE AHElgh 438 oA AWAE &
o5 2AslE A4l AASIRLQl peroxisome proliferator activated receptor Y
(PPARY), CCAAT/enhancer binding protein a (C/EBPa), 1&]al A WA X £3}
ulA Rl fatty acid binding protein (aP2)2] W& o] izl H|& T oE4o

2 g28s gdd 5 dqv (Figure 3)
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Figure 1. The effect of Gracilaria vermiculophylla extract (GVE) on the
proliferation of 3T3-L1 preadipocytes. Preconfluent preadipocytes were
treated with various concentration of GVE (0, 6.25, 125, 25, 50 and 100 pg/ml)
for 48 hours. Cell viability was measured by MTT assy. 0 ug/ml, positive
control (DMSO). (xP < 0.05 compared to positive control)
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Figure 2. The effect of G. vermiculophylla extract (GVE) on lipid
accumulation of 3T3-L1 cells during adipogenesis. 3T1T3-L1 cells were
differentiated in the presence of GVE and MDI differentiation medium from
day O to day 2. Differentiated adipocytes were stained with Oil Red O at day
8. (A) Macroscopic pictures of stained cells. (B) Triglyceride contents. Lipid
accumulation is assessed by the quantification of ODsxp as described in
Materials and Method. MDI, 0.5 mM IBMX, 1 uM DEXA. and 5 pg/m¢ Insulin.
(*P < 0.05 compared to positive control)
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PPAR y 2
PPAR Yy 1

C/EBP a
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B-actin

Figure 3. Western blot analysis of PPARYy, C/EBPa and aP2 in 3T3-L1
cells treated with GVE. 3T3-L1 cells were differentiated for 6 day in the
presence of MDI differentiation medium and GVE. MDI; 0.5 mM IBMX, 1 uM

DEXA. and 5 pg/m{ insulin.
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GVEY A7AAxE £33 A4 &4 AEss FFste #8928 45
fste] GVEE &8st & 7} B8 &9 Y54 MTT #2402 2134
o} S4F (GHEr) 3 o 2ol AH o] ES (GEFr)< 3.125, 6.25, 125, 25 ¥ 50 ug/ml
o] TR ATAHAEe AHsts w, GHFre o5 wxolA Z+2 100£1.2,
99.3+6.7, 104.7+1.0, 109.8+4.3, 1189+1.3 ¥ 133.1+6.6%2] T2 &5, GEFr< 9|
5 XA A7 100£1.0, 117.7#5.0, 119.3+1.2, 1185+2.2, 120.1+1.0 %
120.3£2.3%¢] 2 E-S YHElo] F B 8E LrollA Axsgdo] BEEA &Sk
t} (Figure 4). GHFre A% 125 pg/me] sZoA5E #9429 715 W
(Figure 4A), GEFr< 3. St
v} (Figure 4B). & #38% =%

o] 50 pg/mle s=E Hi A F

pg/me) TR A sl
2 Adrel A= 7+

o AN, 5 opy/mlF-H 2 o] FrolA= wie RibHor Awado
£4g AdAEgE A ATt (Figure 5A). Eg ABAadg HPgdoz FMG
Figure 5B¢] Aol et o] GHFr< 1 pg/mé 28

3 fFojAl AAA A ZAHE UErWS S8 183 GEFre
A1 pg/mee] FEZ A3 AXAyy diEwe] vl Nwiade] FAE&
A A ATt (Figure 6A). ARl ZA A% thxe vl ZE A
oA fFolg o Auwad AHS AATHS geldtltt (Figure 6B). GHFr
3} GEFre] #Aw=4 oAl 248 PPARY, C/EBPa, aP2 @z g J=Fof A
shelelt A3}, GHFre 4% 5 pg/mle == A3k oA (Figure 7A),
GEFre A-¢odes AaE g3 BE FollA duid wdo] istes A0

el et (Figure 7B).
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Figure 4. The effect of G vermiculophylla hexane fraction (GHFr) and
ethyl acetate fraction (GEFr) on the proliferation of 3T3-L1 preadipocytes.
Preconfluent preadipocytes were treated with various concentration of (A) GHEr
and (B) GEFr (0, 3.125, 6.25, 125, 25 and 50 pg/ml) for 48 hours. Cell viahility
was measured by MTT assay. 0 pg/ml; positive control (DMSO). (xP < 0.05

compared to positive control).
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Figure 5. The effect of G. vermiculophylla hexane fraction (GHFr) on
lipid accumulation of 3T3-L1 cells during adipogenesis. 3T3-L1 cells
were differentiated in the presence of GHFr and MDI differentiation medium
from day O to day 2. Differentiated adipocytes were stainde with Oil Red O
at day 8. (A) Macroscopic pictures of stained cells. (B) Triglyceride contents.
Lipid accumulation sas assessed by the quantification of ODsg as described in
Materials and Method. MDI, 0.5 mM IBMX, 1 uM DEXA. and 5 pg/m¢ Insulin.
(*P < 0.05 compared to positive control)
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Figure 6. The effect of G. vermiculophylla ethyl acetate fraction (GEFr)

on lipid accumulation of 3T3-L1 cells during adipogenesis. 3T3-L1 cells

were differentiated in the presence of GEFr and MDI differentiation medium

from day O to day 2. Differentiated adipocytes were stainde with Oil Red O

at day 8. (A) Macroscopic pictures of stained cells. (B) Triglyceride contents.

Lipid accumulation was assessed by the quantification of ODsyp as described

in Materials and Method. MDI, 0.5 mM IBMX., 1 uM DEXA. and 5 pg/ml

Insulin. (*P < 0.05 compared to positive control)

Collection @ jeju

_19_



MDI -+ o+ + o+ +
GHFr - . 1 5 25 50 (pg/me)
PPARY2 — -—— -
PPARY1 —»

— - -
C/IEBPa — *

aP2 —

g

+ +
25 50 (wg/me)

MDI ' + +
GEFr - - 1

o+

PPARY2 —
PPARY1 —

CIEBPa —

aP2 —

B-actin —

Figure 7. Western blot analysis of PPARY, C/EBPa and aP2 in 3T3-L1
cells treated with GHFr GEFr. 3T3-L1 cells were differentiated for 6 day
in the presence of MDI differentiation medium, GHFr and GEFr. MDI; 05
mM IBMX., 1 uM DEXA. and 5 pg/m¢ insulin.
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3. mERA Y] cdotAH 0|

m
M
J

ol
@)
<
2
L
=
B
ug
2
=
N
rir
ol
o

1) AMPK <14Hs = &4

2)

(GEFr)e] AyAx 23 Aol M s st LA

w2 =2] A Y. 4 S8 Eotd XWA ¥ GEFr (50 ug/ml)-S
Aelate] A7 (1, 8, 6, 12 % 24 AXHE AMPK 14h3} Ang 24319
o A A Eol] GEFres A#s & 12412058 AMPK® 2 7]l acetyl
-CoA carboxylase (ACC)7} ¢14b3) war ¢l &8 Felsk 4 Adv} (Figure
8A), TS XA Eo| GEFr& 12A1F 5 w549 (0, 1, 5, 25 2 50 pg/ml)
= AYae B-+% AMPKE QI4tslr & o]E 0w FUIEAeS &9
3ttt (Figure 8B). 18y AMPKY] <1ibslel o &Eo] ACC <A4kst o 4]
5 pg/mb AL FH sE7F g wel Frtsiglov 1 ol e F
(25 2 50 pg/mlelAE o o)A ZF71ekx &kl (Figure 8B).

o

LKB1 <¢l4tetel ROS A4

AMPK®E] #A43%}= upstream AMPK-KinaseZ% ¢#H 7% LKB1el <3
AMPK®] a-subunit®] Thr172 9|22 7]7} Q4ks}l Ho =K o] Fojxrtal
dH A 7] wWEo (Hurley et al; 2003). LKB12] €14+3-E western blot2

ol FsA 3 2 WA xe GEFre 247 0, 1, 5, 256 ¥ 50 ug
/mee] wERE AYd A3 1 pg/mee) F&=olAFH LKB1S] S14kstrt 9] &)
A F7tste AS & & + vt (Figure 9A).

T3k Reactive Oxygen Species (ROS)= AX U] 48ty ~Ef A~z 2&
ol AMPKE 2743 A7) A2 &4 17] wiel, GEFre] ROS A
sH1sholc. ke A A Eel 10, 50 we/me] GEFrg
A3t S W AAEE ROSE DCFH-DA J39A4E Fd Lol A,

T gEFHow ROS7F F713tith (Figure 9B). ZLg]lil ROSY A4 o]
GEFré Agel &gk aAQIAE &8sty flal dqtstAz &Hd N-
acetylcysteine (NAQO)-S &7 A3k 23 ROSS AAlo] HAshs AAE

el mA= FF

[e]

o

il
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AMPK @4d38e Awite] B-atsts Fxdvhal &8x Q7] wiie,
GEFr gl uwha 2wk B-4ksk #d fd2 (CPT-1a, UCP2, PGC-1a)
o] W3S real-time PCR 7| & A3k, CPT-1a UCP2 9 7%
50 pg/mee) HEZ GEFrS X3k oA dizdoz DMSOE A3 o

r
L 2

ujs] mRNAS] WEo] FE G e BAW F AKX (Figure 10 A, B),
ezl oke] Aol Wolshs PGC-la mRNAS 7ol o3¥ g

o] HAE-S &0E F AAY (Figure 100).

4) F &5 (glucose uptake)2t = HE-3 (lipolysis) &3}

AW A Zo A THZ BXH 2-deoxy-D-glucoseE o] 23 glucose uptake
AE-E %3] GEFre] ¥ & (glucose uptake)el w] A= kS 3<13}d ).
89 AWM ¥ GEFre= Z7F 2, 10 9 50 pg/ml®] s== A elst 4
Aded glo] ARE A o, dedd A ARE AT & EFolA

Fol® GRS GBUA ol GEFre AMALE F ol offd 9%
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Figure 8. The effect of GEFr on AMPK and ACC activation in
differentiated 3T3-L1 adipocytes. The 3T3-L1 adipocytes were treated
with GEFr 50 pg/m¢ for indicated time period (0, 1, 3, 6, 12 and 24 hours) (A)

or for 12 hours in indicated concentration (B). UD, undifferentiated control.
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Figure 9. The effects of GEFr on LKBI1 phosphorylation and ROS
generation in 3T1T3-L1 adipocyte. 31T3-L1 adipocytes were treated with
GEFr for the indicated concentration during 12 Thours. (A) The
phosphorylation level of LKB1 was examined by western blotting. (B) Cells
were exposed to GEFr for 12 h and then cells were incubated with 10 uM
DCFH-DA and in the presence or absence of NAC (5 mM). The changing of
fluorescence intensity was measured by microscope (100X). UD,
undifferentiated. The mean values of the results are shown with the SD

(n=3). (+* p < 0.05 and ** p < 0.001 compared to undifferentiated control).
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Figure 10. The effect of GEFr on mRNA expression of fatty acid B
—oxidation related gene. Total RNAs were prepared from 3T3-L1 cells at
day 8. Mature adipocytes were treated with GEFr for 48 hours. The mean
values of the results are shown with the SD (n = 3). The data are shown

representative of three experiments. (*P < 0.05 compared to control)
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Figure 11. The effects of GEFr on 2—Deoxy—D—[3H]glucose uptake and
glycerol release in 3T3-L1 adipocytes. Mature adipocytes were incubated
in 12-well plate for 1 hour with GEFr, and then added 100 nM insulin. After
30 min, cells were assaved for 2-Deoxy-D-["Hlglucose uptake (A). Mature
adipocyte were treated with GEFr at indicated concentrateions for 48 hours
(B). The mean values of the results are shown with the SD (n=3).

(*P < 0.05 compared to negative control or positive control)
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3T3-L1 AFAHAxE F3}9] 74ol= PPARy, C/EBPa, aP2 59 AWAxX
Eo] AARIAe} wuido] FojElal olof wE HHFo A AEo Jewsie}
st ArEAe] AaE 7oA duk (Sams and sul, 1995, Gregoire et al,
F&5E (GVE)2 ®3f=&7 (IBMX, DEXA,

Insulin)¥ FAlol %2398 w 50 pg/mbe) FZolAFE 3T3-L1 AFALAE
of APA xRS F5E BHHOR A on, AWAY R xaE dud
9o oA A HASA AAAAY o] A= mERAHY] FEE] AW
X #shhge) AA oz A&k dARRIAR] PPARy® C/EBPa,] &3 &

=,

LN

]_
Aoz ALAE AE @zl ap2e] Hd GA] iAoz A A
¥o #3F A7 B FERAATE dFs e Aoz sfadr.

GVESY AFAWAE A 28-S ngoz sfe] GVES &4 &
T8 718 £8& AR 95t AL odDolAHOIE, REE, Eo 23}
AA EA& ZAEIAL a8 53 B SolA = WAL oA 49 A
o] uEbYR] 9kar (data not shown), #AE (GHFr)¥ ol EolAHolEZE
(GEFr)oll Al e AR AxEs A @dAdo] d&H At 53] GEFre As: (1
pg/m)ol X 56 A WAl A PPARy, C/EBPa ¥ aP2e] wdS Faao
2 gaAgen, i 23 (GHFDEY o Hojd A4S yehldeh o=

AA g Ao = AEEC] GHFr Bt} GEFrol o o

3 AMPK (AMP-activated protein kinase)i= Al 9] oy 34
of AA A& st TAEAN XTEFY HAH, FikAadA ROS 9 4bst
A ~EY 2 o3 AMPATP Hl&o| F7F3lA ¥ a-subunit®] threonin 172
A7)17F Qatsls ol @3 Avtan BusE v (Hardie D. G, 2007). AMPK9]
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stk dirbEdd 2HEA dddo de AV (&, 25, AW, A7) el
AAEA BEEo] QI (Zhang et al., 2009), o]# 3t B&EAdo| At o
7hA] A gkl A mAE e g ZAEAR Q1AL
U dHolgEEE AWAE #3telA &Ao] 7 Holuvthal #dEE GEFr
S o] &3lo] AMPK signalingo] " A+ GEFre 938 #9133}t GEFr= &
st A WAl Eo A AMPK®] QI4ESHE #5315, oo w& AMPKe| #4
W2 Q) geetyl-CoA carboxylase (ACC)9] Q1Atsl= &Qlak 4= AU o]z 3k 2
= GEFre] AMPK Al3dd 2o #ds = oy gAbAged d3ds vz
ot AR Ahs At webA GEFro]l ojwd HeAsdY ARE F
AMPK?®] Q1485 @43} Al7)=A dotur] A A3 Fhsarh
AMPK®] 9zx4d Qisasss % JAJMAZE 4H7 LKB1F, AMX

i)

U Ca® =9 ## ¥ Ca’/calmodulin- dependent kinase kinase (CaMKK)
7} &#E A Qv (Woods et al., 2005, Woods et al, 2003). T3l AI HAE
(genistein, curcumin, ginsenoside Rh2, epigallocatechin gallate)E= ROSE A}
Aetel Axde]l AW A& oAsa, AMPK Aedg 42 A AMPKS &
Aslo] Aojdttiar LA vl (Hwang et al, 2005, Hwang et al, 2007; Lee
et al., 2009). @&k GEFro] LKB1 ¢14ks} 81 ROSe] Aol ojw et @3Fe
=2 western blot ¥4 3 DCFH-CA H#9 A4S T 39t GEFre 1
pg/mee] FmOAEE foldom LKB1S QAtEE SUMAASET ofyE A
& (10 2 50 pe/ml)el A ROSE A F3 @A S Yl o8 g Aus
kA Hwang 5 (2005, 2007)3 Lee 5 (2009)2] Mo} f-AFSH A3E el o
genistein, ginsenoside Rh2, curcumin 5% Z3}X ¥ GEFr 9*] fAFsk €4S
FSEh

st HW L 7]1HEQD ACCPE 914tbsl Hof E2dst H7] ol
Ay dAHSZ  Malonyl-CoAel FE7F #HAT AL carnitine

AT e Ao
AMPK7} €4

)2 g4

e

palmitoyltransferase-1 (CPT-1)¢] &/do] ZF7tdtt (Merrill et al., 1997). X%
A AR E 2 - S 249 CPT-12 acyl Co-AE acylcamitinee. 2 dggro g
A long—chain fatty acid’7} RlEZ=gol 28 F3 @ukE= AS #ufsth
= A=A g

=

(Hao et al., 2010). ©]°] GEFro] CPT-1 mRNA¢°| ojw3

(
o
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18t A3 GEFr< 50 pg/mie] ¥ %olA CPT-1 mRNA 2&& Z7FA#H ) o]
= GEFro] AMPKe] &A4stet g7 Aukibe] B-Ats s £33 288 o2 A
o2 ARHE Ao,

, 2010).

2
N L
=
8
S
8

|
Uncoupling proteins (UCPs)&= "] EFZ=2o}e] g
S Tl oluA Aol Folsh=E dwA R XA @e UCPli= &

F A5t thermogenesis

WA A Wz A o] s UCP27F 2 ks thAl 3t} (Fleury et al, 1997). GEFr&
Agstel UCP28] mRNA && 21 Ax A5E A2g oA Fo4olA
= kgkot} UCP2 mRNA @3-S Z7hA7)= Ao = Mol GEFre AX U9
oA anje] polgt Aoz Abm L)

TS v EF=gote] Ve A A #EE HdAIA coactivatorgl PGC-la

ot

= AAaXExA A AR 7 59 ZA A mitochondrial biogenesis <}
oxidative metabolismE ZA3riar e glvh. PGC-lao] 93k wEF =g o}
o A= AMPKe &AsHEwE olyg} CaMKK ), Nitric Oxide (NO) ¥
cAMP-responsive element binding protein (CREB) ©] 3o &= B33 1A o)
o} (Wu et al, 2002; Nisoli et al, 2003; Renznick et al., 2006). & <79 A
GEFr<: PGC-la mRNA¢®] @de F2A7l= Zds dHed oA
AMPK®] QI4Est o] 9joll &, A2 oA HE Az A #ojsi= H3h4 &4
of 7118k Ao® Atrdrh 53 AX ol NO F7h= PGC-1a9] 2d S %
etttz ¥arso] ¢lar (Nisoli et al, 2003), Dang 5(2008)2] H Lo A& #E
7= FE5=0] NO &7158 T34 a8 7Inal sl o2&
Fol & w PGC-1a®] &d A= GEFrel g NO9| A4 A3 &4

of 71lgtttar ALE =Y PGC-1ag] Lo #siA e o] A7 desivta A7)

>~

AMPKE] A3+ ded ngE4del o 45 S7H4)7]13L (Kahn et al,
2004; Merrill et al., 1997; Yamaguchi et al., 2005), AHEsE 7A2A7Ith
(Daval et al. 2005). ¥ Y GEFr< AX W29 & FFos T3 938 1
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#= YePHRATE o] AL AMPKe| 23k HSL2 Serb65 77| 214k3}¢} protein
kinase A (PKA)l 2]k Ser660%t7] {148} Alole] HAA Ao 23t A=z
A 4 glA|uk oo e KA ATrt A3 biguanide A HicH

A2 A9 metformine: AW A A AWEHE T7FA 7L S AGS

d

d

AA s, AMPKe &435 w3 ded Udds S7A7Ivar &84 Qv
(Lenhard et al., 1997, Zhou et al., 2001; Ciaraldi et al, 2002). W&}4 GEFr=

i)

58 metformind FASE 248 Y Aoz 7Yy HAEY £ ¢ 2§

el te F5Ael AT Bosiriy A
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