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Effects of dietary Gelidium elegans extract on fat metabolism in preadipocyte cell and
mice fed a high-fat diet
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Abstract

We investigated the anti-obesity effect of Gelidium
elegans extract (GE) on 3T3-L1 preadipocytes and a
high-fat-diet (HFD)-induced mouse model. The re-
sults of the present study demonstrated that GE pre-
vents weight gain induced by a high-fat diet (HFD) by
modulating the adenosine monophosphate-activated
protein kinase (AMPK)-PR domain-containing 16
(PRDM16)-uncoupling protein-1 (UCP-1) pathway in
a mice model. Moreover, in vitro results show that GE
suppressed adipocyte differentiation by modulating ad-
ipogenic regulators, stimulated lipolysis by activating
ATGL, and inhibited adipogenesis by downregulating

various enzymes associated with triglyceride synthesis.

* Corresponding author: Hee-Chul Chung

GE was also found to upregulate AMPK phosphoryla-
tion as well as the expression of UCP1 and PRDM16
proteins, leading to measurable changes in the beige-
like phenotype differentiation of 3T3-L1 cells. Taken
together, these findings suggest the role of GE as a func-
tional food ingredient extracted from Gelidium elegans

to increase energy expenditure and anti-obesity efficacy.
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expenditure, adenosine monophosphate-activated pro-

tein kinase
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B ABISAE AL o AR AFsl,
2018 A BAJAFE 7]FEO0 2 2% 522191909
b Ao AASHATHAE oo B,
2019). A7 A Bl Aol F83 7154 U
R RS AMgStel 2010 AE Al ofukxgt
2 BHow A% 7HEE AES W, 7154 U
Role TAE 7154 Amet AEARH 7)5A
AR Lo THAE o oREAA, 2016). o]
2, % iAol HE Aol okl PELh 4R
ofujsict, A 715 AR AR
of o]n] SAI=e] Qi 7154 AR FA
AR Ax7E, 14, HEAE 2
A%, Wwe] Qg i 57} 4% glo]
23 AEN A gl Az BT 5 Uk
ofujsich. whel, MY 7154 daet
SAERA FAEo) AR 92, AFelop
Aol AEHoR WER QAT YR A
29] oA, 715 A, /1% 4 § B2o B
25 Azdtel B FH B2 BE B /1%
X URE QAL wolopat 2 AEel Mg 4
ol RE JuRCHCAIA, 2020). olefat 774
o ofsf, YEHO 2 WS 2UAYA, 1
A% AR WA PrFo] F2 AMgEE
shel, EelAY ARt AU EE 5Y4L o
7 55 a4 girk. 7199 YAl BAp
Aol 714, A U REBLE AT Austol
2 Anke AW HE 7)1sA EATE 7R
wo] Anlak AIFE A 5 uAY ZwolA £
3 AE HE 4 QA HEE Ak A7z
3} hfh AR H -2 ARl ek el
3 YR F5e) HBE 710l e,
AR A7) FHWHOKE 20169 7202 27
3} A% A7} 199] Holx, o] F 6.59] ol v]
Bkl A0 FAYTE Hlgk s A &H 0
7Vt o] SAA] H11 glom, Hgko. gldte] 4]
ZH: olmHg Z3 A8A A2 HI8E 715}
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A20] 2016\ 712 112 4,679 Qo Sete(al

AZEE, 2018). WS A Aele] AZAre] &
A7t obd Al8)4 EA|2E e gl Zo] @
Alofek. AR grat Tes] v Aol ZHe
ofut, wABtH 0 & w9 Faghe, Wi NS =
e Tt AR Z2o] vette ACE i
AT ] Wefol 4 AlAPHol 7] ielct. That
3 goleta sk vlekEY AEge 5 4dE
o 7 4% Ze)r] 4 dgow Aol A
S =]

rid

Agto A7 o] Aol oj2= ofF) o
g zAlso B Aol o s, Sypge 1 7|20
24 the 7] syl Hrlgl, Webabo), ala
B2, nEe, 1 ZAAY So] FubEs Z4bo
2 1 FAol BE U} Qg Aatiol
At gick. A AR 30 Joka ol st
ol1L, QIA|e] W= 4 AJHolAt F a3 Aekelo]
WA Fe 2Ho| Aol E S HhEA
Qlolof sl BAo| g, BAl- HepEy A=
Zoyo] T REo] FEat A 2K o Qla] WAl
stehe Moz oljat 7o) AL a7l A
o] % Aze] A% S0 BsAolt}, o]t T
HolA B, A7 5AE 7154 Fhelae] ol
A AR o] B9 B 4 Qe V)5 2
7l B 220 olulA B BHog sl A%
SAEY MY HRo] Bkels A Fad 7%
3 % spuela & 4 9k ol whelals, 20184
IR 75 AR g Bz glo]
A AR 2 gaSe] 91EEe 2 714 o m(
AEoloHEbA T 1Y), 2018), 0|5 YR AL
3 HE AR a AT SHEARE 20189
AV 7702 oF 1294012) ;g A8} 9]
on], Aol TSI 2 u), sTaelglos
Re}7)so] ofo} 7+ A%} 3 2919] AT
A8k QATH(AlEelekEgkA A, 2019). T3
AR 24 7154 QRES Awrd, 14
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ZFeAD, 8|2 EAFE] 58, Lactobacillus
gasseri BNR17, Q}A =W EX225, IHA Y]
Hl 55, r/\b—}i% Z99E, L-7124d B

EQ]O] _%_7%];2&

E FZEH T=
o S AAAE MR So Fo fis
A AREE]AL QITH(A]E o eFEQPE A, 2016). A|A]

¥ s APISHEAE 229 N8 Pl

o] a5H QAT At avt B o A A
e EAgIc). weba, A 23S SlalA
= 85 9 #gr|Ho] e o s ASH YR Ty
Hro] Xj&x 02 o]Fojxfof & Ao & AY7Zher].
AR 4 7154 dEwa opyet o2 754
S Z3lele] 7154 °an§94 Azl AME-E=
Has Be dues i o=4tos 3 A
ARFYS o] 83t 71%*3 U7 Jfdte] RZal e
/éz%o]r,]- H 01:[L7<] © /\%z‘sﬂ ﬂ:,L%— %ﬁ‘ﬂ %LH 73;1_
A g AL &g SHOA, I A HHE =
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Sl R 49%o] thel FET Ak, S5
ol A 5 e g daissc ¢
7 9] & % Gelidium elegans T=+= Gelidium

amansii® SZ50| &35l= |27 Y=o ) =+
W A OH-’—‘IT Aol 30% H=5 AFAISHL QL
o), AR SRoLAEe) 90%7) AR A
FLofA AL ST = ofEaliade] sz
F2A RO oL FolA T2 A4S, o]
Az 3 9 Glke] ufsHs 20~30 m ol
ufslel ol At o, vl victel waky vjet
of ®efjz Hof glom, 9] AFo] FE=
o AR S5kl BlRe] Aige] Hlo] 3
ol Tl ZE dobA] RAZIE AHiiar Als|H
7L, S A 2R Al A4 F=ol
A Az AREste] 9hthhttps://ko.wikipedia.
org/wiki/S-F-7FAke]). SHE o el Ao| sk
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e 7)ol sl Auf R At ghet

MY XIETAL

A A ERE Aoz 4ES
AFHEAY 7t SollA] HHE Ao R, 37 =
W3 AR T 4 e, s
4]0 Z2)of| A7 =] o] Q= AW Wobe A
o 87} HE] g Afolol] AElo] 9l 4
stkct, E=5F EE 2| (abdominal fat)-2 E-50]
A} TS S, BAsH o
gt A2 WA o] th(4] 9]¢ %OJ;L-Q 71,
2019). Ay ?<l‘:’P chAtell Thel AR, A
ek A2 oA A4t &2 & ’5HE]521
7 A zof| A ThA] Ao= M E &, A&
=2 (chylomicron) FEj= Y Yol A &=3ts}c}rT,
lipoprotein lipase (LPL)2}= St |HME3)] § 40
9/]—5,—]1 x]lﬂ]—A]—Oi E‘—SH% _?;r_ Z]tﬂ- xx] oz %?:}5]
o] ZAFE T} FEol 7F XX o0 2% 99lr]o] of %]
Aol ARGE AV ThA] Ao g2 P Eo] 4
ot 7oA T A2 =AU E Xl (very
low—density lipoprotein, VLDL)2] Hej2 dHo g
HjE = o] =2kstal thA] LPLe|| ol A4ke =
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wo] ZAEr} TEYE 7tog §98E = oy

A oAbl AFEEIAL ThA] Ao S Ele] &
M} 2, Ao Fol ol 8t A, Axn|a
20U} VLDL B2 w8ksirir} 1k, 28, Az
Hog 5] Ao B LPLo 2ja) Auiko
2§ %, 7} 210z golEnk 2ela, Aot
2% Sof olg "o ) ZEgo| 7o o5 &
H)7h 25 ol=dae 5o B2E o) A

W 2] ZHEo] Gt YRS 52T g
AW & 4~ (hormone sensitive lipase, HSL)oj| 2]
aff A A} FEAlER JalEo] Tholu 508
ol-g3to] of 2] TAtol] ARGE AL T ThA] AR
© & 7| E gk Tt APYRA AA
o] F3t= Qlste] vlthalf A=, A" A+ Al 227}

peroxisome proliferator—activated receptor (PPAR)y,

o

sterol regulatory element—binding protein (SREBP)1,
CCAAT-enhancer—binding protein (C/EBP)a, B %
o] ksl sl APAlER Eofstal ARAto]
U= Ao =AM AY-50] HHs]
A AR R A A Hrh(AFe] ok
H7HY, 2019).

LM FE2Y XUERH 9H R XYHME 2%
AXN| 23(in vitro)

SR FEES SETHAE(Gelidium el-
egans)s VA RZ olo] 4 W A4 &5, AX
AL E3)] A=ty 2™(Choi 5, 2016), A FAJE
0] &5 A H|=(fucosterol)o] 2F 0.18% 3H4-% HZ
ot AmE ARSSETh A HtA 241 3T3-L1
NZE ol&ste] 7 552 AW Alx
of o] A FAof gt YF= AESIoH Oil
Red O MRS &-gsto] AW 4 A= 574
skith 1 A3, S5 FEES 1259 25
ng/mLe] FEE A2 gt 1FoA sk JEX O R
A F40] fasts AR YEHTh Eoth 95
7t FEE2 AAIE B3 £X Q1AHES] ¢/
EBPa 4 PPARy®| THall 2 HIel-S AA|6l= A0 &2

o

.

=
24, AHPA|E 53} 9 2|H)F 2712
2 3}el¥| 9 th(Choi 5, 2016).

QRN FESY AYWeF 42 R XY X
8M(in vitro)

SREBP-1-2 AW} A LO] A A= o] &
sk FAsk= At SAlo| SR A
WE o509 AR IS 2dshe F48A
F 3ol S8 JEE sl AARIAtoItHAI R
oFZobdE 7FY, 2019). E3L, lysophosphatidic
acid acyltransferase—0 (LPAAT0)¥} Diacylglycerol
acyltransferase 1 (DGAT1)+= A|WPAlo] Eg]Ze]A|
2to] E(triglyceride, TG) 2 33 == 2ol 2H8-5}
= a4 2(Korbes 5, 2016), 274 2559
ol& Aol et P HES A, AL
2] 55 12,57 25 pg/mL A gTLof A TG gHol
s o AR, A 8 2 A AE 2
stef A QIX}Q1 SREBP-1 9 25} 9H/dof oAt
H 8459 LPAATO U DGAT19] thd2l di& o]
AA = At oAt At o, ST &
o] A Aol Bofdh= A W HARRIAY]
e AR =AM A S AAlshs Ao o
o1 %] tHChoi £, 2016).

1o o

LR FE2Y AP U R AYHE 29
oAX| ZKin vitro)

Adipose triglyceride lipase (ATGL)-& F=2 A%
Z 2|4 Zd3tE]o] FAdA S diglyceride (DG)
o 2] APAte ® Hofshs Aam AN Eef 2
o WHE FH 5 F shfo (A F o oFEE
Ag7hed, 2019). 57| &5 ATGLE]
de FroEHoR S o mMA A ) it

4e EA5H: Ao Uehdth ER STk}
o 2ERE AUAE 2o} oy 2EARelR} ¢/
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EBPBO] AF¢] ¢lxt& <2 C/EBP homologous
protein(CHOP)102] &8 =21A)7| 11, C/EBPRY]
U AA|AZ S =M A A 32 535} oA &)
W2 EI8HHH(Choi 5, 2016).

SRR FEEY ZMXNT MEYG FZU "H(in

vitro)

Lipinl-2 Z[9A|| 22 £3}0] 27] GAlof|A F8a
gt TS b, FAAY 4 2ol A phos-
phatidic acid (PA)S DGZ Z3}FA]7]%= phosphati-
date phosphatase (PAP)Q} -2 7|52 3= Zl o
2 o}#] 7] 9JtH(Chen 5, 2015). T3} 1| EZE g
of Yubofl &£2)3}= uncoupling protein (UCP)+=
AFs}A Q1 ALESEO] 114 of A adenosine triphosphate
(ATP)E AY/JotA] ¢kl H-& LAY E S Sf= T
WA RZ YA avE FXok=s AoE dHA
¢l o™, PR Domain Containing 16 (PRDM16)-2
2N 293 A A 7] AL o | 2] AR FX15)=
28 Ao g AN = TR A 9l
th 27 259 ol A=l et 9
¥ AES 23, 57k FFE0] Lipinl
o] Wdl-& A5kl PRDMI6 2 UCP1S] Hd-&
SR = Aoz YA, HolA] ®e A4

W A|azof| A A= CO, AJ4te] 717t &
=it olyst At ST FEE0]
3T3-L1 A% A-FAEZo] QlojA] wlo]x] ZHA
e} -2 B4 0RO HiBkE SRS AlARRE
tHChoi 5, 2016).

LRI FEEY HF R HAY T2 AH(FEAY)

Q7] 2EE0] AR Alol(high—fat diet,
HFD)o|| oJaff F-=¥ H|Fh npe-2of ol JFE5
XA Ash] sk, 53] ICR nhe-AE
1 27 M A7 T A AJo]E Fofat chow diet
=, 1A% Aol Hofet HFD 3} HFDSH 957}
Al &= 50 E= 200 mykg/dayS - Fol

e b Ao]Z A]FTh chow diet@} H] a5}
< o A5 9 A A o] @A F7Fskt. 57t
At 2= Folatoll A HEDO ogt Al 2 A A]
o] F7PF A=l o, 5 XA s,
high—density lipoprotein (HDL) Z&|AH| 22 Z7}
Sk 202 1= YltH(Choi 5, 2017).

Xl
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Q2T 539 XY A L Xy
THESAY)

I

A F=9 7 24 WellA SREBP-1, fatty
acid synthase (FAS), DGAT1, 3-hydroxy—3—meth-
yl—glutaryl-coenzyme A (HMG—CoA) reductase2]
o] HFD «- ot 57k 555 501
200 mg/kg/dayE - Folgt FolA FE oE
Aog fadhs duE 2o, 53], 57t
Alg] 325 200 mg/kg/dayol| A= chow diet 75
= 22 HEEE Ut ioh 3, phosphory-
lated AMP-activated protein kinase (p—AMPK)
/ AMP-activated protein kinase (AMPK) %
PRDM169] W&l gfo] HFD-H o} 9-527kAke] 5=
SE& FoIg woA Bk oEA 2 S5k
ANE Hilow, 53], 7 FEE 200
mg/kg/day Fogt Lol 4] =2 HATS ek
ATh HED 2} vlwslgle of 527k =&
=& 507} 200 mg/ke/day S FA G ol A 2t =
2l W TG o] 45131 HFDoJ o3k A
7b o] AAS] skt ol Bt Avte &
, 7] F2EEE AW A E ZE A
e oAlskaL, A &l A ol |J A A
Z25h= A o2 AFRE HChoi 5, 2017).

T =%

AN

LM FEE2Y o4 Gif £ ZIHFESAY)

ST FEE 501 200 mg/kg/dayE Fo
9L w, 7 2dF 2204 p-AMPK/AMPK
4 PRDM16, UCP-18] Tl 4] viesFo] HFD+-H



& cP1
A
@ PROM16 —>|
glucose P PQV ol 4
PRt (B b B
FAT S HSLp, /\ C/@LQ T
=3 wstp Al & M T oo

MG +—~ DG +—FAT(TG) (JKW Ja— —r

" Fat(re)

Sle—s
oeat-2! Lipin1  LPaaT /
DG +—PA «— LPA <-— FA

L A
S J

o} $R7pAte] &8 503} 200 my/kg/day S &
oJal FoA] EE oEAHOT Zylel AN B
Fom, £3] 200 mg/kg/dayof A =& l‘ﬂj_l-aﬂal:.__ 1,}

EHHO*DP olglgt Atz & uf, SR =&
= A ZHof| §lojA oYX AR "11*1%‘.2
ixﬁ A 54 AAIsk= A2 YERGTHChoi
=, 2017).
ORI FEE9 FZ 10 1™
210K eF o), 5T 5= AA]
Ll 7*5: 7158 #8712 of| 7R = =5
Heh A §A, ST FEES A
B3l Cﬂxﬂ °1z}e] CHOP102] ¥rd-2 =X]35)a1,
AubA| 2 B3l =2 91Zel C/EBPu, C/EBP,
SREBP-1 4l PPARy2] &S A5t o 24 X
WAL HEE gAsls Ao AlrEt T
A, 7] FEE-2 AHA| 220 A] ATGL
_4 l:ﬂ-‘é‘:]_‘_l _7,:1] ol-oiyq ZXJE] ;(]I:IOT‘QJ _H‘,__a]]%_%
o= Ao = AtmE ot Al w4, S22 &
A 7A o] o= LPAATO, Lipinl, DGAT1 %!
FASO| &S AAIste =4 2 eHdS A5t
= A= AtREch Y HA, AH 2 oy 2] of
AL =9 24 291&}2] AMPK @] phosphorylation
< 2/J3}skal PRDMI63} UCP-19] &S =

Invitro 3 52X A5 ol = A s

ARl TR FEE A A4 71sel
dfal A A, SR Sdgo] A 4
o] FEAIRNA Al L AAY S+ A 7]l
9158 selstgith LE7 A &S C/EBPa,
B, SREPB-1, PPARy 5 A|®A|3Z E3} &7 QIx;
=9 2 AABIRAL, AAE 23 oA =4
QIzk2 &2l CHOP109] Hale ZXAZHh &
3 97HIE] 38 AGTLE] Walg ZAske.
2H AR £ avs yehilar, SRR
9] oA A o] Iofsh= LPAATO, Lipinl, DGATI
T FASO] WS olA|staon, AHF 9 oz
oiAke] 2 A 21xF2]l AMPK phosphorylation,
PRDM16 % UCP-19] W&S Z71513Ic}. wheba]

FE7MARE FEES AW th‘o* tiAbell oA, A
e W A 23 AAlskaL, ARl B
ANA drE Fxlok= 2871z AR &
A 7158 2= Ao g g E) o]y3 Aute B
o, S WA S AP SR 2EEL A
W AR d ARl Rlol A BhekRt 2871 E Sl ¢
T AARY 4 7= WER AL Qo] AR 2
2 A77)1 523 Koo A 9-83F Al a2 o] 8
S e Flo.R AZHETh Yot B AT B8

_4

A oA &7 kA e 2E&50 dy 24 U 0%
2 A4 AN ke gelgt vl 9lo] ARSI
o] T el BR X]HP W ol&El AFA A

;gsqﬁ— B 7O 4 gl AARA 0] 7Hs Aol
AL, 35 A 9 ool 2 487)

A A AR 4B Ay, el @
A B AR A f 2ol B b %‘UP
20Y 20w Angt olF A 24
2, AETE 44T % A5 AE U
W B4 5 Holold 5851 o8 4 2
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