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Moisturizing Effect of Jellyfish Collagen Extract
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2 o B A= s 2RE FEl FEES ARIAL, old Ug By §9E SASHT By 89
+ caspase 14 24, filaggrin, hyaluronan synthase—3 (HAS— 3), aquaporin—3 (AQP—3) ¥ desmo—
collin (DSC)& =439t} 1 23 caspase 14 mRNA &8 B EA 9l retinoic acid (RA) &} A3 &
ZE Yepitt. a3 S FE2E2 20 mg/mLe] F=AdA 47 211.7%, 139.9%, 212.5% 2 116.8%2
filaggrin, HAS—3, AQP—3 % DSC ¥&d 5715 Yeldllth. whebA], B AFolA sjate] b F282 B
29E Ze SR F —/EZHEHJI M 7ol & ALE 7|E = Uth

Abstract: In this study, we investigated the moisturizing effects of collagen extract from jellyfish. The mositurizing ef-
fects were measured by the caspase 14 expression, filaggrin, hyaluronan synthase-3 (HAS-3), aquaporin-3 (AQP-3) and
desmocollin (DSC). As a results, effect of caspase 14 mRNA expression of collagen extract are similar to that of retinoic
acid (RA) which is a reference control. And the collagen extract showed inhibitory of filaggrin, HAS-3, AQP-3 and
DSC mRNA expression of 211.7%, 139.9%, 212.5% and 116.8% respectively, at the concentration of 2%. Therefore,
our study suggested that jellyfish collagen extract has considerable potential as a cosmetics ingredient with moisturizing
effect.
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EHkerythema), F-F(edema)’} 22 ASS FE3HH,
QAA A 7V E3HA| A WA sh= 202, ARk
< A 220 e d A8, st =4, Al
5o 7183 WE 7P = gl vheld w1
g2 F9E Heta At 71de]l My
[6,7]. WebAM, AR5 AR} S PR B
fFretAY 58t 399 FAAIZ 7100 T

a3,

L

L
o~
T

HARFAAE filaggrin©] sl = o] A H ofv| =
At T giAMEE FAAEN, offddl A4F FUIY R
5 Z3HETHS8,9]. Filaggrin profilaggrin &2 5-&] 344
o] H&H, oA %3] HHFolA A H HIZA
g B840 HHE AR, x99 Zdg 4 57t
of ofsf ZXH= g@elksl Bl whilx] Zefj Ay o

o] GAE AHA filaggrinS =2 HAFAT) =3 filag-
grin> ZPAZ 08 WEEo| MEZE4S e ker-
atin filamets$} 23}l transglutaminase (TGMs)oll 2]
St WA % peptidylarginine deiminase-3 (PAD3)ell
gt Wy HA S Fste] szt o] F caspase 14
5o o &3l Easol ol fElotv|inite s XS
EallEo] AARFAAZA 7]5-& Fo10]. 9] A
A oAkl 40% o)/ Al Al(sericine), =74
(glycine)®] ZFA|3FAL =H, ol ZHIANA 8 HA
BFRIAEA #2919 8 f§A 715S SH11,12].
TR filaggrind} AR FAALS] opm| it Ao
A2 filaggrin®] AR FAALS] ofw| i ike] FUSH
THAEN RS SIS TH13,14]. Filaggrin®] =2
HIZ83 2R w e o] P& s, ofn| it o
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749 AHARE Tk AT AZEE(in-
termediate filament cytoskeleton)ol] L= o], AZZ 3}
oA QFAR] 7|AA AFo 2R E4EHA RS
Boste 98-S gtk o] AjAle F&7F Aarsty
g B F FAE 9 FEsh A7|He & f
Aol T3 &S st doi15-17]. 2FA= AA
v 27878 MEZ W FHplaque)T MEE Aol 2]
FO(core) 2 T/3H EAZARI FEHE Hlth A3}
Hog BEAsRA B 47kx] dwjo g FojE 47}
A geilo g FAAE glom, a3 RS BHA
ol = plakoglobin¥} desmoplakin 5-©] 131, Fojo=
desmoglein®} desmocollin (DSC) 5-°] AT} DSC °}¥
22 3FH7F €¥1A 20, DSC 13} 32 F2 3] 7o
FEx3ka o, DSC 2& o o &= AfskaL
ool A 18]

Glycosaminoglycan (GAG)2] ¥&<! hyaluronic acid
HA)= =23, detz=els g7 v4 3o 824 7k
ol hE 5ol Al =3 AFstd As FAsH

ZA]

a~=

= Aol o] IR FE FX 0 T3 ITS s
A BFAZ dEA 19,20 HA= %2 S7}
of wet T FoA FAaET AL AV =23 &
< 34 gl oM E FAEH Faks Be s
2 A QJr} o]#3 HAY Zas v FE 3
o] ZHae} 3 wgeo] kA, A {5 FY
Aoz d#A Aot mEkA HAS 43S FE35HA

U B812 dAsks Bl vR By w3l iAo
a3} o|H, E3] hyaluronic acid synthase (HAS) %

HAS-29} HAS-32 HA &40 Z2AZAA 98 =

ZAoR A o, HZ HASY 1A Id F7t
£ &l HAS] A4kEs F2IA7)23) sk A7 &3
SHA| o] Fof A AL TH21,22].
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53kA 0}51 ATk wEbA, AR ROk B dA A
of & Y35l A+ sfiute] o] ARk OMF/}, -
&X}z«l L“A <l %% HPOPOH gk A
Aol A
vg] Zepl %%, *ﬁ‘%
[26-28]. -
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22 7)ol ¥
o] E‘r‘”’éﬂr lfﬁ ER 741@. e
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SATH30].
2 A7 g 2RE 34F 2249 Fa4
Tt iAol TFeAE 818k 915t
Zeh FE2ES Az, 1 e FEEERE
5 895 YolruA 3t

—ro} FAE
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2, M3 Y
21 M=
Sotels (PFRANA TUSAT, ALl A

St & A vhfste] Aol AH8-3sh] 7‘477]'11 -80 C
Ws o) B3I

sl Zepl F2Eo AEHL 98 A
Biotech CE Trial Kit, 100-500 Dal-> Spectrum lab-
oratories, Inc (USA)A TU3H L™, PCRS

TC-96G/H(b)B (Hangzhou bioer Technology co., LTD,
CHINAYZ 2390t} 187 B719% & opje=
A £24-& DGS-200D (Z& ol ], KOREA)<= AR8-3f
o BHE SRISHATE AP AFE-E MESF human
keratinocyte cell line (HaCaT cell line)<> ATCC (USA)°l
A TYSIEoR, O we] Aok SFAE Agal
At

=59 g 59 155

2 2 oII:IHk-||=l H A

[E e JELERE S |

2t 24k , ThEe
Kjeldahl"] 712|311 ©3}&E-2 phenol-F4HH 0.2 =73
skt

2.3, ofo|=At EM

sfute] Sl FEEY o4k AR 10 mgs
33t ampouleo] €3 6 N HCI 2.0 mLE 7}5}]
110 CollA 24 h 7FFEafsiitt. o] 7tEsids
glass filter2 33} 74¢F AZske] HCIE A|ASH
3, ofuizgt 254718 loading buffer (Na™ form,
pH 2.2)E 25 mLEA| B3Itk o] T YA EFS 35t
o opw| 4t A-E-E-47](Hitachi, Japan)Z #-438}%] T,

24, 3 &4
slute] Fepll FE2E2 B2 HS0.0 AT &
1 MZ 3]43t 100 ColA] 2 h 30 min &% AAISHA
o} 283 TATL NaBH,Z 33l opx e 3}at9]
13]- Alditol acetates®] &2 gas chromatography (GC)
A8t GC] 41L& Restek Rtx 225WCOT
column (15 m x 0.32 mm ID; 0.25 x4 film)o] =¥
CarloErba Vega GCE ©|-83td 5322773 90 C
(1 min), 90 — 150 C (45 C/min), 150 C (1 min), 150
— 210 C (2 C/min), 210 C (1.5 min) .2 2 A&}
o 7Y S 2 peak®] WA BIe} 49 alditol
acetate®] EAFOZHE] ALHE mol%=FE ug/mg
© 2 3kl Th Tronic acids®] g &2 HA4Z] HlH O
2 A8k & ANEE 204 3 h Bt HyS040
HESE & 1 M H,S0,2 845k 100 CollA 1 h &3l
3FA T

2.5, shmtz| Szt FE=2| M=
vk sfale]oll 0.2% NaClg 713k T2 4 CollA
oF wwHk3k ? A Eelol ot A4 A&
o gHE-S 718t 4 TollA 3t
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Table 1. The Primers for PCR Analysis
Name Sequence
Filaggrin Forward: 5’-GATGACCCAGACACTGCTGA-3’
Reverse: 5>-TGGTTTTGCTCTGATGCTTG-3’
Forward: 5’-CTTTGGTGACACACAGTATTAG-3’
Caspase 14
Reverse: 5’-ATCACCTGGCCCTTTATTGTC-3’
Forward: 5’-ACTGCCTTCAAGGCCCTTGG-3’
HAS=3 Reverse: 5’-AATGTTCCAGATGCGGCCAC-3’
Forward: 5’-TGACCTTCGCAATGTGCTTC-3’
AQPS3 Reverse: 5’-TGAAGAGGCGAGGTCCAAAGT-3’
DSC Forward: 5’-AGTGTGAGTTTGTTCATCACAGGTC-3’
Reverse: 5’-CCATGGCCTCACAGCCTTTA-3’
GAPDH Forward: 5’-CTCTGCTCCTCCCTGTTCT-3’
Reverse: 5’-CTTGACTGTGCCGTTGAACT-3’

2.6, M|Z H{QF

HaCaT A|3E+= 10%2] fetal bovine serum (FBS,
Gibco, USA)2} 100 U/mL9] streptomycin, 100 U/mL<]
penicillin & Al (Giboco, USA)7} E &= Dulbeco’s
modified Eagle’s medium (DMEM, Gibco, USA)H|A| &
AHE3EA 5% CO, QIFFHlolE oA vl a3t

2.7. MTT Assay

A EL =542 3-(4,5-dimethythazo-2-yl)-2,5-dipheny-
tetrazolium bromide (MTT, Sigma Chemical Co., USA)
AoFS o] g3te] M AEES 3= WHS |
733ke] =AY th HaCaT AlEE 1 x 10° cells/well
EEE 96-well plateol] 3 & 2} wellol]l AIEE A
gate] w7137 T, 5% COy)lA 24 h kst
5 ug/mLe] MTT €945 3+ well F 100 xL2 7}kl
4 h ¥ microplate reader (BIO TEK Instruments, USA)Z
565 nmollX FFE=E SA3HATH
2.8. RT-PCR

6-well HiFg ZZo]Eo) 5 x 10°7]2] HaCaT A|E
E vkl oA 21 24 h vjdsE Fofl A5 E A
2]} 16 h W3 HaCaT MEZE 4835F] RNA easy
mini kit (Qiagen, USA)E ©]&3}4 RNA F&3 3,
PrimeScrpit RT-PCR kit (Takara, Japan)©]-8-3} cDNA
= AT EAHE cDNAS ALESte], 94 TCollA
30 s =¢F denaturation A7), 50 ~ 63 T4 1 min

=

thatabadEss| A, Al 428 A 2 &, 2016

annealing Al %! T, 72 CollA] 1 min &<t extension?|
7] cycle< 303] HHESF 5, PR} extension 72 C
oA 1 min <%t PCR machineol| A 3¥stHct 2zt
PCR A& #7955 53t 43tk 18
DGS-200D& A& &4t E3E sttt 242
9] xzgto|m o] A7|A Y2 Table 13} 2T}

al

2.9. Filaggrin 2t =7t 1}

HaCaT MZE 10% FBS7} 3 7}5 DMEM Hj A E o]
31 5 x 10° cells/well2 223 &, 12-well plate]
A3k 18 h &Rt viFstATh vl § AIEE A
2|3}l 24 h St vt v FE Ao A RNA

FF3to] RT-PCRE &3 filaggrin®] 4 S7H&

2.10. Caspase 14 & =7t st

HaCaT MZE 10% FBS7} 37}5 DMEM Hj A E o]
31 5 x 10° cells/well2 223 &, 12-well plate]
A3k 18 h &Rt viFstATh v § A& A
2|3}l 24 h 52t vt v FE Ao A RNA
FE3} RT-PCRS 53| caspase 149 & F71H&

2.11, Hyaluronan Acid Synthase—3 (HAS-3) &5 =7} 1}
HaCaT A|ZE 10% FBS”7} 3718 DMEM H| A& ©]

8319 5 x 10° cells/well2 23 & 12-well plate©l]



Table 2. Proximate Compositions of Collagen Extract from

i
lo
o
o
fol

o 157

Table 3. Amino Acid Compositions of Collagen Extract from

Jellyfish Jellyfish
Composition Contents (%) Amino acids Contents (%)
Moisture 6.00 + 0.21 Asp 12.2
Protein 33.75 £ 045 Thr 54
Carbohydrate 0.58 = 0.09 Ser 5.8
Glu 13.1
HF3kaL 18 h &t st Mgt A Al=E A Gly 5.0
2J3kaL 24 h &<k HiFEIoAT: HieFE AlZEolA RNA Ala 6.8
£ FZ3lo] RT-PCRS T3l HAS-39] ¥d S71&<S Cys 17
3-ol3}si T, Val 3.8
Met 1.3
2.12. Aquaporin—3 (AQP-3) &3& &7+ 1} Ile 3.4
HaCaT A|3ZZ 10% FBS7} 718 DMEM HjA| & o] Leu 8.1
/3l 5 x 10° cells/well2 223 &, 12-well plate©l] Tyr 4.0
HF3kaL 18 h &t wifFsiith. Mgt A A=E A Phe 47
2 3kaL 24 h 5t WiFSEATE vl FE Al Zol A RNA Lys 100
& F%3}e] RT-PCRS 53 AQP-39] W 7S His 26
skt Arg 71
Pro 5.0
Total 100.0

2.13. Desmocollin (DSC) && &7t 51t

HaCaT A|2E 10% FBS7} 71 DMEM HiA| & ©]
23k 5 x 10° cells/well2 23 & 12-well plate©l]
2313 18 h 9 vjFslT) vlkd 5 A 82 A
2]5tal 24 h 5t vl TE WiFE Al ZoA RNA
£ FZ39 RT-PCRE 33l DSCe| & S7H&4S &
o

2,14, SAXz]

ARghe 3w 5P AP e 5 HEH EE
AzLE GEPRITE d2a A Arole] BA ]
frold AL rest® AHE3EA ANOVAR AL 3

£3l5oH, p <005 FENA FoA AAHE A
Atk
3. 2o o o
3.1, sfim2| 2Rl FE=9| UtME, ofo|eit 2d &
= =PS|
o LT
sfate] FHll FEE9
Table 2| YEFH ™, protein, moisture & carbohydrate

7V 247} 33.75%, 6.00% H 0.58%% A=A 1
L FQ opu] A8 Table 3014 R vle} 20| gluta-
mic acid (13.1%), aspartic acid (12.2%), lysine (10.0%)%1
on, o] 59 FFE A FAdokr| Atk 35.0% o)
S A ARG a3 FERAT} AHH glycine
(5.1%), proline (5.0%)Z A Aol =4k2] 10.0%
o] A4S 2A|SHaL AATE 1 ]9l threonine, serine, ala-
nin, leucine, arginine 52 o}7|x=4te] E3E ] I
o}, o9} A3l [32]9] AFolA e R Y
73-%- skin F-2]ollA] glycine (22.7%), proline (12.9%)%
31, umbrella F-9] ol A= glycine (18.3%), proline (8.0%)
2 B9t oprAt A EHE m]Fo] Hot
olF TslE T8 oAk F H Bl mE A
o7} o, el o|9| 9| thro] vl do] EAjst
3 s I = ok ag sige] S =
=9 & B4 Z3 Table 4042} o] glucose (76.2%),
galactose (11.3%), arabinose (7.0%) & 2.2 ©]FoA Q)
om F 6FTOE TN Ae ASE UETH
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Table 4. Polysaccharides Compositions of Collagen Extract from

Jellyfish
Polysaccharides Contents (%)
Fuc 0.3
Ara 7.0
Xyl 3.7
Man 1.4
Glu 76.2
Galac 11.3

3.2 MxZ =4

oy FH FEES HITEFEE S5 10 20
mg/mLE Ao xglste] vjFst A3, Figure 13 2
o] HaCaT Al Zol| thall 100.0%2] Al ZAHZE-S ek
o WA, AlESAdo] YehA] 2 HFTEE 5, 10
2 20 mg/mLollA A3S P33Tt

3. =9| Filaggrin &€& 57t 21t
B AT 1%3 flaggnn B F7toll tislA sl ate
Tg: uﬂi z%-&l—oiﬂ 21L /\‘E%_o/] a
FAtHFigure 2). oFFAl%E AHE|ekA] F<
e FeHl FEES AEEA
l,murz] 2UYH HIFE 20 mymLE A E|3 A
3H3] o] 2117%§ UEFSE S ™, blank thH]
111.0% &3 AL Fdin. 283 5, 10 2 20
mg/mLol A 2} 149.4% H 177.9%2] E35 YeRATh
T3 2702 AFE-H sodium hyaluronic (SH)S] 73-$-
filaggrin 'H& o] 185.0%= UER} o]} vl e S o,
fute] Fehl FE52 HA 0.5 mg/mLe} filaggrin &
A 37 A A B 9 AL FRIsh

filaggrin %

3.4, slimt2| Szt F=E2| Caspase 14 &S B7t &1

Caspase 14 4& Z71ol el A sigte] A F
=S FEHE SAYRoEA 7 AZY s
%E}(Flgure 3). oFF A= A3 2 blankE 7]
o =2 #jutg] FeHl FEES MESA o] YERA
I HIF T 20 mgmLE 2] 2|3 A3} caspase 14
#ol 118.6%= UrE}”Ouﬂ blank ] 18.6% ‘&3
7-]& ELO]aﬂq j_ﬂ EL] 10 mg/mLoﬂfﬂ
102.5% 3 106.9%°] @:ﬂr— UERT: =3 djE=Te
2 AME-H retinoic acid (RA)S] 73-F- caspase 14 L& 0]

e ) &2 M &1' e &

l

_]\1

7_|

r

thEkalgEsks] A, Al 428 A 2 &, 2016
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0 5 10 20
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Figure 1. Cell viability of Nemopilema nomurai on HaCaT

cells by MTT assay. The cells were treated various

concentrations of samples. Each value is the result of mean

+ S.D. of three independent experiments.

250

200 A

150 A

100 -

Filaggrin Expression (%)

50 A

Blank 5 0 20 SH 0.5
Concentration (mg/mL)

Figure 2. Effect of filaggrin expression was measured in
HaCaT cells. The cells were treated various conventrations of
sample. SH was used as a positive control for filaggrin
expression at concentration 0.05%. And expression levels of
mRNA were analyzed by RT-PCR. Each value is the result
of mean + S.D. of three independent experiments.

123.7%% YER} o]} vl nE}S
F=E2 RA 0.5 mg/mL$} caspase 14 E3
7HfAF EE ST 2E Slssi

o, sjate] FeHA
<7F &3

3.5, slimtz| 2kl FE22| Hyaluronan Acid Synthase—3
(HAS-3) s 57t 21t

HAS-3 & F7koll telA sfjate] =

FTEHE SAHYOEA 7 ABE] &9

o=
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120 A

100 4 =

80 1

60

40

Caspase 14 Expression (%)

20 A

Blank 5 10 20 RA 0.5

Concentration (mg/mL)
Figure 3. Effect of caspase 14 expression was measured in
HaCaT cells. The cells were treated various conventrations of
sample. RA was used as a positive control for caspase 14
expression at concentration 0.05%. And expression levels of
mRNA were analyzed by RT-PCR. Each value is the result
of mean £ S.D. of three independent experiments.

160

140 =

120 1

100 A =

80 A

60 -

HAS-3 Expression (%)

40 A

20 A

0 T T T T
Blank 5 10 20

Concentration (mg/mL)

SH 0.5

Figure 4. Effect of HAS-3 expression was measured in
HaCaT cells. The cells were treated various conventrations of

sample. SH was used as a positive control for HAS-3

expression at concentration 0.05%. And expression levels of
mRNA were analyzed by RT-PCR. Each value is the result
of mean £ S.D. of three independent experiments.

(Figure 4). OFFASE X 2]3}A] &2 blankE 7]Fo2
ate] FEHl FEES xS0 YERA] ggd
HiEE 20 mgmL=E A3 AF, HAS3 T30
139.9%=Z UER} O™, blank THH] 39.9% A3 A
gelgict 283l 5 2 10 mg/mLolA 2+ 103.5% 2
110.9%°] &35 ettt =3 27l = AHEH

159

250

200 A

150 ~

100 ~

AQP-3 Expression (%)

50 A

Blank 5 10 20 SH 0.5
Concentration (mg/mL)

Figure 5. Effect of AQP-3 expression was measured in

HaCaT cells. The cells were treated various conventrations of

sample. SH was used as a positive control for AQP-3

expression at concentration 0.05%. And expression levels of
mRNA were analyzed by RT-PCR. Each value is the result
of mean £ S.D. of three independent experiments.

SHO| 7% HAS-3 Z&o] 132.4%Z UERY o9} vl
staS o, siute] Febd F2E2 HA 0.5 mg/mLe}
HAS-3 &d 371 837 §AF B 578 AS 82l
SHA T
3.6. aliotz] Szl ==E92| Aquaporin—3 (AQP-3) &l
S7t &1t

AQP-3 ' F7tell tisA] sl ute] *E}
FTEHE Ao FA ZF MZo] 9=
(Figure 5). OFFAE 2 2]3HA] &2 blankE 7|02 3
g FTl FEES AESA] YehA] 3k F

FE 20 mgmLE A& g A¥, AQP-3 T o] 212.5%
2 YEPF oW, blank THR] 112.5% 53 A2 &3
ot 2813 5 2 10 mgmLolAl 242 165.4% 2 194.1%
o] 95 Yepdth =3 tlZroE ASH SHe F
- AQP-3 0] 184.3%= UERY o]} BlwstSS o,
dfae] Fepdl FE52 HA 05 mgmsz} AQP-3 &

Z7h B} A EE S50 2E Ssgn:

3.7. alimtz| S22l =&22| Desmocollin (DSC) s =7}
k=l

DSC & F7toll s sligte] Sel FE25<

FTEHE SAHTOoEA 7 &Y aE RIS T
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Figure 6. Effect of DSC expression was measured in HaCaT
cells. The cells were treated various conventrations of sample.
SH was used as a positive control for DSC expression at
concentration 0.05%. And expression levels of mRNA were
analyzed by RT-PCR. Each value is the result of mean + S.D.
of three independent experiments.

(Figure 6). oFF-A = A 2|3HA] &2 blanks 7|FC 2
slate] Feh FEES AESHo] YehA] &3kd
HIEE 20 mgmlE A3 Ay, DSC 3ol
116.8%% UERE O blank tH] 16.8% 3 A<
gelgict 183l 5 2 10 mg/mLolA 2+ 102.9% 2
106.7%2] &35 YePAT =3 27 oE AREH
SH2] 7-%- DSC 13 o] 101.3%= YER} o]} vl w3}
A= W, vty el FE=2S SH 0.5 mg/mLe}
DSC ¥ Z7} 37} FAF e 3 AL #Qls)

P

B AFolA = 332l (Nemopilema nomurai) Z5-E
el FEES AXS PF 98E ol &stn
24 BE adE g5tk dfuty] Sl FEES
protein®] 33.75%% ZetAl} BHEF glycine (5.1%),
proline (5.0%)% FA| F/dopv=4ke] 10.0% o)/
248k ATk oA dh djate] Fell FEES Al
5SS YA gL F% 20 mgmLE AP
749~ HaCaT A|ZANA R #HA ARSI filaggrinol A
= 211.7%, caspase 14 118.6%, HAS-3&= 139.9%,
AQP-3= 212.5% 2 DSCE 116.8%% VeSO H, SH
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A&7 - HA - ol

0.5 mgmLot W= 735 A B 53 A= &
A 5= ATk o)/de] AelA sfute] E2Hl F=
=2 AE AREA A5 B AR V)2 AT
g AN olF Foll sHEEA By LX)
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