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Min Chang Oh', Ki Cheon Kim', Chang-ik Ko?, Yong Seok Ahn? and Jin Won Hyun'*

'School of Medicine, Jeju National University, Jeju 690-756, Korea

*Research Institute of Processing of Jeju Fisher Food, Choung Ryong Fisheries Co., LTD, Jeju 697-943, Korea
Received November 30, 2014 /Revised January 27, 2015 /Accepted March 9, 2015

Collagen peptides, which are found at high concentrations in the human body, are present in animal
bones and the skin of marine organisms, namely, fish scales. Collagen is the most abundant structural
protein of various connective tissues in animals. Furthermore, it is widely used in biomedical material,
pharmaceutical, cosmetic, food, and leather industries. Peptides extracted from scales of various fish
protect against ultraviolet B (UVB)-induced skin damage and photo-aging. However, the protective
effects of collagen peptides derived from the scales of Branchiostegus japonicus against UVB exposure
are unclear. This study investigated the effects of peptides larger than 1 kDa (high-molecular weight
peptides [HMP]) and smaller than 1 kDa (low-molecular weight peptides [LMP]), derived from extracts
of B. japonicus scales, against UVB-induced skin damage and photo-aging. These peptides scavenged
1,1-diphenyl-2-picrylhydrazyl radicals in a dose-dependent manner. In UVB-exposed HaCaT human
keratinocytes, LMP inhibited 8-isoprostane generation, a marker of cellular lipid peroxidation. The
peptides also suppressed the UVB-induced increase in tyrosinase activity and melanin content in
B16F10 mouse melanoma cells. In addition, the LMP and HMP treatment suppressed UVB-induced
elastase and matrix metalloproteinase-1 activities in the HaCaT cells. These results indicate that
peptides derived from B. japonicus scales have antioxidant, antiphoto-aging, and skin-whitening effects.
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13]. ]2 & melanin®] AFA A F2F HLL &= ty-
rosinasev melanin ¥4 FAH A tyrosine©] dihydrox-
yphenylalanine (DOPA)E W $A|7] 1 thA] DOPAE DOPA
quinone®. 2 W3 A 7] =6 2&3ta] #HZE 202 melaning
FE A4, 9]. wetA HMaRE B 98 A= tyrosinase
o JHEHE FOZHN melanin A JAEHAE F3}
A Aok AR 2 ¢ 7 arbuting ©] 28 tyrosinase
A A Ql hydroquinone® A+ hydroquinone H#& 2
SATHY, 23, 24]. 3HAITE b el EA 2 ) AHE-o] AT
Atk Fehll 2 W A2 FAH L F sfutolH, ¥ FA
T 237t AdEes el Adto] ZadT29] =T
UVBY =22 Eehilo] Zaste] 27] 9F 87t dAs
€, °|& & =3 (photo-aging)e} 3t¥ F&, M4 HF,
£t AR AR S5 FEDT12]. o] o) Aol Fab
Q1 Labeo rohita, Catla catla, Pogonias cromis, Archosargus pro-
batocephalus, Lates calcarifer 5 2% o ¥lE& o &3t &
WA, 23, ofredt 5 8% =d S0l FUHAH7,
21, 22, 25]. 28| 2 Tilapia zillii®] W5 FEEA Fo42 e
o]t AJHo] UVBE 58 IR &AL gAY TH27]. =
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EHE frof Aetol=o) & w38, g ks, vy a3t figd
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Mz o

Mz
B Ao A& &E(B. japonicas) W5 AFE MAE
Aol AR FEFFAANA AFTHALH, GFE 0] 83k

A F ¥E Hasin.

HEO|E M=

SEHlso] Aoy 208 (v/
A 3A17E 33 B3k %? FZ3 9
g 74 Ba) G491 alcalaseE o] &
6AM7E 713 o A& Bl 100wt/ wh)ol A 7h4e %éﬂs}ﬁgtﬁ,
A A4 E2(12,000 rpm, 15 min) A8 S AH 454 £
gaac Be9 459E 12 ym3 045 pm WEH A L
g 5% 97 F &9 9721 kDa, Satorius Stedim Biotech,
Germany)< ©|§-3t] 35 HEro]=& 1 kDa ©] 3t A &2
AL E(LMP)E 27851, 454 3& Aeol=E
kDa o] 1274 sleto ]E(HMP)E 73190

MIZ Hiat UVB ZAL

A A A E(HaCaT) o} wh¢2 SAF Al Z(B16F10)=
5% CO, 37°C {719 A vl gatsint. Az ol AHE-5 =
Hj A &= HaCaTA & RPMI 1640, 10% heat-inactivated fetal
bovine serum (FBS), streptomycin (100 pg/ml) and penicillin
(100 U/ml)E AH&3t$l2 B16F10M Z+= DMEMel 10%
heat-inactivated FBS, streptomycin (100 pg/ml) and pen-
icillin (100 U/ml)E AH&3t3{th UVB ZAEA = UV Cros-
slinker CL-1,000MZ AF&31%] 2.1 30 mJ/cm’e] 2AF 2=
A< 3l

ME MEES &3

HaCaT Al ZE 6 well culture plate®] 1
"'9«1‘4 16413t o] & Az 5] plateE ol 4FHA=AE &
qs =, HF 051,24, 8 10 mg/ml &5 LMP$ HMPE
AT F UM 5L F& 5% CO2, 37°C W71 oA st
Ak WE 24 945 F 2 mg/mlY  [3-(4,5-dime-
thylthiazol-2-yl)-2 5-diphenyltetrazolium] (MTT) A%< 3
F 200 pg/mlo] HA AZ i gdo] Hesto] 34T F A
Fujg7lol A i FF k. M E ol formazano] 4 E A&
ol H 459 AZMAE AAG F #7142 dimethyl
sulfoxide (DMSO)E ©] &3] Al XZ 9} formazans = &0t
HA3F] =9 & 540 nmolA FFEE =AHSAY].

7x105 cells/well =

DPPH radical 275 &3

LMP$} HMP2 # % volume 200 plol A =71 05,1, 2,
4, 8,10 mg/mi7} H =5 343ttt FatsA e & 4
N-acetyl cysteine (NACQ)& ¥4 HETOEZ 1 mM & A
& 1th. 150 ul®) DPPH radical A3} 50 pl¢] LMP, HMP
323 NACE 412 5 3% ¢ A2 vl &, 520 nmoj A

UVBE #E5 = A Adue ey &4 A%
et s 2434t HaCaT Al 25 24 well culture plate®l]
35x10" cells/well2 A 1th. 16417t 0] & AL E0] plateEH
of ¢t Y =AE &3 &, serum free B A 2 A F
o} 1AIZE o] % LMPSF HMP 77t 8 mg/ml 59 &4 ti=
T NACTmM 55 Agstdh 147k ]3] 30 mJ/cm’9]
UVBE ZAbet 3T 244 2F o] Fofl A2 wjebe & 33t
8-isoprostane EIA kit (Caymen chemical Company,
Wilmington, DE, USA)ell w2t Z4 3.

A

Elastase &M £3

HaCaT Al ZE 100 mm culture dishel 1.0x10° cells/dishi
AT 16A13F o] F A EZE0] plateEHol FFEHAE=AE

& %, LMP9 HMP 8 mg/ml ¥=9 ¢4 27 1 mM
%9 NACS Agatg et 147F o] 29 30 mJ/em’) UVB
ZALBFA T 2441 7F o] 3ol MEE cell scraper® 3|3}
°C, 3,000 rpmoll A 523+ A4 E el & A E pellets Rot+
a1, M2 pelletell 0.5 ml¢] 0.1% Triton X-100/100 mM Tris-Cl
(pH 8.0) A%k& Y3, sonicationd 3t T ML FE AL
4°C, 1,700 rpmell A 2027+ 94 £t H5d e HE H,
et dild FEE Bradford A %S o] &3t 4
A &3S th. Metalloproteinase & A Al ¢l phosphoramidon 1
M= AEFE 459 100 pld ¥ F 37°Col A 2083t W
&to] elastase EA 9] T4 NEZTF2Z AL 1L elastased]
714 & N-succinyl-tri-alanyl-p-nitroanilide & 0.3 mM9| ¥ %
7} HEE 100 plo) 4% A3 &4 thzTol ¥, 37°Col A
24| 7H %0} vl gt At. wkd AEE 373t 96 well-plate
of §7 % 410 nmoA FAEE FHsATH28]

i off S mx

N

Melanin 442t £8

B16F10 Al £Z 60 mm culture dishl 3.9x10° cells/dish&
AT 16417 o] F M EZE] platexd e 2 &, LMPS}
HMP 8 mg/mi# NAC 1 mM, H|WAZ 2 ¢ arbutin
1 mM& 717 )3kl h 142} o] %] 30 mJ/em’e] UVBE
ZAFSFATE 244 7F o] o] A X E trypsinizing 378 0. & T
ofo] AlEZ A4atdtt. 2x10° cells £ B FE pelletel 10%
DMSO7} &3 IN 5%2 NaOH €4S 200 ul ¥, 80°C



shaking mcubatoroﬂ /\1 1/\] b sk AT, lysis® ME
96 well-platec] %71 & 405 nmolA FHEE SA AT
[10].

Tyrosinase &4 £

B16F10 Al £ 100 mm culture dishol 1.0x10° cells/dish
Z ASITh 1643t o] & A2 E0] plate EH | ¢ X—}E]‘Ei ]
£ A& ¥, 8 mg/ml ¥= LMPY HMP, 1 mM ¥
NAC, 283 1 mM §=9 arbuting A3t 5th 143k o] &
ol 30 mJ/cm’e] UVBE ZAMIH T 2447t o] o A ZE
trypsinizing 4 22 Hoo] MEZE counting 3T
ae3 34" M E 05 ml 80 mM2] phosphate buffer (pH
6.8] € ¥ 1 sonication 3tATh 281 o] AXHE & 4°C,
12,000 rppmol A 2083 A4 Eejsto] FedS A, @
g 4y FEE Bradford A %S ol g3t 4 & A
ZFatdth 1 o, 80 mM9| phosphate buffer (pH 6.8)°] 3]
¥ 83 mMe L-DOPA (34-dihydroxy-L-phenylalanine)
120 w3} A 40 plo] AlZ9F 40 ple mushroom tyrosinase
(125 U)E & 4ol A 37°Col A 307t vl %3 -, tyrosinase
AA &S A7) Al 490 nmoll A FHEE SH S

Matrix metalloproteinase-1 (MMP-1) &AM &£H

HaCaT Al £Z 24 well culture plated] 3.5x10" cells/well £
AATH 16413 o] & A ZE 0] plate EH HAE Y= ]
39d & serum free A Z wAH FAGD. 1AL T,
mg/ml FEZ LMP} HMP9} 1 mM F 52 NACS 7‘4%}
1, 247 ] 39 30 mJ/cm’?] UVBS ZAFaFGITh Al 3w %
7ol A 2447 FQF vk ), AE GG S Bt A
< "HES Y. Human Active MMP-1 Fluorescent Assay kit
(R&D System, Inc., Minneapolis, MN, USA) Wl %= MMP-
1 A7 Z'E well plated] Assay Diluent RS1-64 100 ulE
¥ 150 o] AES F7HE F Aol 343t F¢F shaking
stef wjokstATh. 1 o Welle washing & %, para-
Aminophenylmercuric Acetate (APMA)E 200 ul A 2|3}
37°Col A 241 7F FoF W7l A vttt THAl Well&
washing@ %, 200 ul9] 7]d-& ¥ 37°C ol A 2047t 5k
WS Aperate] wjgr]ol A w4ttt 20417 ¥, Excitation
320 nm/emission 405 nmol A FFE& ZA AT}

71|7_(‘|E|
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MEXIQL DEAH BEOIEQ MESMY 0jXl= &1

A&7} peptide (1 kDa ©]3}, LMP), &4 peptide (1 kDa
o]}, HMP)9] HaCaT Al XA 54 & &2ls7] 93 55
HE MTT assayE At LMPE} HMPS] 05, 1, 2, 4,
8, 10 mg/ml9] & EolA LMPSt HMPI A o] 273 vl w4
=40l UehyAl sttt (Fig. 1).

NEXIt DEXt BE0|=2| DPPH radical 2471 58 &8

DPPH radical& ©] 439 LMPS HMPY radical 7%

g9 Agetr] A8 Adstank. 4 23, LMPAAE 05
mg/ml &% 4 8%, 1 mg/ml F=°lA 10%, 2 mg/ml &%
A 16%, 4 mg/ml F=AA 20%, 8 mg/ml 5= A 28%,
10 mg/ml FE=oA 28%9 £7%5< BT, HMPIA = 05
mg/ml EE4 8%, 1 mg/ml =14 11%, 2 mg/ml &
A 19%, 4 mg/ml FEN A 18%, 8 mg/ml T A 28%,
10 mg/ml =4 29%9 &2A%F< B4t &4 EHZ:rL 1
mM NACe| A& o 88%-04 2A% S 25 ATHFig 2). 2

AHRES B3l A1 A aAEE FA AL
LMP9} HMP2 %E% 8 mg/mli Aste] e AT E
3ttt

RN 14
o orx

o2

140

. MP
120 | 1 HMP

Cell viability (%)

0.5 1 2 4 8 10
[ma/mi]

Fig. 1. Cytotoxic effects of low molecular weight peptides (LMP)
and high molecular weight peptides (HMP) on HaCaT
cells. HaCaT cell viability was investigated using the
MTT assay to determine the cytotoxic effects of LMP and
HMP. After incubation for a further 24 hr, MTT stock
solution (10 ul, 2 mg/ml) was added to each well to yield
a total reaction concentration of 200 ng/ml. Cells were
treated with LMP or HMP at a concentration of 0.5, 1,
2, 4, 8, or 10 mg/ml. 3 hr later, the supernatants were
sucked, and application of the DMSO dissolved for-
mazan crystals in each well, and the absorbance of sol-
ution was read at 540 nm on a scanning multiwell
spectrophotometer.
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Fig. 2. Scavenging effects of LMP and HMP against the 1,1-di-
phenyl-2-picrylhydrazyl (DPPH) radical. The radical-
scavenging effects of LMP and HMP were investigated
using the DPPH assay. LMP or HMP were treated at
a concentration of 0.5, 1, 2, 4, 8, or 10 mg/ml. After 3
hr, the amount of residual DPPH was measured at 520
nm using a spectrophotometer. Treatment with N-ace-
tyl-cysteine (NAC, 1 mM) was used as a positive control.
*’#Sigm'ﬁcantly different from control cells of LMP and
HMP, respectively (p<0.05).

MEXet TEX BEIO|EQ XZnME AR 5 £F
UVBE FE5H& AlZ A Aute] 4+8h4 &442l 8-isopros-
tane?| ¥FE ZA3Ath. LMPY} HMPY %o uhe}
HaCaT M 2ol #23t, o]o] UVBS zAlste] LMPS} HMP
o] A WyolA UVBE F=4 3t &4-& JAsteA &
3t7] f3) wjAE F A3t 8-isoprostane &4 kitE ©] §-3F
of A3t Ao m2H LMP 8 mg/mlE 2 A
M EFo A UVBY B 02 ZARE Al 2o Hls) 922
Aol & AT 4= AUAT, HMP 8 mg/mlS A | Al Z o
A= UVBAl |3 8-isoprostane®| 57k7F A=A &3ttt
(Fig. 3). o] 232 LMPE A3 %5 UVBel 93 F=4
A AFE7E A HE THE FAT S AU

o2 48 HtH14]. LMPS HMPY elastase A &4 & =
7] 913 HaCaT Al 2o LMP2t HMPE 8 mg/ml 5%
A2 F 143t Holl UVBE 2Abste] 2447 v et 43
sttt AP AR ©2d UVBE 2AS Al Z A elastase
o] 279 64 units/mg protein®| Hl3] 109 units/mg
protein® 2 F7FE oM, ¥4 tET NACIHA= 85
units/mg protein® & 9802 7FAdH T LMP A 2+
o= 80 units/mg protein, HMP HEFolAe 73
units/mg protein® 2 elastase A Aol F A5 EF
UVB 502 2AME M9 vlal A oA 02 2ol 5 B

8-lsoprostane [pg/ml]

Control LMP HMP NAC
uvB

. 3. Inhibitory effect of LMP and HMP on 8-isoprostane
generation. HaCaT cells were treated with LMP or HMP
(8 mg/ml) and after 1 hr, exposed to UVB radiation.
After incubation for a further 24 hr, lipid peroxidation
was determined using an 8-isoprostane EIA kit.
Treatment with NAC (1 mM) was used as a positive
control. Significantly ~different from control cells
(p<0.05) and “significantly different from cells only ex-
posed to UVB radiation (p<0.05).

Control

Fi

aq

120 *

80

80
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Control  Control LMP HMP MAC
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Fig. 4. Inhibitory effects of LMP and HMP on elastase activity.
HaCaT cells were treated with LMP or HMP (8 mg/ml)
and after 1 hr, exposed to UVB radiation. After in-
cubation for a further 24 hr, elastase activity was de-
termined by measuring absorbance at 410 nm using a
spectrophotometer. Treatment with NAC (1 mM) was
used as a positive control. Significantly different from
control cells (p<0.05) and “significantly different from
cells only exposed to UVB radiation (p<0.05).

Ah(Fig. 4).

XNEX DRt BEI=Q| melanin A1} tyrosinase
g on &3

Melanin€ melanocyted Al B8 =+ M AEA4 UVBS 7
So.2 & gFo] F7hd . LMP HMP2 melanin A4



4A 58& 24387 Y8 HaCaT A x| LMPS HMPS
8 mg/ml ¥E& AEg &, UVBE XAt Wl 2443t
o|Fo] e Fo HAEZE AFstd IFstd AFsAt
Melanin tyrosinased] 93] #4do] Hewl, 2L YHo=E
MEE 3439 tyrosinase 84 < S48 H T UVB ZAH
)&} melanin 47} th 2o wl& 212% A& F7tetg o,
mlA g 2 4HA arbutind] 98 131% 2 4 HAx, 4+
A NACel 98) 184% 2 JA = AL st LMP
A FAME 167%, HMPS H e T E 178%2 F A&
BEo M UVB &= A &3 Foll HI3] melanin A4l #24
S 2 7+43 9 th(Fig. 5A, B). Tyrosinase $4 & S43|& 2
I} UVBE A Tl A tl 2T Hlste] 137% 2 S718H %
th. Arbuting A2 45 UVBel 93 F7te &A4o] U%=
AABH I, NAC A FAME 125%2 UVBE B502 A
23 7o vla oA o At LMPS HMP A 2l
Z+ 273 vlwste] 27 100%, 102% 2 UVB @5 ZA}
7ol B3} tyrosinase 2/ °] oA 02 A = T (Fig.
5Q).

LT

XMEXtet DEA HEO|=Q| MMP-1 &4 &3

MMP-12 interstitial collagenaseztil%= Ee2|m ZzHAl9
Hetol = A& #afste Aioltt FRA 2o UVBE &AL
AL TAMLE 223N A, F4E MMP-19] 571

A 250 . B

Melanin[%)]

Control Control LMP HMP NAC Arbutin
uvB

C 150 *
— 120
X
z
=
s 90
(o]
(o]
w
©
£ 60
w
o
=
i

30

0

Control Control LMP HMP NAC

Arbutin
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MP, NACS A g 3st1 147t o] 3o UVBE
At At AIZE 4AHE W FS o] F MMP-1 848 &
A7) o) A2 AE B gat] APaAnt hxTA 2
ng/ml¢ FE2 FA4 Y MMP-10] 4 dth7} UVB7F 24}
H A ZME 9 ng/mlZ MMP-19] FA4o] 27 F718tA9 0
NACS 7 A2d #oA 5ng/mlZ UVB &5 2AHE 7ol
Hla) oA og ZHAastgom, LMPY HMP A #ol A&
5ng/ml, 2 ng/mlZ UVB ¢ Hl3] froH o2 rastych
(Fig. 6).

ek

i

B RA Lo UVBZ7} =259 tyroninase activity$ mela-
nin Aol F7teTi2, 30]. WekA UV & 71EF 2Eg 20
29 92e 1 2359 melaninol 9dte] F2, 7]v]
59 AF A& ES dozt Tyrosinase: melanin AY g
A9l A AR BAZH, tyrosineo] DOPAZ A 3HE uf, 12
3. DOPAYI A4 DOPA quinonel.Z Z 3% uj #o3st= &4
o] T}[8]. MMP-12 interstitial collagenasegt1 % B H &}
Al Hetole AZE E3llste &0 tH6]. Melaning mel-
anocyted] Al BAH = MALZA UVBY AT o2 e &

Control uvB LMP + UVB
HMP + UVB NAG + UVB Arbutin + UVB
. W T99 1

Fig. 5. Inhibitory effects of LMP and HMP on melanin generation

and tyrosinase activity. B16F10 cells were treated with LMP
or HMP (8 mg/ml) and after 1 hr, exposed to UVB radiation.
After incubation for a further 24 hr, melanin generation was
determined by (A) measuring absorbance at 405 nm using
a spectrophotometer and by (B) examining the color of mela-
nocyte lysates. Treatment with NAC (1 mM) and arbutin (1
mM) was used as a positive control. (C) Tyrosinase activity
was determined by measuring absorbance at 490 nm using
a spectrophotometer. Treatment with NAC (1 mM) and arbu-
tin (1 mM) was used as a positive control. Significantly differ-
ent from control cells (p<0.05) and ‘significantly different
from cells only exposed to UVB radiation (p<0.05).



274 BB ULRIX| 2015, Vol. 25. No. 3

Active MMP-1 [ng/ml]

Control Control LMP HMP MNAC

UWB

Fig. 6. Inhibitory effects of LMP and HMP on matrix metal-
loproteinase-1 (MMP-1) activity. HaCaT cells were treat-
ed with LMP or HMP (8 mg/ml). After 1 hr, exposed
to UVB radiation. After incubation for a further 24 hr,
MMP-1 activity was determined using the Fluorokine”E
Active MMP-1 Fluorescent Immunoassay Kit. Treatment
with NAC (1 mM) was used as a positive control.
‘Significantly different from control cells (p<0.05) and
*significantly different from cells only exposed to UVB
radiation (p<0.05).

o] Z7b9tH2]. & A7 A= UVBE 458 melanin A
7 tyrosinase &4 &4 ol s LMPS HMP7F 2] 4
At o™, 53] melanin ARG NN PHAZ & &
arbutin? frAFE A5 YIS, 974 £ UVBE
AstAY B EE =E3AZ A, 24 E MMP-19] S7}
=311, elastase T3 proteinased] YF o=
iL]-r/‘ﬂi ol A FFAA ol Fojstn], UVB7} 2AHE Al Z ol A
7 ol S7FsHAT11]. 44e LMPeE HMP A 2] ol A=
UVBE =5+ elastase®t MMP-1 &4 3717} o5 o2
AU, UVBE #EH = Adadste] glojd= LMPE
AAEHE Bgon, HMPY 3¢ FoH oz dAshA X
sttt =3 g 48t A58 B7] 93] DPPH radical assay©l
M= LMPS} HMP A4 9} 2ti 2 &7 o] Sl it o
24 LMP} HMPL w9 2Hg, s Ao e #5704 &
HE AT AL FFo vy gl G 45 TS E
o dEEN FEIMAT £ ASE JHEH
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s
73

N KL ox
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