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Abstract An anti-aging peptide was prepared from fish collagen hydrolysate (FCH) by ultrafiltration
(MWCO; 1 kDa) and reversed-phased high performance liquid chromatography (RP-HPLC). Its anti-aging
properties were evaluated based on the procollagen-synthesizing and MMP-1-inhibiting activities in
Hs68 cells. A potent anti-aging peptide (fraction I-I) increased collagen synthesis by 46% and also
inhibited MMP-1 secretion by 77%, compared with unpurified FCH. The amino acid sequence of fraction
I-I1 was identified to be Gly-Arg-Arg-Gly-Asn-Lys (GRRGNK; the repeating Gly-X-Y sequence in
collagen), and it had a molecular mass of 686.175 Da. It revealed that the anti-aging activity of GRRGNK
was mainly due to skin protective effects. These results demonstrated that fish collagen hydrolysate may
be a potential source of anti-aging peptides, which could be utilized in various field, including foods,

cosmetics, and pharmaceuticals.

Key Words : Fish collagen hydrolysate, Anti-aging peptide, Collagen synthesis, MMP-1 inhibition,
GRRGNK
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1. Introduction

Collagen, which makes up nearly 80% of the
dermis, is categorized into two types (Types 1
and 3). Type 1 collagen is a major constituent of
the dermis, whereas there is a limited quantity of
type 3 collagen. Type 1 and type 3 collagens are
precursor molecules, which are referred to as
procollagen, and are synthesized by dermal
fibroblasts [1]. Collagen develops a right-handed
triple helical structure and sustains skin elasticity
[2].

Skin aging, which is associated with wrinkle
formation, is caused by imbalance between the
and breakdown of collagen. The
(MMP-1)

destroys collagen (Types 1 and 3) in the dermis

synthesis
enzyme matrix metalloproteinase-1
[3]. MMP-1 production is facilitated for two
reasons, the natural aging process and exposure
to UV radiation, and is a critical element in skin
aging [4]. It is demonstrated that the quantity of
procollagen is reduced in photo-aged skin
compared with that of normal skin [5].
Anti-aging properties of collagen have been
the main concern of various fields, such as food,
Until

recently, the majority of collagen utilized has

cosmetics, and pharmaceuticals [6].
been extracted from cows and pigs. However, the
intake of cow’s collagen has been associated with
the fear of diseases, such as bovine spongiform
encephalopathy (BSE), and the intake of pig's
collagen has been severely restricted due to
religious practices [7]. Therefore, by-products,
such as scales and skin generated by the
processing of marine products, could be an
alternative source of collagen. Recent studies
have reported that collagen hydrolysates or
peptides isolated from jellyfish [8], fish scales [9],
and Rhopilema esculentum skin [10], showed
anti-aging effects with increased collagen
synthesis and reduced MMP-1 secretion.
Although there have been several researches

describing the anti-aging effects of collagen

hydrolysates, only a few peptides have been
identified. Furthermore, collagen peptides from
different sources, parts, and food each have
distinct amino acid contents, which relate to
their anti-aging activities [11]. Therefore, the aim
of this study was to isolate and identify an
anti-aging peptide from fish collagen hydrolysates
(FCH).

between distinct

Also, we investigated the relation
amino acid contents and
anti-aging activities of the anti-aging peptide
from FCHs. To this end, potential anti-aging
peptides were isolated using high-performance
liquid chromatography (HPLC), and procollagen
synthesis and MMP-1 production were analyzed
to characterize the anti-aging ability of the

separated fractions.

2. Materials and Methods

2.1 Materials
FCHs, produced from tilapia scales hydrolyzed

by a neutral protease (Bacillus amyloliquefaciens),
were obtained from Nong Shim Co., Ltd (Seoul,
Korea). The molecular mass of FCH had an
of 2 kDa, and its
composition is presented in Table 1 [12].

average amino acid
Hs68 cells were obtained from the American
Type Culture Collection (Manassas, VA, USA).
Formic acid and 3-(4,5-dimethylthiazol-2-y])-2,5-
diphenyltetrazolium (MTT)
obtained from Sigma-Aldrich Chemical Co. Ltd.
(St. Louis, MO, USA). Phosphate-buffered saline
(PBS) and penicillin-streptomycin were produced
by Lonza (Walkersville, MD, USA). Fetal bovine
serum (FBS) and 0.25% trypsin-EDTA Dulbecco’s
modified Eagle medium (DMEM) were purchased
from Gibco Life Technologies (Grand Island, NY,
USA). Acetonitrile and water for HPLC were
produced by J.T. Baker (Phillipsburg, NJ, USA).

bromide were
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Table 1. Amino acid composition of fish collagen

hydrolysate (FCH) (Data citation in the
reference of 12)
Amino acid g;qgg) Sg;t)laon
Glycine 23.60
Alanine 11.78
Proline 11.01
Glutamic acid + glutamine 10.16
Hydroxyproline 8.92
Arginine 7.91
Aspartic acid + asparagine 5.59
Serine 3.54
Threonine 3.28
Lysine 3.19
Leucine 2.85
Valine 2.36
Phenylalanine 1.73
Isoleucine 1.40
Histidine 1.10

? Expressed as grams per 100 g of amino acids.

2.2 Cytotoxicity of FCHs

Hs68 cells were cultivated in DMEM supplemented
with 10% FBS and 5% penicillin-streptomycin.
The cells were incubated in an atmosphere of 5%
CO; at 37°C. To evaluate the cytotoxicity of
FCHs, cell metabolic activity was measured by
the MTT method that is based on the diversion of
yellow MTT to purple formazan when the living
cells metabolize [13]. A total of 180 uL of cells
were added in a 96-well plate at a concentration
of 1 x 10* cells/well and incubated for 24 hours
at 37°C and 5% CO: After
incubation time, cells were treated by FCHs at

appropriate

various concentrations and incubated for 24 ho
rs. After cultivation, 20 uL of MTT (0.5 mg/mL in
PBS) was added to the well and incubated for 4
hours. After incubation, the plate was centrifuged
at 1,500 rpm for 5 min to deposit the formed
formazan crystals and the supernatant was
discarded. Next, to solubilize the formazan salts,
150 uL of dimethylsulfoxide (DMSO) was added.
The absorbance of the formazan salts in each
measured at 540 nm in a

(iMark Microplate

well  was

microplatereader Reader,

BioRad, Hercules, CA, USA).

2.3 Procollagen synthesis assay

Hs68 cells were added in a 48-well plate at a
concentration of 5x10% cells/well and cultivated
at 37°C for 24 hours.

supernatant of each well, the cells were rinsed

After removing the

with PBS solution. All samples for testing were
prepared in serum-free DMEM and added to the
After 24 hours, the

supernatant was to determine the

cells. cultivation  for
gathered
quantity of procollagen using a procollagen type

I C-peptide assay kit (Takara Bio, Japan).

2.4 UV-induced collagenase inhibition assay

Hs68 cells were added in to a 48-well plate at
a concentration of 5x10* cells/well and cultivated at
37°C for 24 hours. After

supernatant of each well, the cells were rinsed

removing the

with PBS. All samples for testing were prepared
in serum-free DMEM and were added to the cells.
After 6 hours of cultivation, the cells were rinsed
with PBS solution two times. Each well covered
with 100 uL of PBS was exposed to 10 J/cm? UV
A with a UVT UV lamp (Dongseo Science Co.,
Ltd, Korea). The PBS was removed, after which
the serum-free medium was added to the cell.
The cells were incubated for 24 hours, and the
supernatant was gathered for determining the
quantity of collagenase, which was measured
using an MMP-1 Human Biotrak BLISA kit (GE
Healthcare Life Science, Piscataway, NJ, USA).

2.5 Ultrafiltration

Fractionation of FCHs was performed by an
Amicon model 8400 UF unit (Millipore Corp.,
Billerica, MA) using a Millipore membrane with a
molecular weight cut-off of 1 kDa. Two fractions
with MW <1 kDa and >1 kD were obtained. The
fraction with the highest anti-aging activity was
further

separated by reversed-phased high

performance liquid chromatography.
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2.6 Reversed-phased high performance
liquid chromatography (RP-HPLC)

The FCH fraction with low molecular weight
(<1 kDa) was separated by RP-HPLC on a Zorbax
Eclipse XDB-Cis column (9.4x250 mm? 5 um,
Agilent Technologies, Palo Alto, CA, USA). The
sample was eluted with 0.1% formic acid in water
(A) and 0.1% formic acid in acetonitrile (B) using
5% A at 0-5 min, 95% A at 10 min, and 5% A at
15 min at a flow rate of 3.0 mL/min. The eluted
peaks were monitored by a UV detector at 280
nm. The fraction showing the highest anti-aging
activity was collected and concentrated using a
rotary evaporator (Eyela N-1000, Tokyo Rikakikai
Co., Ltd). This fraction was then resolved on a
Zorbax Cig column (4.6x150 mm, 5um, Agilent
Technologies, Palo Alto, CA, USA) at a flow rate
of 1 mL/min. A mixture of 0.1% formic acid in
water and 0.1% formic acid in acetonitrile (95:5 v/v)
was used as the mobile phase. For each separation,
the peptide peaks were monitored at 280 nm.
The purification procedures were repeated until

the samples were purified to a single peak.

2.7 Amino acid composition

Amino acid was analyzed using a Waters HPLC
system equipped with a Waters 510 pump and a
Waters Pico-Tag column (3.9 x 300 mm, 4 um).
The mobile phases consisted of 140 mM sodium
and 60%
acetonitrile (B), and the following gradient was
used: 86% A at 9 min, 80% A at 9.2 min, 54% A
at 17.5 min, and 0% A at 17.7 min. The sample
was hydrolyzed with 6N HCI and labeled with
phenylisothiocyanate. After labeling, 10 uL of the

acetate in 6% acetonitrile (A)

sample was injected into the column, and peaks

were monitored at 250 nm by a UV detector.

2.8 Molecular mass and peptide sequencing

The intact mass of the purified peptide was
determined by LC/MS analysis using an Agilent
1260 Infinity LC system coupled with an Agilent

6530 Accurate-Mass Q-TOF instrument. The

sample (1 uL, 10 mg/mL) was loaded on a Zorbax
Eclipse Plus C18 (2.1 x 50 mm, 1.8 #m) column
(Agilent Technologies, Palo Alto, CA, USA). The
mobile phases consisted of 0.1% formic acid in
water (A) and 0.1% formic acid in acetonitrile (B),
and the following gradient was used: 95% A at
0-5 min, 5% A at 10 min, and 95% A at 15 min.
Peptides were detected by full scan mass analysis
over the range 0-2,000 (m/z). For peptide

sequence analysis, Edman sequencing was
performed by standard procedures using an
Applied Biosystems Procise Sequencer (Applied

Biosystems, Coutaboeuf, France).

2.9 Synthesis of the peptide

The peptide, Gly-Arg-Arg-Gly-Asn-Lys (GRRGNK),
was synthesized at AnyGen Ltd (Gwangju,
Republic of Korea). The purity of the synthesized
peptide was more than 95% as measured by
HPLC. The

synthesized peptide were evaluated.

anti-aging properties of the

2.10 Statistical analysis

SPSS (SPSS Version 21.0, SPSS Inc., Chicago, 1L,
USA) was used for statistical examination. Data
were analyzed by one-way analysis of variance
(ANOVA) (p<0.05). All

experiments were conducted at least in triplicate,

with Duncan’s test

and quantitative results are indicated as the

mean *+ standard deviation (SD).

3. Results and Discussion

3.1 Cytotoxicity and anti—aging properties of FCH

The cytotoxicity of FCHs to Hs68 cells was
assessed by the MTT assay. As can be seen in Fig.
1 [12], the metabolic activity of Hs68 cells treated
with FCHs (0-1,000 pg/mL) was on average more
than 80% of that of the control; FCHs had no
toxic effect on the Hs68 cells for any of the

tested concentrations.
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3.2 Anti—aging properties of the fractions
g ¥ from FCH
% * The quantities of procollagen and MMP-1 in
E * Hs68 cells treated with ultrafiltration fractions
¢ o ({1 kDa, »1 kDa) were evaluated by a procollagen
v — ; - ; o ; 0 ; - ; o0 type I C-peptide ELISA assay. As exhibited in Fig.

2(A), type 1 procollagen synthesis was increased
Fish collagen hydrolysate (ug/mL)

in all cells treated with the three types of
Fig. 1. Cytotoxicity of Hs68 cells treated with FCHs
(Data citation in the reference of 12).
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Fig. 2. Procollagen synthesis by Hs68 cells treated with FCHs and two fractions (1) kDa, (1
kDa) obtained from ultrafiltration. (A) Quantitation of MMP-1 production by Hs68 cells
treated with fish collagen hydrolysates (FCHs), their {1 kDa fraction, and their )1 kDa
fraction for 24 hrs after UVA irradiation (10 J/cm?). (B) (-) and (+) designate the two
control groups (unexposed and exposed to UVA, respectively). Means with capital
letters for the same sample and small letters for the same concentration are
significantly different (0{0.05).
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samples might be related to the amino acid
composition of FCH (Table 1). The six major
amino acids, Gly, Ala, Pro, Glu, Hyp, and Arg,
accounted for nearly 73.4% of FCHs. Ala has been
found to relate to collagen synthesis [14], and
Pro-Hyp functions as a fibroblast growth factor,
which
Additionally, Arg is a precursor of proline, which

facilitates collagen formation [15].
contributes to collagen synthesis [16].

In particular, the <1 kDa fraction significantly
increased the amount of synthesized type 1
collagen in a dose-dependent manner at all tested
concentrations (100, 250, 500, and 1000 ug/mL:
137.01 ng/mL, 179.18 ng/mlL, 208.76 ng/mL, and
228.4 ng/ml), while FCHs and )1 kDa fraction
did not
Furthermore, at the concentrations of 500 and
1,000 ug/mL, the {1 kDa fraction produced more

show this dose-dependent activity.

than twice the amount of collagen synthesis
compared to that of the control (97.02 ng/mlL)
and exhibited a significant difference in the
production of collagen compared with FCHs and
>1 kDa fraction (p<0.05).

The amounts of UV-induced MMP-1 in the
Hs68 cells treated with FCHs and ultrafiltration
fractions ({1 kDa, »1 kDa) are exhibited in Fig.
2(B). All three samples showed a dose-dependent
inhibition of MMP-1. At the concentrations of
500-1,000 pg/mL, all samples significantly
the production of MMP-1.
studies have shown that Gly, Glu, Pro, and Hyp
consisting of FCH (Table 1) inhibit MMP
secretion [8,16). The MMP-1 inhibition effect of

these fish collagen-derived samples may be due

reduced Several

to their amino acid composition.
In particular, the <1 kDa fraction was found to
inhibit the MMP-1

effectively among the three samples. In the

in Hs68 cells the most

concentration range of 250-1,000 pg/mlL, the <1
kDa fraction significantly inhibited the MMP-1
expression (20.43 ng/mlL, 15.33 ng/mL, and 13.18
ng/mL) compared to the UV-irradiated control

cells (26.98 ng/ml). Therefore, the (1 kDa

fraction was considered to have the highest
anti-aging activity and thus was further isolated

into a Zorbax Cis column.

3.3 Anti—aging properties of fractions isolated
from HPLC

After ultrafiltration of FCHs, the <1 kDa
fraction was separated by HPLC on a Cl8
semi-prep column, leading to the collection of
two fractions (A and B) (Fig. 3(A)). The amounts
of procollagen released in fractions A and B were
241.97 + 5.02 ng/mL and 213.48 * 3.01 ng/mL,
respectively. The collagen-synthesizing and
MMP-1-inhibiting abilities of fraction A were
13.35% and 22.15%

compared to those of fraction B. Fraction A was

greater, respectively,
further resolved using a Zorbax analysis Cis
column; three fractions (I, II, and III) were
collected and lyophilized (Fig. 3(B)). Treatment
with fraction I yielded 21.28% higher collagen
synthesis and 22.51% lower MMP-1 expression
compared with the least bioactive fraction (II).
The fraction with the highest anti-agingpotential,
fraction I, was further resolved using an analysis
column. Fig. 3(C) shows the two additional
fractions (I-I and I-II) isolated from fraction I;
treatment with fraction I-Iyielded 52.67% higher
procollagen production and 23.21% lower MMP-1
expression than treatment with fraction I-IL
Therefore, the most bioactive fraction (I-I) was
purified into a clear single peak, as shown in Fig.
3(D).

The procollagen synthesis, MMP-1 inhibition,
and the yield of the anti-aging peptides at each
separation were exhibited in Table 2.
obtaining

Fig. 3. Purification scheme for

anti-aging  peptides from fish  collagen
hydrolysates. (A) First isolation of the {1 kDa
fraction using a semi-preparative column, (B)
second isolation of fraction A using an analytical
column, (C) third isolation of fraction I, and (D)

final purification of fraction I-1.
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Table 2. Purification of the anti-aging peptide from fish collagen hydrolysate (FCH)

Purification stagea Procollagen (ng/mL) MMP-1 (ng/mL) Yield (%)
FCH 183.60 + 4.93 17.38 + 1.66 100
Ultrafiltration ({1 kDa) 22840 + 12.68 13.18 + 2.05 40.10 £ 9.12
First RP-HPLC (fraction A) 24197 + 5.02 11.30 £ 0.69 15.34 £ 404
Second RP-HPLC (fraction 1) 247.65 + 8.26 10.76 + 0.60 223 +218
Third RP-HPLC (fraction I-I ) 268.95 + 27.20 9.80 + 1.83 1.40 + 0.58

? The concentration of the sample for each purification stage was 1 mg/mL.

3.4 Identification of the anti—aging peptide

The amino acid composition of FCH fraction
I-1 is presented in Table 3 [12]. The major amino
acids in fraction I-I were Gly, Ala, Arg, Lys, Glu;
together, these six amino acids comprised
approximately 85.15% of fraction I-1. Gly was the
most abundant amino acid in fraction I-I, which
may be due to the repeating Gly-X-Y sequence
in collagen. Additionally, the high Ala and Lys
FCH contents are in agreement with previous
studies showing that these two amino acids
contribute to collagen formation [14]. Arg is a
precursor of proline synthesis [16], which is an
important amino acid in collagen synthesis. Thus,
the amino composition of fraction I-I is in good
with components of

agreement the major

collagen hydrolysates.

Table 3. Amino acid composition of the purified peptide
(fraction I-I) from fish collagen hydrolysate
(FCH) (Data citation in the reference of 12)

Amino acid 8}?(%) sg;t)laon
Glycine 32.44
Alanine 23.89
Arginine 15.61
Lysine 8.06
Glutamic acid + glutamine 5.15
Threonine 3.53
Aspartic acid + asparagine 171
Phenylalanine 1.68
Hydroxyproline 1.16
Histidine 1.09

® Expressed as grams per 100 g of amino acids.

The molecular mass of fraction I-I was determined
using LC/MS. The
determined to have a molecular mass of 686.175

anti-aging peptide was

Da. Through Edman degradation sequencing, the
amino acid sequence of fraction I-I was identified to
be Gly-Arg-Arg-Gly-Asn-Lys (GRRGNK).

3.5 Anti—aging properties of the synthesized
peptide

In order to confirm the anti-aging activity of
the isolated peptide, the peptide (GRRGNK) was
synthesized. The anti-aging activity of GRRGNK
was determined to identify the active component
in fraction I-I (Table 4). No significant difference
was observed in the amounts of procollagen
synthesis and MMP-1 inhibition stimulated by
fraction I-I and GRRGNK. Additionally, GRRGNK
vielded 81.8% higher collagen synthesis and
63.57% lower MMP-1 expression compared with
the UV-irradiated control. Thus, the purified
peptide was verified to be actually relevant to the
anti-aging effect.

Table 4. Anti-aging properties of the purified peptide
(fraction I-I) and the synthesized peptide

(GRRGNK)
Samples’ Procollagen (ng/mL) MMP-1 (ng/mL)
Fraction I-I 268.95 + 27.20 a 9.80 + 1.83 b
GRRGNK 267.28 + 1375 a 950+ 120 b

? The concentration of the sample was 1 mg/mL.
Means with the same letters within the same column are not
significantly different (0/0.05).
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4. Conclusion

A bioactive peptide with anti-aging properties

was  isolated  using  ultrafiltration  and
high-performance chromatography from FCHs,
and its sequence was identified. Although the
of GRRGNK and its

derivatives have not been previously studied,

anti-aging properties

peptides with  similar  compositions and
sequences have been investigated. In one study,
Arg-Gly-Asn was reported to show similar effects
to Arg-Gly-Asp [17],

related to cell binding and adhesion. Cell binding

a Dbioactive tripeptide
proteins have also been reported to enhance cell
proliferation, since cells express receptors that
enable binding to tissue collagen structures [18].
Thus, the Arg-Gly-Asn portion of the isolated
GRRGNK peptide may enhance fibroblast proliferation,
leading to higher collagen synthesis. It is also of
note that Gly-Asn-Lys, which can be located at
the C-terminus of the GRRGNK peptide, exhibits
a similar structure to Gly-His-Lys (GHK). It is
recognized that GHK is a tripeptide involved in
wound healing and copper-GHK complexes have
been reported to stimulate fibroblast growth and
increase collagen production [19,20].
Furthermore, a variety of collagen-derived
peptides composed of diverse combinations of
amino acids were shown to have collagen
synthesizing and MMP-1 inhibiting effects. A
research study reported that Chum salmon skin
hydrolysate consisting of Gly, Glu, Pro, and Hyp
significantly increased collagen production and
inhibited MMP-1 expression [21]. Additionally,
collagen hydrolysate from bovine hide with high
contents of Gly, Glu, Arg, Pro, and Hyp showed
increased collagen synthesis and decreased
MMP-2  production [8]. Jellyfish collagen
hydrolysate rich with Gly, Pro, Glu, Asp, and Ala
was reported to show collagen synthesis and
antioxidant activity [8]. Another study revealed
that specific ratios of Arg, Glu, Val, Ile, and Leu

could synthesize collagen and inhibit skin aging

[22]. These studies show that there can be

numerous combinations of amino acid

compositions that could contribute to skin
protective effects. Thus, it can be assumed that
the identified GRRGNK peptide possesses a high
possibility as a potential anti-aging peptide.

These identified
GRRGNK peptide possesses high potential as an

studies indicate that the

anti-aging peptide. Specially, the {1 kDa fraction
of FCH exhibited effective intestinal permeation
and digestive enzyme stability [12], indicating

that it is suitable for the application in

anti-aging foods and cosmetic products.

REFERENCES

[1] J. H. Chung et al. (2001). Modulation of skin collagen
metabolism in aged and photoaged human skin in
vivo. Journal of Investigative Dermatology, 117(5),
1218-1224.

[2] A. Veis & A. G. Brownell. (1977). Triple-helix
formation on ribosome-bound nascent chains of
procollagen: deuterium-hydrogen exchange studies.
Proceedings of the National Academy of Sciences,
74(3), 902-905.

[3] J. H. Yim, M. S. Jang, M. Y. Moon, H. Y. Lee, S. C. Kim
& N. H. Lee. (2015). Constituents from the branches of
Sambucus  sieboldiana var. pendula with the
properties of collagen synthesis activation. Journal of
Applied Pharmaceutical Science, 5(4), 119-122.

[4] K. K. Dong et al. (2008). UV-induced DNA damage
initiates release of MMP-1 in human skin.
Experimental Dermatology, 17(12). 1037-1044.

[5] J. Varani et al. (2001). Inhibition of Type I procollagen
synthesis by damaged collagen in photoaged skin and
by collagenase-degraded collagen in vitro. The
American Journal of Pathology, 1583), 931-942.

[6] C. Alasalvar, F. Shahidi & P. Quantick. (2002). Food
and health applications of marine nutraceuticals: a
review, in seafoods - Quality, technology and
nutraceutical — applications, Berlin, Heidelberg
Springer Berlin Heidelberg.

[7]1 E. Rochima, S. Nadia, D. B. Ibnu, A. Eddy & I. P.
Rusky. (2016). Isolation and characterization of
collagenase from Bacillus subtilis (Ehrenberg, 1835);
AT.CC 6633 for degrading fish skin collagen waste
from Cirata Reservoir. Indonesia. Aquatic Procedia,

7(1). 76-84.
[8] V. Zague, V. Freitas, M. C. Rosa, G. A. Castro, R. G.



Convergence Study on Preparation of Anti-aging Peptides from Fish Collagen Hydrolysates 71

(9]

(101

(11]

(12]

(13

[14]

(15]

(16]

(17]

(18]

(191

[20]

Jaeger & G. M. Machado-Santelli. (2011). Collagen
hydrolysate intake increases skin collagen expression
and suppresses matrix metalloproteinase 2 activity.
Journal of Medicinal Food. 14(6), 618-624.

M. Tanaka, Y. Koyama & Y. Nomura. (2009). Effects of
collagen peptide ingestion on UV-B-induced skin
damage. Bioscience, Biotechnology, and Biochemistry,

73(4), 930-932.

S. H. Park, J. K. Lee, J. K. Jeon & H. G. Byun. (2011).
Characterization of a collagenase-1 inhibitory peptide
purified from skate Dipturus chilensis skin. Korean
Journal of Fisheries and Aquatic Sciences, 44(5), 456-463.

L. Wang, X. An, F. Yang, Z. Xin, L. Zhao & Q. Hu.
(2008). Isolation and characterisation of collagens
from the skin, scale and bone of deep-sea redfish
(Sebastes mentella). Food Chemistry, 108(2), 616-623.

H. J. Je, Y. K. Han, H. G. Lee & I. Y. Bae. (2019).
Anti-aging potential of fish collagen hydrolysates
subjected to simulated gastrointestinal digestion and
Caco-2 cell permeation. Journal of Applied Biological
Chemistry, 62(1), 101-107.

J. Kleinkauf-Rocha, L. D. Bobermin, P. M. Machado, C.
A. Gongalves, C. Gottfried & A. Quincozes-Santos.
(2013). Lipoic acid increases glutamate uptake,
glutamine synthetase activity and glutathione content
in C6 astrocyte cell line. [nternational Journal of
Developmental Neuroscience, 31(3). 165-70.

S. Cho, J. R. Koo & S. B. Kim. (2014). Physicochemical
properties of gelatin from jellyfish Rhopilema hispidum.
Fisheries and Aquatic Sciences, 17(3). 299-304.

Y. Shigemura et al. (2009). Effect of prolyl-hydroxyproline
(Pro-Hyp), a food-derived collagen peptide in human
blood, on growth of fibroblasts from mouse skin.
Journal of Agricultural and Food Chemistry, 57(2),
444-449.

S. Mohan, C. C. Wu, S. Shin & H. L. Fung. (2012).
Continuous exposure to L-arginine induces oxidative
stress and physiological tolerance in cultured human
endothelial cells. Amino acids, 43(3). 1179-1188.

L. Preciado-Patt, R. Hershkovitz, O. Lider, S. Feiertag,
G. Jung & M. Fridkin. (1999). A study of extracellular
matrix-cell adhesion peptidic epitopes related to
human serum amyloid A (SAA). Letters in Peptide
Science, 6(2), 99-108.

J. Heino. (2007). The collagen family members as cell
adhesion proteins. BioEssays, 29(10). 1001-1010.

T. Badenhorst, D. Svirskis & Z Wi (2016). Physicochemical
characterization of native glycyl-l-histidyl-I-lysine
tripeptide for wound healing and anti-aging: a
preformulation study for dermal delivery. Pharmaceutical
Development and Technology, 21(2), 152-160.

P. J. Huang, Y. C. Huang, M. F. Su, T. Y. Yang, J. R.
Huang & C. P. Jiang. (2007). /n vitro observations on
the influence of copper peptide aids for the LED
photoirradiation of fibroblast collagen synthesis.

Photomedicine and Laser Surgery, 25(3), 183-190.

[21] ]. Liang, X. P. Z. Zhang, N. Wang, J. Wang & Y. Li.
(2010). The protective effects of longterm oral
administration of marine collagen hydrolysate from
Chum Salmon on collagen matrix homeostasis in the
chronological aged skin of Sprague-Dawley male rats.

Journal of Food Science, 75(8), H230-H238.

J. Z. Williams, N. Abumrad & A. Barbul. (2002). Effect
of a specialized amino acid mixture on human collagen
deposition. Annals of surgery, 236(3), 369-375.

[22]

Hi @1 F(n Young Bae) ERNEER)

- 19979 24 TSt AlEP st
THo|E}FAAT)

- 20069 8¢ @ SFstm AlFFUst
o] kA

201349 3¥ ~ @4 : SEosta 4]
EJUe Hug

Bl | ABA1E, TS HAE

- E-Mail : iybae@kdu.ackr

8t 2 Z(Yoo Kyung Han) [5H85|2]
- 20153 89K : slokfistw A]ZEQjoks}t
FHoIEHAAD

TR} | AFE, NISHNE

- E-Mail : gloriayk@hanyang.ac.kr

H & H(Hyun Jung Je)
- 20154 29 : StoFostw A]ZojoFst
THo]SHAIAT)

- BARCE ARV, 7158AE

- E-Mail : tcg2000@naver.com

0| & F(Hyun Jun Lee) [&5/9]
- 20089 129 ~ BA : @54l 7154
ENEE(ZHAD

L THEOL 1 ISYNE, AEONE

- E-Mail : lee33@nongshim.com



72 3=83etsl=EX H11H H63

0

& T(Hyeon Gyu Lee) (M35
- 19914 8¢ : University of Rhode
Island(21&3}8}t AJAf)

- 199449 12€ : North Carolina
State University(4]&3}5} 8kA})
-19964¢ 3¥ ~ @A) : FFHTE AF

FIet w4
U - Bor : 4B, 1544E

- E-Mail : hyeonlee@hanyang.ac.kr




