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ABSTRACT
In the present study, we investigated the effect
of collagen and collagen peptides from bluefin
tuna abdominal skin on cancer cells. Collagens
were extracted from bluefin tuna (Thunnus orientails) abdominal, mackerel, and carp skin. The
calf and salmon collagen were used reagent
grade as a standard samples. The main protein
band pattern produced by SDS-PAGE of all collagen samples consisted of two chains and one
chain. For collagen peptides samples, bluefin
tuna abdominal skin collagen and salmon skin
collagen were hydrolyzed by trypsin. Among
samples, salmon, mackerel, carp collagen, and
their collagen peptides did not significantly reduce relative cell growth. However, the bluefin
tuna abdominal skin collagen dramatically reduced HepG2 and HeLa cell growth by over 50%
relative in a concentration-dependent manner
when added to cells seeded 96-well plates. This
suggests the collagen adding time was mightily
important for effect of the collagen.
Keywords: Bluefin Tuna Skin Collagen; Type I
Collagen; HepG2 Cell; HeLa Cell

1. INTRODUCTION
To date, many researchers have reported the prevention of cancer both in vitro and in vivo by administration
of various functional foods or their extraction components [1]. Collagen is a common protein and significant
part of the living bodies of mammals. As a structural
protein, collagen is essential to creating physical structure, and as an extracellular matrix protein, it acts as a
supporting framework over which cells are arranged [2].
Collagen has been utilized as a material in foods, cosmetics, pharmaceuticals, and experimental reagents.
Commercial sources of collagen usually include mamCopyright © 2011 SciRes.

mals such as cows or pigs; however, marine animals
have garnered increased attention as a backup collagen
resource ever since the onset of bovine spongiform encephalopathy (BSE) in the cattle industry [3].
These days, consumption of fish worldwide has increased, especially with the Japanese, who consume a
wide range of fish species [4]. Particularly, bluefin tuna
(Thunnus Orientails) is one of the most popular types of
tuna in Japan, and its consumption is always increasing.
However, such large demand has resulted in large quantities of fish wastes, including skin, bone, and fins, produced by many fish shops and fish-processing factories.
These wastes are usually dumped, resulting in pollution
and an offensive odor [5]. Therefore, recent studies have
focused on the extraction of collagen and from fish
wastes. Studies have reported the effect of animal collagen on osteoporosis [6]. For example, there have been
numerous studies supporting the hypothesis that collagen
from shark contains antiangiogenic and antitumor compounds [7]. However, collagen from bluefin tuna as a
functional component as well as its effect on cancer cells
has not been studied.
In this study, we report the preparation of type I collagen and collagen peptides from bluefin tuna as well as
their actions on HepG2 (Human hepatocellular liver carcinoma cell line) and HeLa cells (Human cervical cell
line).

2. MATERIALS AND METHODS
2.1. Collagen Preparations
Bluefin tuna (Thunnus orientails) was obtained in an
unfrozen state at 4˚C within 24 hr after catching from
the tuna cultivation fields of Kinki University, Japan.
The skin of bluefin tuna was dissected from the body
and stored at –20˚C. Bluefin tuna abdominal skin type I
collagen and other collagens were isolated according to
previously reported procedures [1,8] with slight modifiOpenly accessible at http://www.scirp.org/journal/HEALTH/

130

S.-H. Han et al. / Health 3 (2011) 129-134

cation. The collagen extraction methods can be divided
into three steps as follows: Defatting, acid extraction
with protease, and salting out and dialysis. Our method
is based on previous research on the extraction of type I
collagen. The final protein recovery rate of type I bluefin
tuna abdominal skin collagen was 1.8 g/100 g and the
dry yield was 4.1%. This yield was similar to those of
previous reports featuring acetic acid soluble extraction.
Briefly, the abdominal skin of bluefin tuna without muscle and scales was washed under running water and cut
into small pieces. The pieces were then defatted three
times with MeOH/CHCl3 (2:3) and then washed by
methanol and water. Second step was Extraction in acid
solution was carried out next at 4˚C. The defatted pieces
were homogenized in 10 vol (w/v) of 0.5 M acetic acid
for 5 min at 10,000 rpm using a homogenizer (AM-1,
NIHONSEIKI KAISHA Ltd., Japan). The homogenates
were kept at 4˚C for 24 hrs with continuous stirring. The
suspension was centrifuged (10,000 × g, 30 min) to remove any residue. Pepsin (3130 U/mg solid; Nacalai
tesque INC. Kyoto, Japan) was then added to the supernatant (7 g/L), and the mixture was gently stirred for 2
days. Collagen was then precipitated by salting out with
25% (w/v) NaCl and centrifuged at 5,000 × g for 30 min.
The resultant precipitate was dissolved in 0.5 M acetic
acid and centrifuged (15,000 × g, 60 min). The supernatant was dialyzed into distilled water for 5 days at 4˚C
and lyophilized. Calf and salmon skin type I collagens
were purchased from Wako Pure Chemical Industries,
Ltd., Japan and mackerel and carp collagen were extracted as mentioned above.

2.2. Protein Recovery Rate and Collagen
Yield
Protein recovery rate was estimated by the Bradford
method, and collagen yield (dry basis) of bluefin tuna
abdominal skin was calculated by the following:
(Weight of final collagen sample, g)/(weight of bluefin tuna sample, g) × 100

2.3. Sodium Dodecyl Sulphate
Polyacrylamide Gel Electrophoresis
(SDS-PAGE) and Western Blotting
SDS-PAGE was performed by the method of Laemmli
[9] using the Tris-HCl/glycine buffer system with a 7.5%
resolving gel and 4% stacking gel. The collagen sample
was dissolved in sample buffer (0.5 M Tris-HCl, pH 6.8,
containing 8% SDS, 30% glycerol, 0.2% bromophenolblue) containing 5% -ME and then boiled for 5 min.
The samples were loaded and electrophoresed. For detection of bluefin tuna abdominal skin collagen, we prepared anti-fish collagen antibodies as follows. Salmon
Copyright © 2011 SciRes.

skin collagen type I (2 mg/mL) was immunized into
guinea pig five times. Then, the serum was drawn
four times on days 0, 24, 31, and 45, and titers and reactivities were checked. For Western blotting, the sample
was loaded onto SDS-PAGE gels, electrophoresed, and
then transferred onto a PVDF membrane, followed by
incubation for 1 hr with primary antibody (1:150) at
25˚C. Blots were washed with PBST buffer (3 × 5 min)
and incubated for 1 hr at 25˚C with secondary antibody
(anti-guinea pig IgG conjugated with peroxidase (1:1000)).
The protein band on the membrane was detected on
X-ray film using the standard enhanced chemiluminescent (ECL) method (GE health care, USA).

2.4. Preparation of Collagen Peptides
Preparation of collagen peptides was performed by the
method of Zhang et al. [10]. The extracted bluefin tuna
abdominal skin collagen and salmon skin collagen were
dissolved in 0.1 M sodium phosphate buffer (pH 7.8) at
a concentration of 6 mg/mL. After adding 11,600 units/mg
of trypsin (EC.3.4.21.4., Sigma Chemical Co.) to collagen solution (0.07 g/mL), the reaction mixture was
incubated at 37˚C for 5 min. To stop the reaction, the
mixture was heated immediately at 100˚C for 10 min,
followed by centrifugation at 10,000 × g for 10 min at
4˚C.

2.5. Determination of Degree of Hydrolysis
The degree of hydrolysis was determined by the
2,4,6,-trinitrobenzene sulfonic acid (TNBS) method
[11,12]. One milliliter of 0.1% TNBS solution was added to 1 mL of sample solution (0.15 mg/mL) containing
1% sodium dodecyl sulfate (SDS) and 4% NaHCO3
buffer (pH 9.5). The resulting solution was rapidly
mixed, reacted at 40˚C for 2 hrs in a water bath, and finally stopped by the addition of 0.5 mL of 1 N HCl and
10% SDS. The absorbance of the sample was read at 490
nm using a spectrophotometer against a blank control.
The total number of amino groups was determined in a
sample that was 100% hydrolyzed at 110˚C for 24 hrs in
6 N HCl [13]. The absorbance of the sample was read at
490 nm against a blank, and the readings were converted
to the number of free amino groups by comparison with
a standard curve prepared using glycine.

2.6. Cell Culture and MTT Assay
HepG2 cells were grown in Dulbecco’s-modified Eagle’s medium (DMEM; Nissui, Tokyo, Japan) supplemented with 1% Non-Essential Amino acids, 7.5% NaHCO3, 100 units/mL of penicillin, 100 g/mL of streptomycin, 200 mM glutamine, and 100 mM pyruvic acid
in a 5% CO2 incubator at 37˚C. HepG2 cells (1.0 × 104)
Openly accessible at http://www.scirp.org/journal/HEALTH/
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were cultured in each well of a 96-well plate for 24 hrs
at 37˚C in a CO2 incubator. HeLa cells (4.0 × 103) were
grown in medium (DMEM; Sigma, MO, USA) supplemented with 1% Non-Essential Amino acids, 0.4% NaHCO3, 100 units/mL of penicillin, 100 g/mL of streptomycin, and 100 mM pyruvic acid in a 5% CO2 incubator
at 37˚C. Sample solutions of various concentrations (5, 10,
15, and 20 g/100 L of medium) were then added to the
seeded HepG2 and HeLa cells, followed by 24 hrs of incubation at 37˚C in a CO2 incubator. Relative cell growth
was assayed by the MTT method, which is based on the
protocol described by Mossmann. Briefly, cells were incubated for 4 hrs with 10 L of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyl-tetrazoliumbromide) (MTT) solution (5
g/L). After the detection of formazan under a microscope, the medium in the 96-well plates was removed by
centrifugation (500 × g, 15 min). Isopropanol-0.04N HCl
was added to the 96-well plates, followed by shaking for
15 min. Then, 10 L of 3% SDS solution was added,
after which the absorbance was recorded using a dual
filter (595/655 nm).

2.7. Caspase Activity and Cytotoxicity
HepG2 (1.0 × 104) and HeLa cells (4.0 × 103) were
seeded in 96-well plates and incubated for 24 hrs at 37˚C
in a CO2 incubator. After incubation, samples (20 g/100
l of medium) were added, and the plate was incubated
for 24 hrs at 37˚C in a CO2 incubator. Caspase activity
and cytotoxicity were measured using a Caspase-Glo
assay kit (Promega Co. USA) and CytoTox96 non-radioactive cytotoxicity assay kit (Promega Co. USA).
Namely, cells in medium (100 L) were collected using
trypsin inhibitor and spinned down for 2 min. The medium was then exchanged with 100 L of new medium,
followed by mixing of the samples. For measurement of
caspase activities, 20 L of sample medium was added
to the assay plate along with 20 L of substrate mixed
with buffer. The assay plate was then reacted for 30 min
at room temperature, and the luminescence of the plate
was measured. For the cytotoxicity assay, 30 L of sample medium was added to the assay plate, after which 30
L of substrate mixed with buffer was added, mixed, and
reacted for 30 min at room temperature while excluding
light using aluminum foil. Then, 30 L of 1 M acetic
acid was added to the plate, and the absorbance was
measured at 490 nm.
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sis System. P values (p < 0.05) were considered significant.

3. RESULTS AND DISCUSSION
3.1. Electrophoresis and Western Blotting
The collagen samples from bluefin tuna abdominal
skin and reagent grade salmon were analyzed by 7.5%
SDS-PAGE (Figure 1). The separation pattern shows
that bluefin tuna abdominal skin and salmon skin collagen were composed of two  chains (1 and 2) and
one  chain. The purity of the collagen extracted from
bluefin tuna abdominal skin was 83.7%. The density of
the 1 chain was higher than that of the 2 chain for
both bluefin tuna abdominal skin collagen and salmon
skin collagen. This result is similar to previous reports
on other fish species and is typical of type I collagen
[14,15]. The estimated molecular weights for the and
2 chains compared to a standard were approximately
120 and 112 kDa, respectively [16]. From the results, the
1, 2, and  chains of bluefin tuna abdominal skin collagen were lower purity than those of salmon skin collagen. The  chain is a dimer with a molecular weight of
approximately 205 kDa. The SDS-PAGE patterns of the
 chain were similar regardless of fish species. The
topmost band was likely due to agglomeration of protein
particles by proteolysis during electrophoresis. The collagen extracted from bluefin tuna abdominal skin showed
a clearer SDS-PAGE pattern at the low molecular weight
region compared to that of salmon. The prepared antisera
against salmon skin collagen were reacted with bluefin
tuna abdominal skin collagen and salmon skin collagen.
The reactivity of salmon collagen was high while the
reactivity of bluefin tuna abdominal skin collagen was
not relatively high. This result seems to suggest that
bluefin tuna abdominal skin collagen and salmon skin
collagen differed in sequence.

2.8. Statistical Analysis
Analysis of variance (ANOVA) was performed, and
differences among the samples were determined by
Duncan’s Multiple Range Test using the Statistical Analy-

Copyright © 2011 SciRes.

Figure 1. SDS-PAGE of fish skin collagen and Western blot
analysis by using antisera. SAC: Salmon skin collagen; TUC:
Bluefin tuna abdominal skin collagen.
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3.2. Degree of Hydrolysis

3.3. Effect of Collagen and Collagen
Peptides on Growth Inhibition of Cells
Effects of collagen and collagen peptides on growth
inhibitor of cells are shown in Figure 2. We investigated
the adding timing effect of the collagen and collagen
peptides samples on HepG2 and HeLa cells. Samples at
the same concentration were added to HepG2 and HeLa
cells seeded in 96-well plates. HepG2 and HeLa cell
growth increased with the concentrations of salmon collagen, salmon collagen peptides, and bluefin tuna abdominal skin collagen peptides. However, cell growth
decreased upon the addition of bluefin tuna abdominal
skin collagen. Salmon skin collagen and salmon collagen
peptides induced increased HepG2 cell growth by 35%
while bluefin tuna abdominal skin collagen peptides
increased relative HepG2 cell growth by 30%. HeLa
cells also experienced similar increases in relative growth.
Salmon collagen and salmon collagen peptides increased
relative HeLa cell growth by over 50%. This result was
similar with other reported reports, which showed that
collagen is able to stimulate cell proliferation and
Copyright © 2011 SciRes.
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The peptides of bluefin tuna abdominal skin collagen
and salmon skin collagen were prepared by trypsin digestion. The degree of hydrolysis of salmon skin collagen peptides was 53.1%, whereas the degree of hydrolysis of bluefin tuna abdominal skin collagen peptides was
96.2%. Therefore, the degree of hydrolysis of prepared
salmon skin collagen peptides was lower than that of
collagen peptides from bluefin tuna abdominal skin by
43%. The residue content of collagen (MW 300,000) upon
hydrolysis into only glycine residues produced 2.25 ×
1010 mol (1 mg of glycine = 1.33 × 10-5 mol). Therefore,
we assumed that the residue content of hydrolyzed
(96.2%) bluefin tuna abdominal skin collagen was 2.16
× 1010 mol while that of hydrolyzed (53.1%) salmon skin
collagen was 1.20 × 1010 mol. These results are perhaps
due to differences in amino acid and imino acid content
between bluefin abdominal skin collagen and salmon skin
collagen [15]. The high imino acid content of collagen
increased the thermal stability of collagen. Denaturation
of collagen occurs at above 25˚C during enzyme digestion, and any lower temperature reduces enzyme activity
under the same conditions. Therefore, salmon skin collagen contained higher imino acid content than that of
bluefin tuna abdominal skin collagen. Furthermore, amino
acid content had some effects on the thermal stability of
collagen. According to another report, differences in
amino acid composition affected the denaturation point
[17]. For instance, collagen sample with high leucine
and lysine content had a higher denaturation point.
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Figure 2. Effect of salmon skin collagen, bluefin tuna abdominal skin collagen, and their peptides on HepG2 and HeLa
cell growth by MTT assay. The seeded cells were not incubated,
and the samples were added to cells seeded in a 96-well plate.
Then, the cells were incubated for 24 hrs in a 37˚C incubator
(HepG2 (A) and HeLa (A)). The seeded cells were incubated
for 24 hrs at 37˚C after which the samples were added. After
addition of the collagen samples, the cells were incubated
again for 24 hrs in a 37˚C incubator (HepG2 (B) and HeLa
(B)). Control: No addition sample; SAC: Salmon skin collagen;
SAP: Salmon skin collagen peptides; TUC: Bluefin tuna abdominal skin collagen; TUP: Bluefin tuna abdominal skin collagen peptides. *p < 0.05 compared with control.

adhesion when added during cell seeding. It may be that
the availability of collagen increases the stability of the
cytoskeleton as well as activation of signal transduction.
Moreover, the effect differs (increase or reduction of
relative cell growth) according to fish type and the molecular weight of collagen [18]. Bluefin tuna collagen
reduced cell growth when added to HepG2 and HeLa
cells seeded in 96-well plates (50% reduction of HepG2
cell growth and 38% reduction of HeLa cell growth).
More specifically, relative cell growth decreased with
the concentration of bluefin tuna abdominal skin collagen with dependence on cell type. The reduction of cell
growth by collagen was affected by cell type. The both
prepared collagen peptides showed not relative cell
growth reduction, significantly. We also compared the
effects of other fish collagens on cells (Figure 3). Bluefin tuna abdominal skin collagen had a relatively large
effect on cell growth. These results show demonstrate
the effects of fish type, fish skin collagen, fish skin collagen peptides, and the duration of collagen and collagen
peptide treatment. Particularly, addition of bluefin tuna
Openly accessible at http://www.scirp.org/journal/HEALTH/
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Figure 3. Effects of salmon skin collagen, bluefin tuna abdominal skin collagen, trout skin collagen, and carp skin collagen (20
g/well) on HepG2 and HeLa cell growth by MTT assay. The seeded cells were incubated for 24 hrs at 37˚C after which the samples
were added. After addition of the collagen samples, the cells were incubated again for 24 hrs in a 37˚C incubator (A). SDS-PAGE of
trout skin collagen and carp skin collagen.

abdominal skin collagen during cell attachment resulted
in decreased relative cell growth. This result suggests the
possibility that collagen may have a negative effect on
cancer cell growth and also that the duration of collagen
treatment is very important. It was reported that shark
cartilage modulates the immune response [19]. Specifically, shark cartilage inhibits the proliferation and migration of endothelial cells through the fibrin matrix,
which implies the modulation of adhesion molecules on
the surfaces of endothelial cells. Namely, when collagen
was added to attach cells, cell-cell adhesion was interrupted. However, there was a positive effect observed
when collagen was added during cell seeding. These
results suggest the possibility that other fish collagens
have effects on cells. For example, collagen is a sort of
optically-active protein. However, the hydrolysis of collagen induces collapse of the triple helix conformation
[20]. This implies that the different structures of collagen
and collagen peptides influenced adhesion molecules on
the surfaces of HepG2 and Hela cells. Furthermore, the
shape and density of the collagen strands had an effect
on cell growth. According to our data (Table 1), the in
hibition of relative cell growth was most likely not due
to cell apoptosis or necrosis. However, understanding the
reduction in cell growth is difficult since the related
mechanisms are very complex. Therefore, further investigation of the purified  and  bands of collagen in the
cells as well as the mechanisms of apoptosis, necrosis,
and growth inhibition is needed.

reagent grade salmon skin collagen consisted of two 
chains and one  chain. The degree of hydrolysis (DH)
of peptides from bluefin tuna abdominal skin collagen
was higher than that of salmon skin collagen by 43.1%.
Bluefin tuna abdominal skin collagen had a large inhibitory effect on HepG2 and HeLa cell growth. The duration of collagen treatment was also important. These
results suggest a role for collagen from bluefin tuna abdominal skin waste as a functional component in the
treatment of attached human cancer cells.
Table 1. Caspase activity and cytotoxicity.

Copyright © 2011 SciRes.

Caspase 9

Cytotoxicity

100.0 ± 2.6a1

100.0 ± 1.2a

100.2 ± 0.9a

Calf

94.7 ± 3.7a

94.1 ± 7.1a

98.6 ± 4.8a

Salmon collagen

99.6 ± 3.9a

103.6 ± 5.6a

98.1 ± 1.9a

Tuna collagen

96.8 ± 5.7a

97.7 ± 6.3a

98.3 ± 2.0a

Mackerel collagen

91.5 ± 5.0a

95.7 ± 6.0a

100.2 ± 1.1a

Carp collagen

97.3 ± 7.5a

101.6 ± 2.2a

100.9 ± 0.9a

Control

100.2 ± 1.2a

100.2 ± 3.0a

100.0 ± 3.0a

Calf

99.7 ± 5.6a

92.1 ± 8.0a

96.6 ± 2.5a

Salmon collagen

101.0 ± 2.1a

94.6 ± 2.1a

97.2 ± 2.8a

Tuna collagen

98.5 ± 5.9a

103.2 ± 3.4a

96.2 ± 5.1a

Mackerel collagen

100.9 ± 3.8a

100.9 ± 4.4a

101.4 ± 3.8a

Carp collagen

98.10 ± 3.2a

100.6 ± 1.7a

102.3 ± 0.4a

HepG2 cell
Control

HeLa cell

4. CONCLUSION
In this paper, we describe the preparation and effects
of collagen and collagen peptides from bluefin tuna abdominal skin on HepG2 and HeLa cells. The main protein band of bluefin tuna abdominal skin collagen and

Caspase 3/7

1

Superscripts in an each low of HepG2 and HeLa cell indicated significantly different difference at p < 0.05 by Ducan’s multiple comparisons.
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