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ABSTRACT

Collagen was extracted from the digestive tract and skin of a Japanese
amberjack (Seriola quinqueradiata) by acid extraction and limited pepsin
digestion. The amounts of collagen solubilized from the digestive tract were
smaller than those from the skin. Based on the solubility in NaCl solution,
electrophoretic and peptide map patterns, and amino acid composition, the
main digestive tract collagen was identified as type I, having characteristics
different from those of the body wall collagen in cyclostome intestine. Further,
the degree of hydroxylation of prolyl and lysyl residues in the type I collagen
of the digestive tract is significantly higher than that of the skin. Collagen
preparations from the digestive tract have a higher ratio of type V collagen
than those from the skin. Hence, the digestive tract collagen differs from that
in the skin in the degree or property of intermolecular crosslinking, posttrans-
lational modification, and molecular species composition.

PRACTICAL APPLICATIONS

Partial hydrolyzate of gelatin, in other word collagen peptide, has gained
popularity as a food ingredient, as it has been suggested to have health benefits,
such as improvement of skin and joint conditions. Recently, attention toward
collagen derived from marine origin such as fish skin increased because of the
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outbreak of bovine spongiform encephalopathy. Large amounts of the diges-
tive tract, stomach, intestine and adhesion tissues are generated by fishery
industries and most of them are by-products of low value. Although these
organs are also rich in collagen, the collagen in fish digestive tract has not been
characterized. The present study demonstrates that the collagen in digestive
tract differs from the skin collagen in the solubility, posttranslational modifi-
cation and molecular species composition. These facts suggest that modified
collagen peptides might be obtained from the digestive tract.

INTRODUCTION

Collagen is widely distributed in the skin, bone and other organs. Col-
lagen and gelatin, a heat-denatured collagen, have been used in food, cos-
metics, medicine, film, etc. Recently, in Japan and other countries, an
enzymatic digest of collagen, referred to as “collagen peptide,” has gained
popularity as a food ingredient and is believed to have health benefits, such
as the improvement of joint (Moskowitz 2000) and skin (Matsumoto et al.
2006) conditions.

Conventionally, collagen and gelatin have been manufactured mainly
from the bone and skin of livestock. However, the outbreak of bovine spongi-
form encephalopathy has resulted in increased attention toward collagen
derived from marine species. Presently, gelatin and collagen peptides are also
prepared from fish skin and scales on an industrial scale. Some collagen-based
products manufactured from fish are commercially available.

In the last decade, the physicochemical properties of fish collagens and
gelatins from skin (Gómez-Guillén et al. 2002; Jamilah and Harvinder 2002;
Jongjareonrak et al. 2005; Zhou and Regenstein 2005; Arnesen and Gildberg
2007; Cheow et al. 2007), scales (Nomura et al. 1996; Ikoma et al. 2003) and
bones (Nagai and Suzuki 2000; Ogawa et al. 2004) have been reported. Two
types of collagen – types I and V – have been identified as the major and minor
fibril-forming collagens, respectively, in fish muscle and skin (Kimura et al.
1988; Sato et al. 1988; Yata et al. 2001). Fish types I and V collagens have at
least two submolecular species designated as [a1(I)]2a2(I) and a1(I) a2(I)
a3(I) (Kimura et al. 1988), and [a1(V)]2a2(V) and a1(V) a3(V) a4(V) (Sato
et al. 1994). The major molecules in the types I and V collagens are
[a1(I)]2a2(I) and [a1(V)]2a2(V), respectively.

Large amounts of the digestive tract, comprising the stomach, intestine
and adhesion tissues, are generated by the fishery industries. In some cases,
these products are used to prepare traditional salted and fermented foods in
Japan. However, most of them are by-products of low value. Our preliminary
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experiment revealed that as compared with meat, these organs are richer in
collagen. Further, the fish digestive tract can be a potential source for collagen-
based products.

The presence of types I and V collagens in the alimentary tract of the tiger
puffer has been demonstrated using immunological techniques (Mizuta et al.
2005). On the other hand, the major collagen in the muscle and intestine of
cyclostomes, such as the lamprey and hagfish, is genetically different from the
type I collagen present in the skin (Kelly et al. 1988; Sato et al. 1989a; Kimura
and Matsui 1990; Matsui et al. 1990) and is termed body wall collagen, which
suggests that molecules similar to those present in body wall collagen are
present in the digestive tract of bony fishes. To the best of our knowledge,
collagen isolated from the digestive tract of bony fishes has not yet been
characterized.

The objective of the present study was to characterize the collagen from the
digestive tract of a bony fish and compare the biochemical properties of collagen
from the digestive tract with those of collagen from the skin. Thus, collagens are
isolated from both the digestive tract and skin of the same Japanese amberjack
individual. We found that the digestive tract collagen is less soluble and consists
of higher amount of type V collagen than skin one. In addition, the main
collagen in the digestive tract is identified as the type I collagen, in which the
degrees of hydroxylation of prolyl and lysyl residues are higher than skin one.

MATERIALS AND METHODS

Materials

A Japanese amberjack Seriola quinqueradiata individual in rigor mortis
(body weight, 1.9 kg) was obtained from a local fish market in Kyoto city
and brought with ice to laboratory. The fish was skinned, filleted and used
immediately.

Porcine pepsin (crystallized and lyophilized, EC 3.4.23.1) and lysyl
endopeptidase from Achromobacter lyticus (EC 3.4.21.50) were obtained from
Sigma Chemical Co. (St. Louis, MO) and WAKO (Osaka, Japan), respectively.
All other reagents were of analytical grade or better.

Preparation of Collagens

All preparations were performed at 5C. The digestive tract, comprising
the stomach and intestine, was washed using tap water to remove the inner
contents, and it was then cut into small pieces using scissors. The skin of the
muscle was removed and cut into small pieces using scissors. Acid-soluble
(ASC), pepsin-solubilized (PSC) and insoluble collagen (ISC) fractions were
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prepared from each organ by the method described previously (Sato et al.
1988). An aliquot of ASC was digested with pepsin to detect the presence of
type V collagen by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE), as described previously (Sato et al. 1989b).

Differential Salt Fractionation of Collagen

PSC fractions from the skin and digestive tract were fractionated with
NaCl under neutral and acidic conditions by the method described previously
(Sato et al. 1991). Briefly, the collagen in the PSC fraction was precipitated by
adding NaCl to yield 2.0 M. The precipitate was washed with 50 mM Tris-HCl
buffer (pH 7.5) containing 4.4 M NaCl to increase pH to 7.5. The residue was
successively extracted with the Tris-HCl buffers containing 2.4 and 1.7 M
NaCl. The solubilized collagens were then precipitated by adding NaCl to
yield 4.4 and 2.4 M, respectively. The precipitate obtained using 4.4 M NaCl
was extracted with 11.5% (w/v) ammonium sulfate in 0.5 M acetic acid, and
the supernatant thus obtained was salted out by adding ammonium sulfate to
yield 20.0% (w/v) in 0.5 M acetic acid (type V fraction). The precipitate
obtained using 2.4 M NaCl was resolved in 0.5 M acetic acid and then salted
out using 11.5% (w/v) ammonium sulfate (type I fraction).

Determination of Types I and V Collagens

The amounts of the types I and V collagens in the ASC, PSC and ISC
preparations were calculated on the basis of the hydroxyproline content of the
hydrolyzates and the relative staining intensity of type V collagen a1(V) band
as compared with the total collagenous bands on SDS-PAGE gels, as described
previously (Sato et al. 1989b). In order to convert the hydroxyproline content
to collagen content, factors 8.6 and 8.5 were used for the hydrolyzates from the
skin and digestive tract, respectively, on the basis of the amino acid compo-
sition of the Japanese amberjack type I collagen. SDS-PAGE was performed
according to the method of Laemmli (1970) using a 7.5% gel. The gels were
stained with Coomassie Brilliant Blue R-250 and scanned and processed with
a Masterscan (CSPI, Billerica, MA). The ratio of staining intensity of a1(V)
chain to all bans in the pepsin-treated type V collagen on SDS-PAGE is almost
constant (0.5) among several fishes (Sato et al. 1989b). Then type V collagen
content can be estimated on the basis of the staining intensity and total
collagen content. The same sample was analyzed on the three gels. The results
were expressed as mean ! standard deviation.

Amino Acid Analysis

For the amino acid analysis, the samples were hydrolyzed under vacuum
with 6 M HCl at 150C for 1 h. Amino acid analysis was performed by the
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method of Bidlingmeyer et al. (1984) with slight modifications, as reported
previously (Sato et al. 1992). The same sample was independently hydrolyzed
and analyzed three times. The results were expressed as mean ! standard
deviation.

Peptide Mapping

For peptide mapping, the isolated type I collagen was denatured by
heating at 50C in 50 mM Tris-HCl (pH 9.0) to yield a 0.2 mg/0.2 mL fraction
that was then digested by Achromobacter lyticus lysyl endopeptidase (0.1 AU)
at 37C overnight. Peptides generated by the protease digestion were resolved
by reversed-phase high-performance liquid chromatography using a Cosmosil
5C18-AR-300 column (4.6 ¥ 50 mm, Nacalai Tesque, Kyoto, Japan) with a
linear gradient from 10 to 45% acetonitrile containing 0.1% trifluoroacetic
acid for 30 min. The eluent was monitored at 214 nm.

Statistical Analyses

The significance of the differences between the means of collagen
content, solubility and the amino acid composition of collagen from the skin
and digestive tract were determined using the Student’s t-test.

RESULTS

As shown in Table 1, the total collagen contents of the skin and digestive
tract were approximately 8 and 2% of wet tissues, respectively.

Figure 1 shows the SDS-PAGE patterns of the ASC, PSC and ISC frac-
tions obtained from the skin and digestive tract. All the preparations exhibited
typical patterns of type I collagen comprising a1(I) and a2(I) chains, their b(I)
dimers and highly polymerized chains. In addition, minor band with mobility
corresponding to the a1(V) chains was observed between the a1(I) and b(I)
chains in the SDS-PAGE patterns of the ISC, PSC and pepsin-digested ASC
fractions of the digestive tract as indicated by the arrow. For further confir-
mation of the presence of types I and V collagens, the PSC fraction was
subjected to salt fractionation. The major and minor collagens were recovered
into the types I and V collagen fractions, respectively. Figure 2 shows the
SDS-PAGE patterns of the types I and V collagen fractions. Both fractions
showed typical SDS-PAGE patterns of types I and V collagens. These data
confirm that the minor band between the a1(I) and b(I) chains can be attrib-
uted to type V collagen. As shown in Table 2, the type I collagen fractions
prepared from both tissues show an amino acid composition typical of fish
type I collagen (Sato et al. 1988). However, their characteristics are different
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FIG. 1. SODIUM DODECYL SULFATE-POLYACRYLAMIDE GEL ELECTROPHORESIS
PATTERNS OF ACID-SOLUBLE (ASC), PEPSIN-SOLUBILIZED (PSC), AND INSOLUBLE
COLLAGEN (ISC) FRACTIONS FROM THE SKIN (S) AND DIGESTIVE TRACT (D) OF A

JAPANESE AMBERJACK
T = gel top and F = buffer front.

The major molecules in the fish types I and V collagens are [a1(I)]2a2(I) and [a1(V)]2a2(V),
respectively. the a2(V) show the same mobility to a1(I).

FIG. 2. SODIUM DODECYL SULFATE-POLYACRYLAMIDE GEL ELECTROPHORESIS
PATTERNS OF TYPES I AND V COLLAGENS FROM THE SKIN AND DIGESTIVE TRACT

OF THE JAPANESE AMBERJACK
Letters S, D, T and F are the same as in Fig. 1
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from those of the body wall collagen of the lamprey and hagfish with regard to
some amino acid compositions, such as alanine and leucine (Sato et al. 1989a;
Kimura and Matsui 1990; Matsui et al. 1990). In addition, the type I collagen
fraction from both organs show essentially the same peptide map patterns
(Fig. 3). These facts confirm the presence of types I and V collagens in the
digestive tract as well as the skin.

As shown in Table 1, 84% of the collagen from the skin can be extracted
by acid treatment, whereas only 3.1% of that from the digestive tract was
extracted by the same treatment. The degree of hydroxylation of the lysyl and
prolyl residues in the type I collagen of the digestive tract was significantly
higher than that of these residues in the type I collagen of the skin (Table 3).

As shown in Table 1, the amount of type V collagen in the total collagen
was significantly higher in the digestive tract (2.1%) than in the skin (0.4%).
Compared with type I collagen, type V collagen exhibits lower solubility in

TABLE 2.
AMINO ACID COMPOSITION OF PURIFIED TYPE I

COLLAGENS FROM THE SKIN AND DIGESTIVE TRACT
OF A JAPANESE AMBERJACK (RESIDUES/1,000

TOTAL RESIDUES)

Japanese amberjack Lamprey

Skin Digestive tract Body wall*

Asp 42.8 ! 0.9 44.5 ! 0.8 42
Glu 59.2 ! 1.0 62.6 ! 0.9 90
Hyp 78.7 ! 2.3 80.2 ! 0.2 73
Ser 42.0 ! 0.6 41.5 ! 1.8 56
Gly 361.1 ! 2.9 356.3 ! 3.3 344
His 4.8 ! 0.2 5.3 ! 0.6 10
Arg 53.3 ! 1.1 52.1 ! 1.1 49
Thr 31.2 ! 0.5 31.2 ! 0.9 23
Ala 125.0 ! 2.7 124.2 ! 2.3 82
Pro 117.2 ! 3.1 106.5 ! 1.8 108
Tyr 1.5 ! 0.1 2.5 ! 0.4 3
Val 15.5 ! 0.7 16.4 ! 0.6 16
Met 11.6 ! 0.2 12.3 ! 0.5 10
Ile 7.0 ! 0.3 8.3 ! 0.5 12
Leu 13.7 ! 0.3 16.6 ! 0.9 35
Hyl 5.0 ! 0.3 8.2 ! 0.2 15
Phe 12.0 ! 0.1 12.6 ! 0.3 12
Lys 18.4 ! 1.0 18.8 ! 1.2 20

The average ! standard deviation of the three determinations for the
same sample preparations.
* Sato et al. (1989a).
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both the organs; moreover, type V collagen from the digestive tract demon-
strates lower solubility than that from the skin.

DISCUSSION

The present study demonstrates that the digestive tract has a higher
content of collagen (2%) than ordinary (0.3%) and dark muscles (0.8%) of the
Japanese amberjack (Nishimoto et al. 2004). Most of the collagen in the skin
of the Japanese amberjack was extracted via acid treatment, which is in
accordance with the methods used in previous studies for the stone flounder
(Yoshinaka et al. 1990), hake and trout (Montero et al. 1990), and bigeye

FIG. 3. PEPTIDE MAPPING OF TYPE I COLLAGEN FROM THE SKIN AND DIGESTIVE
TRACT OF A JAPANESE AMBERJACK

Peptides generated by lysyl endopeptidase for 12 h at 37C and analyzed by reversed-phase
high-performance liquid chromatography (COSMOSIL 5C18-AR-300)

TABLE 3.
DEGREE OF HYDROXYLATION OF PROLYL AND LYSYL
RESIDUES OF TYPE I COLLAGEN FROM THE SKIN AND

DIGESTIVE TRACT OF A JAPANESE AMBERJACK

Skin Digestive tract

Hyp/Hyp+Pro 0.40 ! 0.00 0.43 ! 0.00 P < 0.01
Hyl/Hyl+Lys 0.21 ! 0.00 0.30 ! 0.01 P < 0.01

Data represent the average ! standard deviation of three determina-
tions for the same sample preparations.
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snapper (Jongjareonrak et al. 2005). On the other hand, only a small amount of
the collagen present in the digestive tract could be extracted by acid treatment.
As collagen molecules assemble and stabilized by acid-labile and -stable
covalent crosslinks in tissues, the collagen in the tissue resists to most of
extraction with strong protein denaturant such as 0.1 M NaOH (Knott and
Bailey 1998). The acid extraction can cleave the acid-labile cross-links. These
facts suggest that the digestive collagen is cross-linked with the acid-stable
inter-molecular crosslink in higher degree than skin collagen. The fish
insoluble collagen in the digestive tract can be solubilized by hot water extrac-
tion (Yoshinaka et al. 1990). Then the digestive tract of fish could be a
potential source of collagen-derived products, such as gelatin and its enzy-
matic hydrolyzate.

In higher vertebrates, type I collagen is distributed in the skin, tendon,
bone and visceral tissues as a major constituent of the extracellular matrix. On
the other hand, cyclostomes have two genetically different collagens as the
major constituents of the skin and body wall. The collagen in the skin can be
classified as type I, and the body wall collagen has characteristics similar to
that of the major collagen of invertebrates (Kelly et al. 1988; Sato et al. 1989a;
Kimura and Matsui 1990; Matsui et al. 1990). The present study indicates type
I collagen as the main collagen in the digestive tract of the Japanese amberjack
on the basis of the amino acid, SDS-PAGE and peptide map analyses. The
digestive tracts of the snapper, chub mackerel and Japanese eel also contain
collagen demonstrating typical SDS-PAGE patterns of type I collagen as the
major constituent (data not shown). These facts suggest that the collagen-like
molecules of the cyclostome body wall are not present in the digestive tract of
bony fishes as the major extracellular matrix constituent.

Some of the lysyl and prolyl residues in collagen are known to undergo
posttranslational hydroxylation. We demonstrate higher degrees of hydroxy-
lation of the lysyl and prolyl residues in the type I collagen of the digestive
tract as compared with the skin. Kimura et al. (1988) demonstrated that higher
hydroxylation of the prolyl residues contributes to a higher denaturation tem-
perature of the fish muscle collagen as compared with the skin collagen. The
higher hydroxylation of prolyl residues in the collagen from the digestive tract
might be related to the stability of the collagen in these organs. To the best of
our knowledge, the biological significance of the hydroxylation of lysyl resi-
dues in collagen remains unclear.

Recently, Ohara et al. (2007) investigated the quantity and structures of
food-derived collagen peptides in the blood of healthy volunteers after the
ingestion of type I collagen peptides from fish skin, scales and porcine skin.
The results indicate that the quantity and structure of hydroxyproline-
containing peptides in the blood depend on the collagen source. In the current
study, we demonstrate the organ-specific differences in collagen solubility,
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type V collagen content, and posttranslational modification of type I collagen
in the same individual. Other factors, such as aging, culture condition and so
on, might influence on them within same organ. Further studies on the struc-
ture of food-derived collagen peptide in human who ingested collagen peptide,
which prepared from different organs of fish, are now in progress.
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