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ABSTRACT

Acid-soluble collagen was extracted from the skins of surf smelt and characterized. The yield of collagen was high
about 24.0% on a dry weight basis. By SDS-polyacrylamide gel electrophoresis and CM-Toyopearl 650 M column
chromatography, this collagen is a heterotrimer with a chain composition of ala2a3. The denaturation temperature
was 32.5 C, about 4.5 C lower than that from porcine skin. Attenuated total reflectance-fourier transform infrared
analysis showed that the percentage of secondary structural components in this collagen were 11% a-helix, 34%
[-sheet, 19% p-turn, and 21% others. It suggests that the triple helical structure is present in the acid-soluble collagen
from the skins of the surf'smelt in comparison to that from the skin of porcine.

Keywords: Attenuated Total Reflectance-Fourier Transform Infrared (ATR-FTIR) Analysis, Collagen, Denaturation
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1. Introduction

Collagen has been extracted from the skins of vertebrate
species such as pig and calf of bovine for industrial ap-
plications as functional foods, cosmetics, and biomedical
materials. However, these materials cannot be used for
the extraction of collagen, due to the outbreak of bovine
spongiform encephalopathy (BSE), transmissible spongi-
form encephalophathy (TSE), foot-and-mouth disease
(FMD) [1], and avian influenza which resulted in anxiety
among the users of collagen and collagen-derived prod-
ucts from these land animals. At present, alternatives to
land animals as collagen sources are extremely desired.
In recent years, we tried to extract and characterize the
collagens from aquatic organisms because they have
been reported not likely to be associated with infections
such as BSE, TSE, and FMD, thus safe collagen samples
can be obtained from aquatic organisms. A high yield of
collagen could be obtained from aquatic organisms, al-
though the physical and chemical properties of these col-
lagens were different from those of land animals [2-14].
These results indicated that collagens from aquatic or-
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ganisms will have a potential to be important collagen
sources for use in the food, cosmetic, and medical fields.

Surf smelt belong to the order Osmeridae which is a
member of the Hypomesus family. The size of surf smelt
(about 20 cm: body size; about 4%: the ratio of skin to
body weight) is quite different from that of Japanese
smelt (about 15 cm) that is closely related to surf smelt.
Surf smelt cannot live in freshwater, however, Japanese
smelt can live in both freshwater and seawater. Surf
smelt live not only around Hokkaido, Japan, but also in
the Kuril Islands and in the Kamchatka Peninsula. The
catch of surf smelt is about 11,000 t per year by inland
water fisheries from Abashiri City of Hokkaido, Japan.
The Japanese consume a wide range of fish species that
include tunas, prawns, shellfishes, octopi, and squids. In
particular, fried fish is widely eaten as tempura in Japan.
Surf smelt is one of the fish that is eaten as tempura.

In the present study, we describe the isolation and
physicochemical properties of acid-soluble collagen from
the skins of surf smelt for use as an alternative to mam-
malian collagen in the food, cosmetic, and biomedical
materials.
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2. Materials and Methods
2.1. Sample

Fresh surf smelt (Hypomesus pretiosus japonicus Bre-
voort) (50-65 g body weight and 15-18 cm body length)
were caught in the port of Abashiri, Abashiri city, Hok-

kaido, Japan, and then transported in ice to our laboratory.

These were stored at —85°C until used.

2.2. Preparation of Collagen from the Skins of
the Surf Smelt

All preparative procedures were carried out at 4°C and
were performed as described by Miller [15,16]. The fro-
zen fish were thawed and the skins were descaled,
trimmed of the residual fish meat, and cut out small
pieces using a scalpel. The pieces (0.5 x 0.5 cm) were
homogenized for 3 days with 10 volumes of 10% ethanol
to remove the fat by changing the solution twice a day.
The homogenate was then squeezed using cheesecloth to
remove any excessive ethanol, and the residue was
washed with distilled water for 1 day by changing the
solution twice a day. The matter was extracted for 2 days
with 0.1 M NaOH in order to remove the noncollagenous
proteins by changing the solution twice a day. The matter
was squeezed using cheesecloth and then washed with
distilled water for 2 days by changing the solution twice
a day. After lyophilization, the dried matter was used for
extraction of the acid-soluble collagen. The matter was
treated for 2 days with 10 volumes of 0.5 M acetic acid
along with gentle stirring. The extract was centrifuged at
50,000 x g for 1 h. The supernatants were pooled and
salted out to isolate and purify the collagen by selective
salt precipitation; the collagen was isolated by the addi-
tion of solid NaCl to a final concentration of 0.7 M NaCl
in 0.5 M acetic acid, followed by precipitation with 2.2 M
NaCl in 0.05 M Tris-HCI buffer, pH 7.5. The purified
collagen was obtained by centrifugation at 50,000 x g for
I h, and the precipitate was dissolved in a minimum
volume of 0.5 M acetic acid, dialyzed against 0.1 M ace-
tic acid for 2 days by changing the solution once a day,
distilled water for 3 days by changing the solution twice
a day, and then lyophilized (acid-soluble collagen).

Prior to the extraction of the collagen from bones, the
bones (about 0.5 x 0.5 cm?) were broken by a hammer,
and then extracted with 0.1 M NaOH for 3 days to re-
move any noncollagenous proteins by changing the solu-
tion twice a day. The residue was washed with chilled
distilled water and lyophilized. The collagen from the
dried matter was also solubilized as described above.

2.3. SDS-Polyacrylamide Gel Electrophoresis
(SDS-PAGE) of Acid-Soluble Collagen from
the Skins of the Surf Smelt
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SDS-PAGE was performed as previously described [8].
The collagen (50 mg protein) was dissolved in 0.5 M
Tris-HCI, pH 6.8, containing 2% SDS, 25% glycerol
with 2-mercaptoethanol. After electrophoresis at 50 mA
using 7.5% gel, the gel was stained with 0.25%
Coomassie brilliant blue R-250 (Fluka Fine Chemical Co.
Ltd., Tokyo, Japan) containing 25% ethanol and 10%
acetic acid and destained with 5% methanol and 7.5%
acetic acid. Molecular weight markers [myosin (205
kDa), B-galactosidase (116 kDa), phosphorylase B (97
kDa), bovine serum albumin (66 kDa), ovalbumin (45
kDa), carbonic anhydrase (29 kDa)] were from the
Sigma-Aldrich Co. (USA) and were used as marker pro-
teins.

2.4. Peptide Mapping of Acid-Soluble Collagen
from the Skins of the Surf Smelt

The collagen samples were dissolved in 0.1 M sodium
phosphate buffer (pH 7.2) containing 0.5% SDS to easily
solubilized the collagen and bolied at 100°C for 5 min.
After cooling in ice, the denatured samples were digested
at 37°C for 30 min using lysyl endopeptidase (0.24 ami-
dase activity) from Achromobacter Iyticus M497-1(EC
3.4.21.50; Wako Pure Chemical Industries, Ltd., Osaka,
Japan). To stop the digestion, to the reaction mixture was
added SDS to a final concentration of 2%, and then
boiled for 5 min. The products were centrifuged at
30,000 x g for 5 min, the supernatants were pooled and
used as the sample solution for SDS-PAGE using 10%
gel. The molecular weight markers [myosin (205 kDa),
B-galactosidase (116 kDa), phosphorylase B (97 kDa),
bovine serum albumin (66 kDa), ovalbumin (45 kDa),
glyceraldehydes-3-phosphate dehydrogenase (36 kDa),
carbonic anhydrase (29 kDa), bovine pancreas trypsino-
gen (24 kDa), and soybean trypsin inbibitor (20.1 kDa)]
were from the Sigma-Aldrich Co. (USA) and were used
as standards.

2.5. Subunit Composition of Acid-Soluble
Collagen from the Skins of the Surf Smelt

Twenty milligrams of the collagen sample was dissolved
in 20 mM sodium acetate buffer (pH 4.8) containing 6 M
urea at 4°C for 1 day by continuous stirring. The viscous
solution was denatured at 45°C for 30 min, then centri-
fuged at 50,000 x g at 20°C for 1 h. The supernatants
were pooled and applied to a CM-Toyopearl 650 M
column (1.0 X 6.0 cm) previously equilibrated with the
same buffer. The elution was performed by a linear gra-
dient of 0-0.15 M NacCl in the same buffer at the flow
rate of 0.8 ml/min. The subunit components were de-
tected at 230 nm and the fractions indicated by the num-
bers were examined by SDS-PAGE using 7.5% gel.
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2.6. Denaturation Temperature of Acid-Soluble
Collagen from the Skins of the Surf Smelt

A Canon-Fenske type viscometer with an average shear
gradient of 400 sec”' containing 5 milliliters of 0.03%
collagen in 0.1 M acetic acid was immersed in a water
bath at temperatures of 20-50°C. After incubation at each
temperature for 30 min, the viscosity of the collagen so-
lution was measured and the fractional change was cal-
culated as follows:

Relative viscosity = 1, = flow time of sample solu-
tion/flow time of 0.1 M acetic acid

Specific viscosity =1y, = (N —10)/ Mo =N; - 1

The denaturation temperature was determined as the
temperature causing a 50% decrease in viscosity. Each
point is the mean of triplicate determinations.

2.7. Amino Acid Analysis of Acid-Soluble
Collagen from the Skins of the Surf Smelt

An amino acid analysis was performed to clarify the re-
lationship between the contents of the imino acids and
the denaturation temperature of the collagen sample. The
collagens were hydrolyzed under reduced pressure in 6 M
HCI at 110°C for 24 h, and the hydrolysates were ana-
lyzed using a JASCO liquid-chromatography system by
on-line precolumn derivatization with o-phthalaldehyde.
This system consisted of a JASCO PU-2080 plus intelli-
gent HPLC-pump, a JASCO FP-2020 plus intelligent
fluorescence detector, a JASCO CO-2060 plus intelligent
column thermostat, a JASCO DG-2083-53 3-line degas-
ser, a JASCO LG-2080-02 ternary gradient unit, a
JASCO AS-2057 plus intelligent sampler, and a JASCO
CrestPak C18S (¢4.6 x 150 mm) reversed-phase column.
The excitation and emission wavelengths were set at 345
and 455 nm, respectively.

2.8. Attenuated Total Reflectance-Fourier
Transform Infrared (ATR-FTIR)
Spectroscopy of Acid-Soluble Collagen from
the Skins of the Surf Smelt

The ATR-FTIR spectra were collected at 20°C and 40%
relative humidity by coupling the ATR accessory (ATR
PRO410-S: JASCO Co., Tokyo, Japan) to a JASCO
(Tokyo, Japan) FT/IR-4100 type A instrument. The IR
spectrometer bench was equipped with a globar source, a
KBr bean splitter, and a triglycine sulfate detector. The
ATR sampling device utilized a diamond internal reflec-
tion element embedded in a ZnSe support/focusing ele-
ment in a single reflection configuration. The spectra
were obtained over the range of 4000-650 cm™ at a 4
cm’ resolution. The resultant spectra were analyzed us-
ing an IR protein secondary structure analysis program
(JASCO Co., Tokyo, Japan).
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3. Results and Discussion

3.1. Preparation of Acid-Soluble Collagen from
the Skins of the Surf Smelt

The skins from the surf smelt were treated with ethanol
and followed by the removal of the noncollagenous con-
stituents with NaOH. As a result, the yield of the lyophi-
lized matter was about 8.6% on a wet weight basis. Next,
the matter was extracted with acetic acid. As a result,
collagen was successfully solubilized and the yield was
approximately 24.0% on a dry weight basis (about 2.1%
on a raw weight basis). In recent years, a trial has been
aggressively performed to extract the collagen from the
aquatic organisms to utilize it in industry and the colla-
gens obtained from these organisms have been used in
the food, cosmetic, and medical fields. In fact, our groups
have reported the yields of collagens from marine organ-
isms as follows: fish skin (Japanese sea bass, 51.4%,
chub mackerel, 49.8%, bullhead shark, 50.1%, and ocel-
late puffer fish, 44.7%) [7,10], purple sea urchin test
(35.0%) [11], fish bone (Japanese sea bass, 40.7%, horse
mackerel, 43.5%, and ayu, 53.6%) [12], edible jellyfish
exumbrella (46.4%) [4], rhizostomous jellyfish meso-
gloea (35.2%) [5], Callistoctopus arakawai arm (62.9%)
[8], paper nautilus outer skin (50.0%) [13], cuttlefish
outer skin (35.0%) [6], and common minke whale unesu
[14], respectively. Recetly, some researchers reported the
yields of fish skin collagen as follows: channel catfish
acid-soluble (25.8%) and pepsin-soluble collagens (38.4%)
[17], deep-sea redfish acid-solubilized (47.5%) and pep-
sin-solubilized collagens (92.2%) [18], and grass carp
pepsin-soluble collagen (46.6%) [19], respectively. On
the other hand, the acid-soluble collagen from the bones
of the surf smelt was only slightly extracted and the yield
was only 0.8% on a dry weight basis.

3.2. SDS-PAGE Patterns of Acid-Soluble
Collagen from the Skins of the Surf Smelt

Acid-soluble collagen from the skins of the surf smelt
was measured by SDS-PAGE using 7.5% gel. The two
distinct bonds were indicated in the stained gel in mobil-
ity in the a region; this collagen existed as trimers con-
sisting of two distinct o chains, such as al and o2, al-
though the existence of the a3 chain was not identified
under this electrophoretic condition Figure 1. Moreover,
a small amount of the § chain was detected in this colla-
gen. The same results were obtained in the collagen from
the bones of the surf smelt. The positions of the chains of
the collagen from the skins and bones of the surf smelt
were similar to those of porcine skin Figure 1. These
results indicate that acid-soluble collagens from the skins
and bones of the surf smelt may have a chain composi-
tion of (al),02 heterotrimer are the type I collagen as a
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major component in mammalian collagen, such as por-
cine.

3.3. Peptide Mapping of Acid-Soluble Collagen
from the Skins of the Surf Smelt

The collagen digested by lysyl endopeptidase (originally
isolated from Achromobacter Iyticus M497-1 specifically
cleaves the peptides on the carboxy-terminal side of the
lysine residues) was applied to SDS-PAGE using a 10%
gel to compare the patterns of the peptide fragment with
porcine skin and the surf smelt bones. As a result, colla-
gens from the skins and bones of the surf smelt were hy-
drolyzed to some extent by the enzyme with the nearly
appearance of the peptide fragments with a molecular
weight under about 80 kDa: this indicates the digestion
of subunit components having a molecular weight of
about 110-130 kDa by lysyl endopeptidase Figure 2. On
the other hand, the collagen from the porcine skin was
not fully digested under this condition; the protein bands
showing a and [ chains were detected, although there
were some protein bands produced by digestion using the
lysyl endopeptidase.

kDa
205 4
116 :z;(u.’i)
97.6
66
45

MW A B C

Figure 1. SDS-polyacrylamide gel electrophoresis of porcine
skin type I collagen (10pg protein) and surf smelt skins and
bone acid-soluble collagens (10pg protein) on 7.5% gels
containing 3.5 M urea. (MW): high molecular marker: (A):
acid-soluble collagen from the skins of the surf smelt; (B):
acid-soluble collagen from bone of the surf smelt; (C): por-
cine skin collagen.
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kDa

Figure 2. Peptide mapping of lysyl endopeptidase digests
from collagen samples. (HMM): high molecular marker; (A)
porcine skin collagen; (B) acid-soluble collagen from the
skins of the surf smelt; (C) acid-soluble collagen from bone
of the surf smelt; (LMM): low molecular marker. The con-
centration of each collagen sample was used as 20 pg pro-
tein.

3.4. Subunit Composition of Acid-Soluble
Collagen from the Skins of the Surf Smelt

The collagen was denatured and then applied to a CM-
Toyopearl 650M column to separate the subunit compo-
nents of the acid-soluble collagen from the skins of the
surf smelt. This was resolved by column chromatography
into two peaks, one large and one small Figure 3. To
identify each o chain, several chromatographic fractions
as indicated by the numbers were analyzed by SDS-
PAGE. These results suggest that this collagen consists
of three o chains. An al chain was found in fractions 5-8
as indicated by the numbers. An 02 chain was found in
fractions 16-21 and the o3 chain in fractions 13-19 Fig-
ure 3. It suggested that this collagen is a heterotrimer with
a chain composition of ala203. Kimura et al. [20] exam-
ined the fish skin collagens and reported that the o3 chain
was widely distributed in teleosts such as eel, sardine,
chum salmon, rainbow trout, carp, anger, Alaska pollack,
cod, halfbeak, common mackerel, tilapia, red barracuda,
northern dab, and file fish. In a previous paper [20,21], it
was reported that the a3 chain was detected in 14 fish
species of 17 teleosts. On the other hand, Nagai et al.
reported the subunit composition of collagen from aquatic
organisms using the same techniques. The results were as
follows: ocellate puffer fish skin [(al),a2] [7], fish bone
[Japanese sea bass: (al),02; horse mackerel: (al);; ayu:
alo203] [12], fish scale from sardine, red sea bream,
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Figure 3. CM-Toyopearl 650 M column chromatography of
denatured acid-soluble collagen from the skins of the surf
smelt. A 1.0 x 6.0 cm column of CM-Toyopearl 650 M was
equilibrated with 0.02 M sodium acetate buffer (pH 4.8)
containing 6 M urea, and maintained at 37°C. The collagen
sample (20.0 mg) was dissolved in 5 ml of the same buffer,
denatured at 45°C for 30 min, and then eluated from the
column with a linear gradient of 0 to 0.15 M NaCl at a flow
rate of 0.8 ml/min. The fractions indicated by the numbers
were examined by SDS-PAGE using 7.5% gel.

and Japanese sea bass [(al)a2] [9], caudul fin from
Japanese sea bass [(al);] [2], purple sea urchin test
[(al),02] [11], cuttlefish [(al),a2] [6], diamondback
squid (alo2a3) [3], paper nautilus outer skin and C.
arakawai arm (ala2a3) [8]; edible jellyfish exumbrella
(alo2a3) [4], rhizostomous jellyfish mesogloea
(ala2a304) [5], and common minke whale wunesu
[(al),02] [14]. That is, it was obvious that the a3 chain
was significantly present in the skins from aquatic or-
ganisms such as jellyfishes, cuttlefishes, and octopi.

3.5. Denaturation Temperature of Acid-Soluble
Collagen from the Skins of the Surf Smelt

The denaturation temperature of the acid-soluble colla-
gen from the skins of the surf smelt was calculated from
the thermal denaturation curve. For comparison, the de-
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naturation temperature of collagen from porcine skin was
similarly measured. It was calculated that the denatura-
tion temperature of the acid-soluble collagen from the
skins of the surf smelt was about 32.5°C Figure 4. This
was about 4.5°C lower than that of the collagen from
porcine skin (37.0°C). This value was fairly higher than
those from other aquatic organisms reported by Nagai et al.
as follows: ocellate puffer fish skin (28.0°C) [7], fish
scale from sardine (28.5°C), red sea bream (28.0°C),
Japanese sea bass (28.0°C) [9], caudul fin from Japanese
sea bass (28.0°C) [2], purple sea urchin test (28.0°C) [11],
cuttlefish (27.0°C) [6], diamondback squid (27.5°C) [3],
paper nautilus outer skin (27.0°C) [13], C. arakawai arm
(28.0°C) [8], edible jellyfish exumbrella (26.0°C) [4],
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Figure 4. Thermal denaturation curves of acid-soluble col-
lagen from the skins of the surf smelt and collagen from the
skins of porcine. The denaturation temperature was mea-
sured by viscosity in 0.1 M acetic acid. The incubation time
at each temperature was 30 min. Collagen concentration
0.03%; (©): porcine skin collagen; (e): acid-soluble collagen
from the skins of the surf smelt.

rhizostomous jellyfish mesogloea (28.8 °C) [5], and
common minke whale unesu (31.5°C) [14]. It is well
known that the denaturation temperature can be corre-
lated with the environmental and body temperatures [22].
However, the present result was not applicable to those
established theories. The reason for the high denaturation
temperature of the collagen from the surf smelt is due to
the difference in the hydroxylation ratio of proline, which
is highly correlated to the thermal stability [23].

3.6. Amino Acid Composition of Acid-Soluble
Collagen from the Skins of the Surf Smelt

The amino acid composition expressed as residues per
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1000 total residues, is shown in Table 1. It shows that
glycine was the most abundant amino acid in the acid-
soluble collagen from the skins of the surf smelt and ac-
counted for more than about one third (343 residues)
among the total amino acids in this collagen. There were
relatively higher contents of alanine (123 residues),
proline (108 residues), and glutamic acid (74 residues),
decreasing in that order. Tyrosine (3 residues), histidine
(6 residues), hydroxylysine (7 residues), isoleucine (10
residues), methionine (14 residues), and phenylalanine
(15 residues) were low. The imino acid, such as proline
and hydroxyproine, were also detected, 172 residues: the
total contents of the imino acid in this collagen were
17.2%. In previous papers, we reported the total contents
of the imino acid in the collagen samples from aquatic
organisms. As a result, the contents were as follows: fish
scale (17.0-19.7%) [7,9], fish fin (19.3%) [2], octopus
and cuttlefish skin (17.8-18.8%) [3,6,8], sea urchin test
(17.9%) [11], jellyfish exumbrella (12.2%) [4], and
common minke whale unesu (19.9%) [14], respectively.
In recent years, other researchers reported the total con-
tents of the imino acid in fish skin collagens as about
16.0-19.3% [17,19,24,25]. The degree of hydroxylation
of the proline residues in the acid-soluble collagen from
the skins of the surf smelt was calculated. It is well
known that hydroxyproline was derived from proline by
post-translational hydroxylation mediated by prolylhy-
droxylase, and the degree of hydroxylation was associ-

Table 1. Amino acid composition of acid-soluble Collagen
from the skins of the surf smelt.

Amino acid residues/1000
Hydroxyproline 64
Hydroxylysine 7

Aspartic acid 47
Threonine 22
Serine 44
Glutamic acid 74
Proline 108
Glycine 343
Alanine 123
Valine 20
Methionine 14
Isoleucine 10
Leucine 21
Tyrosine 3
Phenylalanine 15
Lysine 26
Histidine 6
Arginine 53
Total 1000
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ated with the high denaturation temperature of the colla-
gen sample. The degree of hydroxylation of the proline
residues in this collagen was calculated to be about
37.2%. The previous papers showed the degree of hy-
droxylation of the proline residues in the collagen from
aquatic organisms. As a result, the degrees of hydroxyla-
tion in collagens from fish scale [9] and fin [2], octopus
[8] and cuttlefish [3,6] skins, sea urchin test [11], and
common minke whale unesu [14] were high, but the de-
grees of hydroxylation in collagens from the fish skins
were low [18,19,24,25]. It was suggested that the reason
for not only the lower denaturation temperatures in the
collagen samples from aquatic organisms is the extent of
hydroxylation of imino acids, but also the lower content
of the imino acid.

3.7. ATR-FTIR Spectroscopy Analysis of
Acid-Soluble Collagen from the Skins of the
Surf Smelt

The ATR-FTIR spectrum of the collagen from the skins
of the surf smelt is shown in Figure S. The amide A band
position was detected at 3306 cm™, and it associated with
the N-H stretching vibration. This indicates the existence
of hydrogen bonds in the collagen sample. It is known
that a free N-H stretching vibration occurs in the range of
3400 to 3440 cm™, and when the NH group of a peptide
is involved in a hydrogen bond, the position is shifted to
lower frequencies [26]. In other words, it suggested that
more NH groups of the acid-soluble collagen from the
skins of the surf smelt were involved in the hydrogen
bonding. Next, the amide B band, related to the asym-
metrical stretch of CH,, was found at 2964 cm™ in this
collagen. The amide I band of this collagen was detected
at 1640 cm™. The amide I band with its characteristic
frequencies (1600-1700 cm™), mainly associated with the
stretching vibrations of the carbonyl group along the
polypeptide backbone [27], is a sensitive marker of the
peptide secondary structure [28]. The amide II and III
bands were found at 1541 and 1235 cm’™, respectively.
These indicated N-H bending vibrations and C-H
stretching [27]. It suggested helical arrangements in the
acid-soluble collagen from the skins of the surf smelt.
Sarver and Krueger [29] investigated the protein second-
ary structure using FTIR and analyzed the resulting spec-
tra to construct a database. To ensure that the extracted
collagen was still in the native form using the secondary
structure data, the theoretical value of the a-helix, B-sheet,
and B-turn in the native collagen should be provided and
a comparison should be made. As a result, the percentage
of these components in the acid- soluble collagen from
the skins of the surf smelt was 11% a-helix, 34% [B-sheet,
19% B-turn, and 21% others.
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Figure S. Fourier transform infrared spectra of acid-soluble
collagen from the skins of the surf smelt.

For comparison, those of collagen from porcine skin
were also calculated as follows: 9% a-helix, 51% B-sheet,
13% B-turn, and 15% others. Moreover, those of collagen
from common minke whale unesu were as follows: 8%
a-helix, 50% B-sheet, 15% B-turn, and 17% others [14].
It suggests that the triple helical structure is present in the
acid-soluble collagen from the skins of the surf smelt.

4. Conclusions

Acid-soluble collagen was extracted from the skins of the
surf smelt and characterized. The denaturation tempera-
ture of this collagen was high in comparison to those of
other aquatic organisms. By ATR-FTIR analysis using an
IR protein secondary structure analysis program devel-
oped by the JASCO Co. (Tokyo, Japan), the percentage
of the secondary structural components of the collagen
sample was determined. Applying this technique will
have the potential to obtain new knowledge about many
species of collagens.
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