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Acid-soluble collagen (ASC) and pepsin solubilized collagen (PSC) were isolated from the skins of
black drum (Pogonias cromis) and sheepshead seabream (Archosargus probatocephalus) harvested
in the Gulf of Mexico coastal waters. The yields of ASCs on dry basis from black drum and sheepshead
were estimated at 2.3 and 2.6%, and the yields of PSCs were 15.8 and 29.3%, respectively. Analyses
of molecular weight profile, amino acid composition, and secondary structure showed that the skin
collagens from both species were typical type-I collagen. The molecular mass of o; and a, subunits,
as determined by SDS—PAGE using Tris-Acetate gels, was 127 kDa and 116 kDa, respectively. The
amino acid composition of ASC and PSC for both species was closer to calf skin ASC than to cod
skin ASC. Thermal denaturation temperatures, measured by melting point using circular dichroism,
gave the following values: black drum ASC, 34.2 °C; sheepshead ASC, 34.0 °C; black drum PSC,
35.8 °C; sheepshead PSC, 34.3 °C. The literature value for the heat stability of calf skin collagen is
36.3 °C. The potentials of collagens from black drum and sheepshead skins in the functional food,
healthcare, and pharmaceutical industries are discussed.
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INTRODUCTION potential value for functional foods, fine biochemicals, and

The USDA pas esimatd it by ey 2025 mor ood ITCEUIC elus antiroils, anorens, s
and products for human health will be originating from the sea oil. enz m)(; inghibitdrs cglors ’ 'IO ments’ dves. and ca\}iar from,
(). At the present time, the seafood industry and regulators fi h hy”f. h and I’ I d’ p%l' d  AY€s, t ’
are eager to obtain full utilization of harvested aquatic-based 1Sh, she 'S_ » an agg underutilized components. )
food resources. Scientists, government agencies, conservation- Collagen is present in nearly all organs of vertebrates and is
ists, environmentalists, and seafood processors are calling forthe major structural element of skin, bone, tendon, cartilage,
more efficient utilization of seafood and marine-based food Plood vessels, and teeth. It is the most abundant protein in
products ). Domestic landings of fish and shellfish in the Gulf vertebrates, constituting about a quarter of the total. Collagen
States and adjacent waters were 0.8 million metric tons in 2000, structure is distinguished by the formation of a right-handed
and account for about 20% of the total landings in the U. S. triple superhelical rod consisting of three almost identical
(3). The state of Louisiana is “blessed” with abundant coastal Polypeptide chains. In addition, triple helical tropocollagen has
and marine resources, and was ranked second only to Alaskdhe ability to associate laterally and longitudinally to form
in total landings 3). Louisiana seafood processors generate Microfibrils. Each polypeptide chain forms a left-handed helix
thousands of tons of aquatic-based food waste annually. Asand consists of repeating triplets, (Gly-Xnyhere X and Y
seafood processors in Louisiana strive to comply with environ- are, with a high possibility, proline (Pro) or hydroxyproline
mental laws and learn about the potentials of obtaining health (Hyp).
enhancing products from aquatic sources, interest is growing Nondenatured collagen derived from land-based animals (e.g.,
in obtaining higher value from their processing waste. This bovine and porcine) has been broadly exploited in functional
food, cosmetics, and pharmaceuticals. However, due to the
*To whom correspondence should be addresed. Tel.: 225-578-3883. €mergence of bovine spongiform encephalopathy (BSE), the

Fax: 225-578-5300. E-mail: jlosso@Isu.edu. foot-and-mouth disease (FMD) crisis, and the ban on European
T Department of Food Science. . .
* Department of Environmental Studies. Union meat, the use of collagen and collagen-derived products
8 Fisheries Agent. from land-based animal skin has been called into questipn (
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Like other vertebrates, the skin of fish contains a high amount After standing overnight, the resulting precipitate was collected by
of collagen §) and is abundantly available as a byproduct of centrifugation at 10 0G@for 20 min. The precipitate was dissolved in
fish fillet and surimi processing. There are many reports on 10 volumes of 0.5 M acetic acid. Salting-out and solubilization
thermal stability of fish collagen6(9). Fish species with procedures were repeated 3 times. The resultant solution was dialyzed
reported collagen denaturation temperatures aboveC3are ~ 292inst 0.1 M acetic acid.
very limited (e.g., skipjack and carp). A majority of fish Circular dichrorism (CD). The prepared collagen samples were

L . diluted to a concentration of 0.3 g dfwith 0.1 M acetic acid solution.
collagens, to date, denature below 3D, indicating that fish CD measurements were made with an AVIV circular dichroism

collagen is generally less stable than mammalian counterparts gpecirometer 62 DS (Lakewood, NJ) calibrated with re-crystallized

There are very few fish species that contain collagen with high 4-10-camphorsulfonic acid, [g}.s= 7800 (deg crddmolY). The CD

denaturation temperatures. spectrum of the sample was measured using a 0.1-cm path-length quartz
Collagen molecules in solution denature close to the upper cell. Five scans were averaged for the wavelength-285 nm. A

limit of physiological temperature or the maximum body mean amino acid residue weight of 91 g midlor collagen (11) was

temperature of the animal species from which the collagen is assumed to determine its molar ellipticitg]{ The melting curve of

extracted (10). Therefore, the tropical and subtropical fish collagen was determined by monitoring] [at the wavelength of a

inhabiting the Gulf of Mexico may contain collagen with positive extreme at 220 nm, which is characteristic of the CD spectrum
denaturation temperatures above &0 for collagen triple helix. Thef]220 was recorded while heating the

. . . sample at the rate of 0.5C/min from 15 to 45°C. The transition
Black drum and sheepshead are both subtropical fish with temperatureT,, — CV, was determined as the midpoint temperature
annual commercial landing of about a thousand metric tons eachpetween native-folded and completely unfolded forms. The analyses
in Louisiana. The objective of this research was to investigate were repeated twice. The repeatability of the temperature measurement

the biochemical properties and thermal stability of black drum was better than 0.1C.

and sheepshead seabream skin collagens. Viscosity Measurements. Collagen samples (0.3 g/dnwere
prepared in the same manner as the CD sample. A Carfremske
MATERIALS AND METHODS type Kinematic Viscometer tube (Fisher Scientific) with the flow time

for water of 120 s at 23C was employed for the viscosity measurement.

Materials. Black drum Pogonias cromisand sheepshead seabream Collagen solution (8 mL) was incubated for 30 min at a given
(Archosargus probatocephalus) were harvested in the Gulf of Mexico. temperature from 15 to 45C and then its viscosity was determined
The fish were skinned and filleted in a seafood processing plant in by measuring the flow time at the same temperature. The measurement
Kenner, LA. The yield of skin from fish was about 10% according to was repeated three times. Specific viscosify)(was calculated by
the processing plant. The skins were then frozen and stored until the equationt(— to)/to, assuming the densities of the solution and solvent
analysis. Pepsin, EC 3.4.23.1, was obtained from Fisher Scientific (Fair were the same @& flow time of the collagen solution and = flow
Lawn, NJ). Calf skin type-I acid-soluble collagen was purchased from time of the solvent). Thermal denaturation curve of the collagen solution
ICN Biochemicals Inc. (Irvine, CA). NUPAGE 3—8% gradient Tris- was depicted by plotting the reduced viscosity/@), wherec is the
Acetate gels and staining and destaining kit were products of Invitrogen protein concentration (g/diy against temperature. Thermal denaturation

(Carlsbad, CA). All other chemicals were reagent grade. temperatureTq-V, was expressed as a midpoint temperature between

Moisture Content. Moisture content was determined using OHAUS  the extrapolated line for native collagen and that for fully denatured
moisture determination balance Model 6010 (Florham, NJ). collagen on the (g/c) vs temperature plot.

Preparation of Acid-Soluble Collagen (ASC).All procedures to Sodium Dodecyl Sulfate-Gel Electrophoresis (SDS-PAGElec-
prepare ASC were carried out at ambient temperature-232°C), trophoresis was carried out using NUPAGE Tris-Acetate geB®).
except for the centrifugation operations that were performed°&. 4 Dialyzed samples were heated at 1@for 5 min in NuPAGE LDS
The skins were de-scaled and cut into small pieces 3 cm) with sample buffer (Invitrogen) including NuPAGE reducing agent (Invit-

scissors. The scaled skins were suspended in 10 volumes of 0.1 Mrogen). The electrophoretic separation was carried out according to the
NaOH, and the suspension was stirred overnight with a magnetic stirrer. manufacturer’s procedure. The gel was stained using NOVEX colloidal
After decanting, the skins were re-suspended in 20 volumes of 0.1 M blue staining kit (Invitrogen) for 8 h with shaking. After staining, the
NaOH solution with stirring for 24 h. The alkaline insoluble components staining solution was decanted and replaced with 400 mL deionized
were strained through a cheesecloth and rinsed with distilled water water overnight with shaking. Band intensities of the gel were analyzed
repeatedly until a neutral pH was obtained. The insoluble components using Scion Image Version Beta 4.0.2 (Scion Corp., Frederic, MD).
were extracted with 10 volumes of 0.5 M acetic acid for 3 days. The  Protein Determination. The modified Biuret method of Umemoto
resulting viscous solution was centrifuged at 109@8& 20 min at 4 (12) was employed. The nitrogen-protein conversion factor for collagen
°C. The residue was re-extracted with 10 volumes of 0.5 M acetic acid is 5.4 (13).

for 3 days, and the extract was centrifuged again. The supernatants of  Amino Acid Composition. Samples were hydrolyzed under vacuum
the two extracts were combined and were salted-out by adding NaCl with 6 N HCI at 110°C for 24 h under argon atmosphere in the presence
to give a final concentration of 0.9 mol df After standing overnight,  of phenol. Amino acid analysis was performed using a Hewlett-Packard
the resulting precipitate was collected by centrifuging at 1Qy0i0® AminoQuant Il system (Palo Alto, CA). The analyses were repeated
20 min. The precipitate was dissolved in 10 volumes of 0.5 M acetic three times, and the results were reported as the meatandard
acid. Salting-out and solubilization procedures were repeated 3 times. deviation.

The resultant solution was dialyzed against 0.1 M acetic acid for further
experiments.

Preparation of Pepsin-Solubilized Collagen (PSC)AIll PSC
preparation procedures were performed at ambient temperature (22~ Chemical Properties. Acid-soluble and pepsin-solubilized
23°C), except for the centrifugations, which were performed €4 collagens were isolated from black drum and sheepshead
After de-scaling and cutting the skins, the alkaline-treatment proceduresseapream skingsigure 1 shows SDS—PAGE patterns of the
were performed similar to the preparation of ASC. After neutralization, isolated collagens. The black drum ASC as well as the

the insoluble components were solubilized with 10 volumes of 0.5 M sheepshead ASC had at least two differenthains (a and

acetic acid containing 0.1% (w/v) pepsin for 3 days. The resulting . . - . . .
viscous solution was centrifuged at 10 00dg 20 min at 4°C. The o) and their cross-linked chains (dimer is referred t@ asimer

residue was re-extracted with 10 volumes of 0.5 M acetic acid solution 1S reférred to ag). In both species, the molecular mass of each
containing 0.1% (w/v) pepsin for 3 days, and the extract was centrifuged Subunit was 127 kDa fos; and 116 kDa for,, respectively.
again. The supernatants of the two extracts were combined and wereThe band ofa; might contain theos component that has
salted-out by adding NaCl to give a final concentration of 0.9 motdim  molecular mass indistinguishable ¢g@ on an SDS-PAGE gel,

RESULTS AND DISCUSSION
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12 3 45 6 Table 2. Amino Acid Composition of Skin Collagens?
black drum sheepshead cod calf
ASC PSC ASC PSC ASCb  ASC®
Yy © . M. Hyp 802+70 89.7+62 87.2+104 892+37 407 9%
! Asx  439+11 459+39 43941 457+51 415 45
C ~ T Ll <— 200kDa Thr  259+06 274+36 268+33 272+16 261 18
p - Ser  407+23 446+105 425+43  447+30 608 33

Glx 701+23 70.7+95 68.4 + 6.6 67.3+3.2 774 75
Pro 119.6+27 107.4+213 117.9+105 108.9+43 89.6 121

01— g .44 4 - Gly 3198+98 3146+74 3206+21.2 321.1+162 3322 330
0.2~ bl <+—116kDa Ma 1287+2.4 1308+188 131.9+104 127.7+71 1056 119
<+—97kDa Cys 00+00 00%00 0.0£0.0 0.0£0.0 ND ND
va  196+05 195+18 188+15 18808 252 21
<«—66kDa Met 14205 144+12 135+08 153+03  20.6 6
lle 6.9+04 7.6x08 6.5+0.9 7.7£09 171 11
<+—55kDa Leu 208+05 212+23 188+22 196+16 2907 23
Tyr 40+03 0000 29+0.1 14+24 5.0 3
<+— 36kDa Phe 13808 139+09 134+11 140+05 138 13
<+—31kDa Hyl  58+09 103+24  63+11  84%25 16 7
lLys 235+28 229+59 220+43 234+08 331 26
_ _ . His 60+05 37+32 49+03 56+06 118 5
Figure 1. SDS-PAGE patterns of collagens. (1) Calf skin type-I acid soluble Arg  565+11 555+94 538+33 54030 625 50
collagen (ASC), (2) black drum ASC, (3) sheepshead ASC, (4) black drum total 1000 1000 1000 1000 1000 1000
pepsin solubilized collagen (PSC), (5) sheepshead PSC, and (6) molecular
weight markers. 2The mean = standard deviation of three determinations for the same sample
preparations. ND, not determined; Asx = Asp + Asn; GIx = GIn + Glu. ® Yamaguchi
Table 1. Band Intensity Ratio of Cross-Linked Chain to Total et al. (22). ¢ Herbage et al. (23).
Monomer Chains in Collagen
20000 ¢
calf skin black sheepshead black sheepshead 10000
ASC  drum ASC ASC drum PSC PSC . M
. P e :
Bllal+o2)  1.26 1.59 1.30 0.50 0.84 5 . 2050 4P2150 2250 2350 2450
yllod+a2)  0.75 1.32 0.62 0.23 051 g 10000 A ™S
o - & r]
& -20000
] » 0
o . o -30000 " -
resulting in the co-presence afa,a3 as a minor component 2 o
together with [a].0. as a major component). These values 5 "o
were similar to the molecular mass of calf skin type-I acid- 220000 -f
soluble collagen subunits. The existence of at least two different -60000
subunits confirmed that the major collagen from the fish skins 70000 £
is the type-I collagen (14). PS@& chains, and ASQx chains Wavelength (nm)

were similar in electrophoretic mobility, suggesting that cleavage Figyre 2. Circular dichroism spectra of black drum skin ASC at different

sites by pepsin were located very close to the terminal gnds Oftemperature (square, 15 °C; triangle, 45 °C). The spectrum was recorded
the tropocollagenTable 1 shows the band intensity ratio of  after 30 min incubation at the respective temperature.

cross-linked chain (®r y) to total non-cross-linked monomer

chains (a + o) on the SDS-PAGE gel. Black drum ASC tion patterns of amino acid composition were closer, especially
contained the highest population of cross-linked components for Pro and Hyp, to calf ASC rather than to cod ASTable

of all collagens samples including calf skin type-l ASC. The 1)

intra- and/or intermolecular cross-linking of collagefisndy Secondary Structure. Figure 2shows a representative CD
components, were richer in ASC than in PSC. This greater cross-spectrum of collagen used in this study. The native black drum
linking was explained by conversions of soffteandy-chains  Asc sample, at 15C, gave a characteristic CD spectrum with
in fish skin collagen matrix te.-chains by the action of pepsin. 5 positive extreme at 220 nm and a negative peak at 201 nm.
Pepsin removes the cross-link-containing telopeptide, and theThe CD spectrum of sheepshead ASC showed a similar profile
concomitantly ongs-chain is converted to two-chains (15).  tg black drum ASC CD spectrum. CD spectra of ASC and PSC
The yields of ASCs on dry basis from black drum and \yere very similar to that of calf skin collagehd). These spectra
sheepshead skins were estimated at 2.3 and 2.6%, respectivelyare characteristic of a collagen triple-helix structut8)( On
and the yields of PSCs were 15.8 and 29.3%, respectively. Theheating at 45C for 30 min, the peak around 220 nm flattened
high yields observed in PSCs are due to the improvement of and the depression at 201 nm was lifted up. These spectral
collagen extractability by use of the acid protease, as reportedchanges reflect the thermal transition of the triple-helix form
by Nagai et al. 16). to a random coiled form. The spectrum of the thermally
The amino acid composition of the collagens is shown in denatured collagen was never restored to the nondenatured
Table 2. Black drum and sheepshead skin collagens had similar spectrum on cooling (data not shown), demonstrating that the
amino acid profile. The collagens were rich in proline (Pro), denaturation was irreversible.
glycine (Gly), and alanine (Ala), which are characteristic of all ~ Thermal Stability Studies. The melting curve of collagen
collagens. High levels of hydroxylysine (Hyl) and hydroxypro- triple-helix is shown irFigure 3. Collagen helices melted with
line (Hyp), similar to collagens from mammalian species, were increasing temperature. The melting curves of PSC were an
measured in black drum and sheepshead collagens. The distribuapparently bi-phase transition in contrast to an apparently mono-
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Figure 3. Melting curves of collagens. Filled square with solid line, black
drum ASC; filled triangle with solid line, sheepshead ASC; unfilled square
with dotted line, black drum PSC; unfilled triangle with dotted line,
sheepshead PSC.
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Figure 4. Thermal denaturation curves of collagens measured by viscosity.
Filled square with solid line, black drum ASC; filled triangle with solid
line, sheepshead ASC; unfilled square with dotted line, black drum PSC;
unfilled triangle with dotted line, sheepshead PSC. The experimental data
were shown in mean values and error bars represent standard deviations

(n=13).

phase transition for ASC. This suggests that the PSC collagen

possesses at least two inner domains with diverse stabilities, o
two different collagen molecules with diverse stabilities (e.g.,
the coexistence of [dl)]02(1) and as(l)oea(l)ous(l)) or that of
tropocollagen and atelocollagen. Such a two-stage melting
occurred in calf skin5), adult bovine derma, and rat-tail tendon
collagens 17) as well. It was reported that the thermal transition
pattern of collagen is affected by heating rat8)( as well as

by protein concentration (119). The first-phase transition for
PSC began at about 2&, while the transition for ASC started

at 28°C for black drum and 27C for sheepshead, respectively.
The transition was completed near 38 for both black drum

r
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Table 3. Imino Acids Content and Thermal Transition Temperature of
Collagens
imino acids
(Pro + Hyp)
content per Tm-CDI TVl physiological
source of collagen 1000 residues °C °C temp 3/°C
black drum skin ASC 199.8 34.8 34.2 15-35
sheepshead skin ASC 205.1 335 34.0 10-35
black drum skin PSC 197.1 35.1 35.8 15-35
sheepshead skin PSC 198.1 33.6 34.3 10-35
cod (Gadus morhua) skin ASC 130.3 13.0¢ NDP -0.5-10
calf skin ASC 215 ND 36.3¢ 37

@ Marine and Coastal Species Information (21). © ND, not determined. ¢ Burge
and Hyness (6). ¢ Sikorski et al (5). € Body temperature.

the other three collagen molecules. The greater viscosity can
be accounted for by the high average molecular weight of black
drum ASC, which results from the high proportion @f and
y-chains (Table 1). The viscosity of the ASCs declined as
temperature increased from about 27 to 39, while the
viscosity of the PSCs decreased from about 30 to°BG9
Thermally lowered viscosity could not be recovered upon
cooling (data not shown). The thermal pattern of decreasing
viscosity was expected to be similar to that shown in the melting
curves in response to heat-induced protein denaturation. How-
ever, small temperature effect differences were observed
between the CD spectrometer and viscometer data, resulting
from the differences in measurement conditions, such as heat
treatment.

Correlation between Chemical and Stability Character-
istics. Table 3summarizes imino acids (Prd Hyp) content
and thermostability results with physiological temperature of
fish. In general, collagen has a high content of imino acids,
and imino acid content is closely related to thermostabifif) (
The content of imino acids of black drum and sheepshead
collagen was closer to the imino acid content of calf collagen
than of cod, which inhabits cold-temperature sub-arctic waters
(Table 3). The melting temperature determined using CD was
34.8, 35.1, 33.5, and 33% for black drum ASC, black drum
PSC, sheepshead ASC, and sheepshead PSC, respectively. These
temperatures are similar to the denaturation temperafié,
range, 34.0—35.8C, of the Gulf coast fish studied. There was
no significant difference iMg-V between the collagens of the
two fish species and ASC and PSC. The high denaturation
temperatures (34.0—35.&C) indicated that black drum and
sheepshead collagens have high thermal stability similar to calf
skin collagen (36.3°C) (4). Denaturation temperatures of
collagens from over 30 marine sources (including 25 Teleostei
species) have been determined under similar conditions (0.1 M
acetic acid as solvent and protein concentration of 0.3 g&im
(7—9). The denaturation temperatures of black drum and
sheepshead collagens were higher than all of the fish collagens
previously reported. Aquatic species collagen that denatures
above 30°C includes skipjack (33.0C), carp (32.5°C), eel
(30.2°C), and Japanese sea bass (3€P(7—9). Thus, black
drum and sheepshead skin collagen was found to be quite heat-

and sheepshead collagens. The melted collagen formed a randon; ;e

coil, as shown by the CD spectrum at 4E (Figure 2).
Transition curves for black drum collagens appeared to shift at
a temperature near 1.8 higher than those of sheepshead
collagens.

One physicochemical characteristic of collagen is high
viscosity. Figure 4 shows the thermal behavior of collagen
viscosity. Reduced viscosity at 2& was higher for ASC than
that of PSC. Black drum ASC showed higher viscosity than

It is well-known that the transition temperature of monodis-
perse collagen is close to the upper limit of physiological
temperature (1Q20). Subtropical fish species, like black drum
and sheepshead, are capable of inhabiting water at temperatures
above 30°C (21). The high thermal stability of black drum and
sheepshead collagen results from the high content of Pro and
Hyp, allowing adaptation to high water temperatures. The
correlation between protein stability and upper physiological
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temperature suggests that other fish species living in the Gulf (12) Umemoto, S. A modified method for estimation of fish muscle

of Mexico coastal waters may also have thermally stable

collagens. The high denaturation temperature of black drum and

protein by the biuret methodNippon Suisan GakkaisHi966,
32, 427—435.

sheepshead collagens indicates the possible substitution of these(13) Benedict, R. C.; Ellis, R. L. Determination of nitrogen and protein

marine collagens for the land based animal collagens in current

commercial applications.

ACKNOWLEDGMENT

We wish to thank Mr. Harlon Pearce of LA Fish (Kenner, LA)
for supplying the fish skins used in this research. This work

was supported by a grant from the US Department of Commerce

through Louisiana Sea Grant Project # 167-14-5114.

LITERATURE CITED

(1) Avault, J., Jr. Perspective-aquaculture development: potential

for growth in the new millenniumLouisiana Agric.1999,42,
7.

(2) Morrisey, M. T. Full utilization.J. Aquatic Food Prod. Techno.
1999,8, 1-2.

(3) U. S. Consumption. In Fisheries of the United States 2000;
Holliday, M. C., O’'Bannon, B. K., Eds.; Fisheries Statistics and
Economics Division, National Marine Fisheries Service,
NOAA: Silver Spring, MD, 2001; 85—87.

(4) Helcke, T. Gelatin, the food technologist’s friend or fde®.
Food Ingredient2000,1, 6-8.

(5) Sikorski, Z. E.; Scott, D. N.; Buisson, D. H. The role of collagen
in the quality and processing of fis@rit. Rev. Food Sci. Nutr.
1984,20, 301—343.

(6) Burge, R. E.; Hynes, R. D. The optical rotatory power of
collagen.Nature 1959, 84, 1562—1563.

(7) Kimura, S.; Zhu, X.-P.; Matsui, R.; Shijoh, M.; Takamizawa, S.
Characterization of fish muscle type | collagédnFood Sci1988
53, 1315—-1318.

(8) Zhu, X.-P.; Kimura, S. Thermal stability and subunit composition
of muscle and skin type | collagens from skipjakskppon Suisan
Gakkaishi1991,57, 755—760.

(9) Nagai, T.; Suzuki, N. Isolation of collagen from fish waste
material — skin, bone, and finsfood Chem2000, 68, 277—
281.

(10) Privalov, P. L. Stability of proteingAdey. Protein Chem1982,
35, 1-104.

(11) Harrington, W. F.; Von Hippel, P. H. The structure of collagen
and gelatin Adv. Protein Chem1961,16, 1-138.

content of meat and meat producis Assoc. Off. Anal. Chem.
1987,70, 69-74.

(14) Sato, K. Comparative biochemistry of molecular species of fish
and mammalian collagen$rends in Comp. Biochem. Physiol.
1993,1, 557—-567.

(15) Sato, K.; Ebihara, T.; Adachi, E.; Kawashima, S.; Hattori, S.;
Irie, S. Possible Involvement of aminotelopeptide in self-
assembly and thermal stability of collagen | as revealed by its
removal with proteases]. Biol. Chem.200Q 275 25870~
25875.

(16) Nagai, T.; Yamashita, E.; Taniguchi, K.; Kanamori, N.; Suzuki,
N. Isolation and characterization of collagen from the outer skin
waste material of cuttlefishSepia lycidas).Food Chemistry
2001,72, 425—429.

(17) Brown, E. M.; Farrell, H. M., Jr.; Wildermuth, R. J. Influence
of neutral salts on the hydrothermal stability of acid-soluble
collagen.J. Protein Chem2000,19, 85-92.

(18) Engel, J. Folding and unfolding of collagen triple helickde.
Meat Res1987,4, 145—161.

(19) Komsa-Penkova, R.; Koynova, R.; Kostov, G.; Tenchov, B. G.
Thermal stability of calf skin collagen type | in salt solutions.
Biochim. Biophys. Actd996,1297, 171—-181.

(20) Rigby, B. J. Amino acid composition and thermal stability of
the skin collagen of the Antarctic ice-fisature 1968, 219,
166—167.

(21) Marine and Coastal Species Information System, Fish and
Wildlife Information Exchange, Conservation Management
Institute, Virginia Polytechnic Institute and State University.
1996. (http://fwie.fw.vt.edu/WWW/macsis/fish.htm)

(22) Yamaguchi, K.; Lavéty, J.; Love, R. M. The connective tissues
of fish VIII. Comparative studies on hake, cod, and catfish
collagen.J. Fd. Technol1976,11, 389—399.

(23) Herbage, D.; Bouillet, J.; Bernengo, J.-C. Biochemical and
physiological characterization of pepsin-solubilized type-II col-
lagen from bovine articular cartilag&iochem. J.1977, 161,
303—312.

Received for review April 5, 2003. Revised manuscript received October
6, 2003. Accepted October 28, 2003.

JF034350R



