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Abstract Acid-soluble collagen (ASC) and pepsin-soluble
collagen (PSC) from the skin of blacktip shark (Carcharhi-
nus limbatus) were isolated and characterized. The yield of
ASC (20.01%) was much higher than that of PSC isolated
from the residue of ASC extraction (0.86%). Both collagens
had protein as their major constituent with the trace amounts
of ash and fat. Based on protein patterns and TOYO-
PEARL® CM-650M column chromatography, both colla-
gens contained a- and f-chains as their main components
and were characterized as type I collagen with the cross-link
of o2-chain. Similar peptide maps of both collagens,
digested by either V8 protease or lysyl endopeptidase, were
observed but they were totally different from those of type I
collagen from calf skin hydrolyzed by the same enzyme.
Thermal transition temperature (7},,,,) of ASC and PSC were
34.23 and 34.37 °C, respectively. Fourier-transform infrared
spectra suggested that both collagens were in triple-helical
structure. From zeta potential analysis, isoelectric points (pI)
of ASC and PSC were estimated to be 6.78 and 7.02, respec-
tively. Thus, blacktip shark skin may serve as an alternative
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implemented with ease and high yield.
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Introduction

Collagen is one of the major structural components of ver-
tebrates and is generally found in skin, bone and other con-
nective tissues [1]. Collagen has been used in leather and
film industries, pharmaceutical, cosmetic and biomedical
materials and foods [2]. Most commercial collagens are
obtained from mammals, mainly from bovine bone, bovine
hide and porcine skin [3]. Nevertheless, these collagens
have the limitation for applications because of religious
constraints and anxiety of consumers about contamination
of bovine spongiform encephalopathy (BSE) in products
obtained from bovine origin. Consequently, increasing
interest has been paid to the alternative collagen sources,
especially fish skin and bone from seafood processing by-
products due to their abundance and low cost.

Shark is an elasmobranch, which has been exploited for
its meat (fillets and fish ball products), fin (dried shark fin),
liver (shark liver oil), skin (sun-dried products, leather) and
cartilage (shark cartilage powder and shark cartilage chon-
droitin) [4]. Shark skin can serve as an excellent source of
collagen with unique characteristics. Collagens have been
isolated and characterized from elasmobranchs, including
shark, skate and ray [5-7]. Blacktip shark have been used
for shark fin and fillet production in Thailand. Skin and car-
tilage generated during processing of blacktip sharks have
not been fully utilized and are mainly used for fish meal or
fertilizer with a low market value. Therefore, these collagenous
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materials could serve as a potential source of extractable
and value-added collagen. Additionally, the cost of waste
management or waste disposal could be reduced. However,
little information regarding the collagen from elasmo-
branchs, especially shark from tropical region, is available.
Therefore, the objectives of this investigation were to iso-
late and characterize collagen from blacktip shark skin, a
by-product from shark fin processing.

Materials and methods
Chemicals and enzymes

All chemicals used were of analytical grade. Type I colla-
gen from calf skin, pepsin from porcine stomach mucosa
(EC 3.4.23.1), (750 units/mg dry matter), V8 protease from
Staphylococcus aureus (EC 3.4.21.19) and lysyl endopepti-
dase from Achromobacter lyticus (EC 3.4.21.50) were
obtained from Sigma Chemical Co. (St. Louis, MO, USA).
Type II collagen from porcine cartilage, high molecular
weight markers and TOYOPEARL® CM-650M were pur-
chased from Wako Pure Chemical Industries, Ltd. (Tokyo,
Japan), GE Healthcare UK Limited (Buckinghamshire,
UK) and Tosoh Corporation (Tokyo, Japan), respectively.

Collection and preparation of shark skin

Skin of blacktip shark (Carcharhinus limbatus) with a size
of 70-100 cm in length was obtained from Blue Ocean
Food Products Co., Ltd. in Samutsakhon province, Thai-
land. The frozen shark skin (10 kg) packed in a zip-lock
bag (1 kg/bag) was placed in ice with the skin to ice ratio of
1:2 (w/w) in a polystyrene box and transported to the
Department of Food Technology, Prince of Songkla Uni-
versity by bus within 10 h. Upon arrival, the ice was
removed and the skin was then kept at —20 °C until used;
the storage time was not longer than 2 months. Prior to col-
lagen extraction, the frozen skin was thawed with running
tap water until the core temperature reached 5 °C. Then, it
was washed with cold tap water (<10 °C). The residual
meat on the skin was removed by a stainless knife. Thereaf-
ter, the clean skin was washed thoroughly with cold tap
water and cut into small pieces (1.0 x 1.0 cm?) using a pair
of scissors. Prepared skin was washed with cold tap water
again until ammonia smell disappeared. Two different lots
of shark skin were used; for each lot, the extraction was
carried out in duplicate.

Proximate analysis

Shark skin, acid-soluble collagen (ASC) and pepsin-soluble
collagen (PSC) were subjected to proximate analysis.
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Moisture, ash, fat and protein contents were determined
according to the AOAC [8] methods 950.46, 928.08,
960.39 and 920.153, respectively. The converting factor of
6.25 was used for calculation of protein content.

Assay for proteolytic activity of pepsin

Proteolytic activity of porcine pepsin was determined using
hemoglobin as a substrate at pH 2.0 and 50 °C for 20 min
according to the method of Nalinanon et al. [9]. After ter-
mination of enzymatic reaction, the oligopeptide content in
the supernatant was determined by the method of Lowry
[10] using tyrosine as a standard. One unit of activity was
defined as that releasing 1 pmole of tyrosine per min
(pmol Tyr/min).

Isolation of collagen from shark skin

The collagens, both ASC and PSC, were extracted accord-
ing to the method of Kittiphattanabawon et al. [11] and
Nalinanon et al. [12] with a slight modification. All proce-
dures were carried out at 4 °C. To remove non-collagenous
proteins, the prepared shark skin was mixed with 0.1 M
NaOH at a solid/alkali solution ratio of 1:10 (w/v). The
mixture was stirred for 6 h continuously using an overhead
stirrer (W20.n, IKA®-Werke GmbH & CO. KG, Staufen,
Germany) at a speed of 300 rpm and the alkali solution was
changed every 2 h. Then, the pretreated skin was washed
with cold tap water until pH of wash water became neutral
or faintly basic.

To extract collagen, the pretreated skin was soaked in
0.5 M acetic acid with a solid to solvent ratio of 1:15 (w/v)
for 48 h with a continuous stirring, followed by filtration
with two layers of cheesecloth. The collagen in filtrate was
precipitated by adding NaCl to a final concentration of
2.6 M in the presence of 0.05 M Tris(hydroxymethyl) ami-
nomethane, pH 7.5. The resultant precipitate was collected
by centrifugation at 20,000g at 4 °C for 60 min using a
refrigerated centrifuge (Avanti® J-E, Beckman Coulter,
Palo Alto, CA, USA). The pellet was dissolved in a mini-
mum volume of 0.5 M acetic acid. The solution was then
dialyzed against 25 volumes of 0.1 M acetic acid for 12 h,
followed by the same volume of distilled water for 48 h.
Then, the resulting dialysate was freeze-dried using a
freeze-dryer (CoolSafe 55, ScanLaf A/S, Lynge, Denmark).
The obtained collagen from acid solubilization process was
referred to as “acid-soluble collagen, ASC”. The undis-
solved residue obtained after acid extraction was used for
PSC extraction. The residue was soaked in 0.5 M acetic
acid with a solid to solvent ratio of 1:15 (w/v) and porcine
pepsin (20 unit/g of residue) was added. The mixtures were
continuously stirred at 4 °C for 48 h, followed by filtration
using two layers of cheesecloth. The filtrate was collected
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and subjected to precipitation and dialysis in the same
manner that was used for ASC as previously described. The
obtained collagen from pepsin solubilization process was
referred to as “pepsin-soluble collagen, PSC”. Both colla-
gens were subjected to analyses.

Characterization of collagen from shark skin
UV-Vis measurement

Collagen was dissolved in 0.5 M acetic acid to obtain a
concentration of 1 mg/mL. The solution was then subjected
to UV-Vis measurement using a double-beam spectropho-
tometer (UV-1700, Shimadzu, Kyoto, Japan). Prior to mea-
surement, the baseline was set with 0.5 M acetic acid. The
spectrum was obtained by scanning the wavelength in the
range of 220-600 nm with a scan speed of 50 nm/min at
room temperature.

Amino acid analysis

ASC and PSC were hydrolyzed under reduced pressure in
4.0 M methanesulphonic acid containing 0.2% (v/v) 3-2(2-
aminoethyl) indole at 115 °C for 24 h. The hydrolysates
were neutralized with 3.5 M NaOH and diluted with 0.2 M
citrate buffer (pH 2.2). An aliquot of 0.4 mL was applied to
an amino acid analyzer (MLC-703; Atto Co., Tokyo,
Japan).

Electrophoretic analysis

Protein pattern was analyzed by the method of Laemmli
[13]. The collagens were dissolved in 5% SDS solution.
The mixtures were then heated at 85 °C for 1 h using a
temperature-controlled water bath model W350 (Memm-
ert, Schwabach, Germany), followed by centrifugation at
8,500g for 5 min to remove undissolved debris. Solubi-
lized samples were mixed with the sample buffer (0.5 M
Tris—HCI, pH 6.8 containing 4% SDS and 20% glycerol in
the presence or absence of 10% (v/v) fME) at a 1:1 (v/v)
ratio. The mixtures were loaded onto polyacrylamide gel
made of 7.5% separating gel and 4% stacking gel and sub-
jected to electrophoresis at a constant current of 20 mA/
gel. After electrophoresis, gels were fixed with a mixture
of 50% (v/v) methanol and 10% (v/v) acetic acid for
30 min, followed by staining with 0.05% (w/v) Coomassie
blue R-250 in 15% (v/v) methanol and 5% (v/v) acetic acid
for 1 h. Finally, the gels were destained with a mixture of
30% (v/v) methanol and 10% (v/v) acetic acid for 1 h and
destained again with the same solution for 30 min. High
molecular weight markers were used to estimate the
molecular weight of proteins. Type I and type II collagens

from calf skin and porcine cartilage, respectively, were
used as standard collagens.

TOYOPEARL® CM-650M column chromatography

Collagen components were fractionated using TOYO-
PEARL® CM-650M column chromatography according to
the method of Nagai et al. [14] with a slight modification.
Collagen samples (20 mg) were dissolved in 5 mL of start-
ing buffer (20 mM sodium acetate buffer, pH 4.8) at room
temperature (25-26 °C) and were placed in boiling water
for 1 min. The mixtures were centrifuged at 20,000g at
room temperature for 30 min to remove undissolved debris.
The supernatants were loaded onto the TOYOPEARL®
CM-650 M column (1.0 x 5.0 cm) previously equilibrated
with the starting buffer, approximately 10 volumes of col-
umn, at a flow rate of 60 mL/h. After loading, the unbound
proteins were washed with the starting buffer until A,;, was
less than 0.05. The column was eluted with a linear gradient
of 0-0.2 M NaCl in the same buffer at a flow rate of 40 mL/
h with a total volume of 200 mL. The eluent was monitored
at 230 nm and the 2-mL fractions were collected. The
selected fractions were subjected to SDS-PAGE using 7.5%
separating gel and 4% stacking gel as previously described
in section of electrophoretic analysis.

Peptide mapping

Peptide mappings of collagen samples were performed
according to the method of Kittiphattanabawon etal. [11]
with a slight modification. The samples (6 mg) were dis-
solved in 1 mL of 0.1 M sodium phosphate, pH 7.2 contain-
ing 0.5% (w/v) SDS. The mixtures were then preheated at
37 °C for 3 h and 300 pL transferred to test tubes for diges-
tion. To initiate the digestion, 20 pL. of each enzyme solu-
tion, including Staphylococcus aureus V8-protease or lysyl
endopeptidase from Achromobacter lyticus with concentra-
tions of 5 and 50 pL/mL, respectively, were added to the
mixtures. The reaction mixtures were then incubated at 37 °C
for 1 h. The reactions were terminated by subjecting the reac-
tion mixture to boiling water for 3 min. Peptides generated
by the protease digestion were determined by SDS-PAGE
using 7.5% separating gel and 4% stacking gel. Peptide map-
ping of type I collagen from calf skin was conducted in the
same manner and the peptide patterns were compared.

Thermal transition analysis

The collagens were rehydrated by adding deionized water
to dried samples at a solid to solution ratio of 1:40 (w/v).
The mixtures were allowed to stand for 2 days at 4 °C prior
to analysis. Thermal transition analysis was performed
using a differential scanning calorimeter (DSC7, Perkin
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Elmer, Norwalk, CT, USA). Temperature calibration was
run using the Indium thermogram. The sample (5-10 mg)
was accurately weighed into aluminum pans and sealed.
The sample was scanned at 1 °C/min over the range of 20—
50 °C using iced water as the cooling medium. An empty
pan was used as the reference. The maximum transition
temperature (7,,,) was determined from the thermogram.
Total denaturation enthalpy (AH) was estimated by measur-
ing the area of DSC thermogram.

Zeta potential analysis

Collagens were dissolved in 0.5 M acetic acid to obtain a
final concentration of 0.05% (w/v). The mixtures were con-
tinuously stirred at 4 °C using a magnetic stirrer model BIG
SQUID (IKA®-Werke GmbH & CO.KG, Staufen, Ger-
many) until the samples were completely solubilized. Zeta
(8) potential of collagen solutions was measured by zeta
potential analyzer model ZetaPALs (Brookhaven Instru-
ments Co., Holtsville, NY, USA). Solutions (20 mL) were
transferred to autotitrator model BI-ZTU (Brookhaven
Instruments Co., Holtsville, NY, USA), in which the pH of
solutions was adjusted to 2—12 using either 1.0 M nitric
acid or 1.0 M KOH. The zeta potential of the solution
obtained at all pHs determined was recorded.

Fourier-transform infrared (FTIR) spectroscopy

FTIR spectra of collagens were obtained using a Bruker
Model EQUINOX 55 FTIR spectrometer (Bruker, Ettlin-
gen, Germany) equipped with a deuterated L-alanine tri-
glycine sulphate (DLATGS) detector. The horizontal atten-
uated total reflectance accessory (HATR) was mounted into
the sample compartment. The internal reflection crystal
(Pike Technologies, Madison, WI, USA), made of zinc sel-
enide, had a 45° angle of incidence to the IR beam. Spectra
were acquired at a resolution of 4 cm™' and the measure-
ment range was 4,000-650 cm~! (mid-IR region) at room
temperature. Automatic signals were collected in 32 scans
at a resolution of 4 cm~! and were ratioed against a back-
ground spectrum recorded from the clean empty cell at
25 °C. Analysis of spectral data was carried out using a
OPUS 3.0 data collection software program (Bruker, Ettlin-
gen, Germany).

Results and discussion

Proximate composition of blacktip shark skin,
ASC and PSC

Shark skin contained moisture (67.62%) as its major com-
ponent. Its protein and ash contents were 27.40 and 4.15%,
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respectively, along with trace amounts of fat (0.17%). Big-
eye snapper (Priacanthus tayenus) skin contained moisture,
protein, ash and fat contents of 64.08, 31.99, 3.23 and
0.98%, respectively [11]. Yields of ASC and PSC were
20.01 and 0.86% (wet weight basis), respectively. Based on
the extractable collagen obtained, ASC and PSC constituted
95.88 and 4.12%, respectively. It was noted that PSC from
shark skin was much lower than that of brownstripe red
snapper (Lutjanus vitta) skin collagen (34.30% based on
extractable collagen weight) [15]. In general, intermolecu-
lar cross-links occurring at telopeptide region were cleaved
by pepsin, leading to increased solubilization [1]. Collagen
from blacktip shark skin might have lower intermolecular
cross-links compared with that from brownstripe red snap-
per skin. Thus, most of collagens were extracted during
acid solubilization and only a small portion of cross-links
was retained for further pepsin solubilization. ASC showed
a similar chemical composition to PSC. Both collagens had
high protein content (89.84-90.29%) with a low moisture
content (6.92-8.31%). Additionally, both ASC and PSC
contained a small amount of ash (0.58-0.84%) and fat
(0.17-0.20%). From UV-Vis spectra of both collagens, an
absorbance at 230 was observed with high intensity, while
the absorbance at 280 nm was of low intensity (data not
shown). The results indicated high efficacy of non-
collagenous protein removal. Collagen commonly has a
low amount of tyrosine, which could absorb UV-light at
280 nm [16].

Amino acid composition of ASC and PSC

The amino acid composition of both ASC and PSC from
blacktip shark skin expressed as residues per 1,000 total
residues is shown in Table 1. Amino acid composition of
ASC and PSC was quite similar. Both collagens had gly-
cine as their major amino acid (317-323 residues/1,000
residues) and were rich in alanine (118-120 residues/
1,000 residues), proline (109-111 residues/1,000 resi-
dues) and hydroxyproline (88-92 residues/1,000 resi-
dues). Cysteine (1 residue/1,000 residues), tyrosine (1-3
residues/1,000 residues), hydroxylysine (5-6 residues/
1,000 residues) and histidine (7-8 residues/1,000 resi-
dues) were found in very low amounts. Generally, glycine
is about one-third of the total amino acid residues. Proline
and hydroxyproline constitute about one-fifth and alanine
is for about one-ninth [1]. Imino acid content (proline and
hydroxyproline) of ASC and PSC was 197 and 203 resi-
dues/1,000 residues, respectively, which is much higher
than that of Atlantic cod (Gadus morhua) skin (154 resi-
dues/1,000 residues) [16] but slightly lower than that of
calf skin collagen (215 residues/1,000 residues). The
imino acid of fish collagens has been known to correlate
with the water temperature of their normal habitat [17].



Eur Food Res Technol (2010) 230:475-483 479
Table 1 Amino acid compositions of ASC and PSC from the skin of Non-reducing Reducing
blacktip shark (residues/1,000 residues)
Amino acid ASC PSC HMC
-
Alanine 118 120 -
220kDa —— —"
Arginine 54 54 170kDa — g Y - " - " —B
Aspartic acid/asparagine 42 40
Cysteine 1 1 116kDa— s " - - - v — ol
Glutamine/glutamic acid 77 75 - — o2
lyci 17 2
Glycine 3 323 76kDa —
Histidine 8 7 70kDa — S
Isoleucine 20 19
Leucine 25 24
Lysine 28 26 53kDa — e
Hydroxylysine 5 6
Methionine 14 14
Phenylalanine 14 12 —
Hydroxyproline 88 92 M I ASC PSC ASC PSC 1I
Proline 109 111 i . .

. Fig. 1 SDS-PAGE patterns of ASC and PSC from the skin of blacktip
Serine 29 29 shark under non-reducing and reducing conditions. M, I, Il and HMC
Threonine 21 20 denote high molecular weight protein markers, type I collagen from
Tyrosine 3 1 calf skin, type II collagen from porcine cartilage and high MW cross-
Valine 2% 25 linked components, respectively
Total 1,000 1,000
Imino acid 197 203

Hydroxyproline plays an important role in stabilization of
the helix structure by preventing rotation of the N-C bond
[17].

Protein patterns of ASC and PSC

The protein patterns of ASC and PSC from blacktip shark
skin determined under non-reducing and reducing condi-
tions are shown in Fig. 1. Similar protein patterns of both
collagens tested under both conditions were observed, sug-
gesting that no disulfide bond was found in both collagens.
This was concomitant with the negligible content of cys-
teine (Table 1). Coincidentally, collagen from brownstripe
red snapper skin [15], Nile perch skin (Lates niloticus) [18]
and bigeye snapper skin and bone [11] contained no disul-
fide bonds. Both ASC and PSC comprised «1- and f-chains
as their major components with the low band intensity of
o2-chain. y-chain was found at very low content. PSC
contained a lower amount of y-chain, compared with ASC.
Furthermore, it was noted that the molecular weights of
al-, «2- and f-chains of PSC were slightly lower than those
of ASC. This was probably due to the cleavage of telopep-
tide region of tropocollagen by pepsin used for solubiliza-
tion [9]. As a result, slightly lower molecular weight was
noticeable in PSC. No degradation of PSC was observed,

reconfirming that pepsin specifically cleaved at telopeptide
region.

Subunit compositions of ASC and PSC

The chromatograms of ASC and PSC dissociated by heat
treatment and subjected to TOYOPEARL® CM-650M col-
umn are shown in Fig. 2. Two major peaks were obtained.
The differences in chromatograms of both collagens were
rarely observed, in which the peaks were found at different
retention times. The chromatographic fractions indicated by
numbers were subjected to SDS-PAGE. For the first peak,
the o1-chain was observed for the fraction no. 31-47 and
43-58 of ASC and PSC, respectively. For the second peak,
o2- and f- chain were observed for the fraction no. 61-88
and 68-89 of ASC and PSC, respectively. Nevertheless,
a1-chain was also found to small extent in the second peak.
The results suggested that both collagens might be type I
collagen, even though the band intensity of «l-chain was
not two-fold higher than that of «2-chain (Fig. 1). It is most
likely that o2-chain in shark skin collagen did not exist as a
monomer but exclusively as a f12-dimer combined with
ol-chain [19]. This was in agreement with the large band
intensity of f-chain that appeared in collagen and the frac-
tion no. 75 and 80 for ASC and PSC, respectively. As a
result, the low intensity of «2-chain was detected on SDS-
PAGE. This result was in accordance with type I collagen
from other elasmobranchs [5, 6].
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Fig. 2 Elution profile of ASC A —HMC
(a) and PSC (b) from the skin _ly3
ip s 220 kDa— —p11
of blacktip sharé( on the . 220kDa— =y [ - —B12
TOYOPEARL"™ CM-650M ion-
exchange chromatography. The 116 kDa— wee (il - — ol
fractions indicated by numbers —o2
were examined by SDS—PAGE 76 kDa— i
using 7.5% separating gel. M, C 70 KDa— e
and HMC denote high molecular
weight protein markers, collagen 53 KkDa—
and high MW cross-linked com-
ponents, respectively
_l\_/I— C 31 39 47 61 75 88
0.50 ¢ —e— A230 7 o 0-02MNaCl - 55
------- Conductivity 3|9 . -
0.40 1 +20 E
L
wn
0.30 1 E’
g 1° =
«a -
< 2z
=
0.20 4 + 10 g
=
=
0.10 4 +5 S
0.00 t t 0
0 110 120 130
Fraction No. (2 mL)
B -— —HMC
—Y
220 kDa— —Bl11
170 kDa— | . - 2
116 kDa— =
: » - =%
76 kDa— » &
70 kDa — s
53kDa— « =
M C 43 49 58 68 80 89
0.50 ¢ ——A230 30 0-0.2 M NaCl T 25
....... Conductivity | o ’
0.40 4 £
<
vl
0.30 4 g/
< =
0.20 4 5
=
s
0.10 4 Q
0.00 4 t t t t t t t t t t t 0

Based on the previous reports, collagen from the skin of
elasmobranchs were found as (o1),02 with cross-linking of
o2 into ale2-dimer ($12) [5, 6]. Additionally, «2-chain was
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40 50 60 70 80 90 100 110 120 130
Fraction No. (2 mL)

eluted as the second peak, following the first peak of o1-chain
(Fig. 2). Nevertheless, it was possible that homotrimer
might be included in the collagen from shark skin.
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Peptide mapping of ASC and PSC

Peptide maps of ASC and PSC from blacktip shark skin
digested by lysyl endopeptidase or V8-protease in compari-
son with those of type I collagen from calf skin are illus-
trated in Fig. 3. Marked differences in peptide maps of ASC
and PSC from shark skin was observed when compared
with that of calf skin collagen. However, similar peptide
maps were observed between ASC and PSC when V8-pro-
tease was used (lanes 9, 10). On the other hand, some
differences in peptide maps of ASC and PSC digested with
lysyl endopeptidase were found (lanes 6, 7). It was noted
that peptides with MW ranging from 59.2 to 73.2 kDa were
different between ASC and PSC. For peptide maps of colla-
gens digested by lysyl endopeptidase (lanes 5-7), o-, f3-, -
chains and high MW cross-linked components of collagen
from calf skin and shark skin were hydrolyzed into the deg-
radation peptides with MW ranging from 53 to 220 kDa (10
major peptide fragments for calf skin collagen) and 52.9—
277.3 kDa (11 and 9 major peptide fragments for ASC and
PSC, respectively), respectively. Thus, calf skin collagen
was more susceptible to hydrolysis by lysyl endopeptidase
than shark skin collagens. Calf skin collagen might contain
a higher amount of lysine than shark skin collagen. As a
consequence, lysyl endopeptidase, specific to hydrolyze
peptide bonds at the carboxyl side of lysyl residues [20],
was able to cleave the peptides in calf skin collagen more
effectively.

For peptide maps of collagens digested by V8-protease,
the major components, including «-, -, y-chain and high
MW cross-linked components, of both ASC and PSC were
degraded into 13 major peptide fragments with MW of
173.5, 160.1, 147.7, 133.6, 97.6, 92.5, 84.7, 73.2, 70, 63.5,

Original  Lysyl endopeptidase V8-protease
R K _ ¥ == a ., —HMC
—
220kDa—!-q.'. - B
170kDa— &3 . — - = E
— — _‘: -
— . = ol
116kDa— * ! i
e SESwE -
76kDa — %y 4
70kDa — % ik >~
53kDa —
— —— g A — -
M 1 ASC PSC 1 ASC PSC 1 ASC PSC

Fig. 3 Peptide maps of ASC and PSC from the skin of blacktip shark
digested by lysyl endopeptidase or V8-protease. M and I and HMC
denote high molecular weight protein markers, type I collagen from
calf skin and high MW cross-linked components, respectively

58.4, 54.5 and 48.8 kDa. Generally, peptide maps of ASC
and PSC were similar. In contrast, no degradation band was
found in peptide maps of calf skin collagen. The result sug-
gested that calf skin collagen was more tolerant to digestion
by V8-protease than shark skin collagens. V8-protease
exhibits a high degree of specificity for glutamic acid and
aspartic acid residues of peptides and proteins [21]. ASC
and PSC contained a high amount of these amino acids
(Table 1). Therefore, both ASC and PSC were more likely
cleaved by V8-protease. Based on peptide mapping, colla-
gen from calf skin and shark skin were totally different in
terms of amino acid sequence and composition.

Thermal transition of ASC and PSC

Differential scanning calorimetry (DSC) thermograms of
ASC and PSC are shown in Fig. 4. The maximum transition
temperature (7,,,) of ASC and PSC were 34.23 and
34.37 °C, respectively. Owning to similarity in 7,,,,, pepsin
digestion at telopeptide region during PSC extraction might
not affect collagen structure, especially triple-helical struc-
ture. Similar 7,,,, of ASC and PSC was also reported for
collagen from brownstripe red snapper skin [15]. However,
a difference in enthalpy (AH) between ASC (0.91 J/g) and
PSC (0.64 J/g) was found. The cleavage of telopeptide
region by pepsin or some removal of those peptides might
facilitate the denaturation of PSC induced by heat. When
comparing 7, of collagen from shark skin, both ASC and
PSC, with those of collagen from other fish, shark skin col-
lagen had a higher T,,, than those from cold-water fish
skin, such as Atlantic cod (15 °C) [16] and deep-sea redfish

Tiax =34.23 £0.15 °C
AH=0.91%0.06J/g

Heat flow (W/g).

Tiax =34.37£0.27 °C
AH=0.64%0.111J/g

25 30 35 40 45 50

Temperature (°C)

Fig. 4 Thermograms of ASC and PSC from the skin of blacktip shark
rehydrated in distilled water
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(Sebastes mentella) (16.1 °C) [22]. Furthermore, T, of
ASC and PSC from blacktip shark skin was also slightly
higher than that of other tropical fish, such as bigeye snap-
per skin (31 °C) [11]. Nevertheless, it was slightly lower
than that of mammalian collagen, including calf skin colla-
gen (40.8 °C) [16] and porcine skin collagen (37 °C) [14].
The variation in T, ,, of collagens among these species is
related to the habitat temperature and the content of imino
acids (proline and hydroxyproline). Shark skin collagen
showed a higher imino acid content (197-203 residues/
1,000 residues) than did collagen from cold-water fish
(154-165 residues/1,000 residues) [16, 22], and tropical
fish (190-193 residues/1,000 residues) [11, 16] but con-
tained lower imino acids than that from mammals (215 res-
idues/1,000 residues) [16]. In general, collagen containing a
low content of imino acids undergoes denaturation at lower

temperatures than do those with higher contents [17].
Zeta potentials of ASC and PSC at different pHs

The zeta potentials of ASC and PSC at different pHs are
shown in Fig. 5. The zeta potentials of ASC and PSC
sharply decreased as pH increased from 2 to 5. A slight
decrease was noticeable at pH above 5 for PSC, while a
higher rate of decrease in pH was obtained in ASC in pH
range of 5-10. Net charge of zero was observed at pH 6.78
and 7.02, for ASC and PSC, respectively. At pH values
below and above their isoelectric point (pl), proteins carry a
net positive or a net negative charge, respectively [23]. As a
consequence, pl of ASC and PSC were estimated to be 6.78
and 7.02, respectively. The difference in pl and the rate of

35
—8— ASC
30
—&— PSC
25
~ 207
>
g
= 15 A
-
=
&
e 10
=3
g
L
N 54
0 T T T T T T T T T T T
2 3 4 5 6 7 112 13 14
-5 -
-10

pH

Fig. 5 Zeta () potential of ASC and PSC from the skin of blacktip
shark at different pHs
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changes in zeta potential in pH range of 5-10 between ASC
and PSC might be caused by the different amino acids med-
iated by partial removal of telopeptides by pepsin used.

Fourier-transform infrared (FTIR) spectra of ASC and PSC

FTIR spectra of ASC and PSC from the skin of blacktip
shark are shown in Fig. 6. The patterns of ASC and PSC
spectra were similar to those of collagen from other fish
species reported in the literatures [14, 18, 22]. FTIR spectra
of ASC and PSC were quite similar, indicating similar
secondary structures of both collagens [24]. The amide I
band and amide II band of both ASC and PSC were
observed at the wavenumber of 1,631-1,634 cm~! and
1,538-1,541 cm’l, respectively. The amide I band is asso-
ciated with C=O stretching vibration or hydrogen bond
coupled with COO™ [25]. Moreover, it is a sensitive marker
for the secondary structure of proteins in FTIR analysis
[26]. Payne et al. [25] reported that a shift of amide I and II
peaks to lower wavenumber is associated with a decrease in
the molecular order. No shift in wavenumber of amide I
(1,631-1,634 cm™') and II peaks (1,538-1,541 cm™') was
noticeable for both collagens, suggesting the similarity in
intra-molecular alignment of triple helix between both sam-
ples. Furthermore, it was implied that pepsin did not affect
the triple-helical structure of collagen as indicated by a
ratio of approximately 1 between amide III and 1,454 cm™!
band of both ASC (1.04) and PSC (0.99) [27].
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«—Amide II

<« Amide IIT

Amide A
< Amide B

Absorbance

ASC

PSC

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
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Fig. 6 FTIR spectra of ASC and PSC from the skin of blacktip shark
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The amide A band of ASC and PSC was found at 3,294
and 3,295 cm™!, respectively, suggesting the N-H stretch-
ing vibration and the existence of hydrogen bonds. Doyle
et al. [28] reported that a free N-H stretching vibration
commonly occurs in the range of 3,400-3,440 cm™ !, and
when the NH group of a peptide is involved in a hydrogen
bond, the position is shifted to lower frequencies. Amide B
band of both collagens was observed at the wavenumber
ranging from 2,922 to 2,925 cm~!, which is related to
asymmetrical stretch of CH, stretching vibration. The
result is in accordance with other reports [14, 16, 18] and
suggests that the triple-helical structure was not affected
by pepsin digestion during collagen extraction and that
pepsin specifically cleaved only at telopeptide regions of
tropocollagen.

Conclusions

ASC and PSC could be extracted from the skin of blacktip
shark. A much higher yield was obtained for ASC, in com-
parison with PSC. Both ASC and PSC were most likely
type I collagen, in which o2-chain was covalently cross-
linked to f-chain. This might be associated with a higher
thermal stability of collagen from blacktip shark skin.
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