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Abstract 
In recent years, the species of fishes has received some attention due to its ecological role in pelagic food 
webs. Leather products (light leathers, parchment, clay, etc.) have been useful materials since the dawn of 
human history. Collagen is the main ingredient of leather. Hence, the physicochemical properties of collagen 
have an important effect on the structure and performance of leather. In this paper, Acid soluble collagen 
(ASC) and pepsin soluble collagen (PSC) with triple helical structures were successfully extracted from the 
outer skin of lumpfish by two different extraction approaches. For comparison, collagen (PPSC) was 
extracted from the outer skin of pig using a pepsin digestion method. Sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) pattern revealed that ASC and PSC were typical type I collagen, consisting 
of α1, α2 and β-chains. Fourier transform infrared (FTIR) spectra of ASC and PSC were observed and 
suggesting that pepsin hydrolysis did not affect the secondary structure of collagen, especially triple-helical 
structure. Moreover, Both ASC and PSC showed maximum absorption of Ultraviolet at 232 nm. For ASC 
and PSC from the skin of lumpfish, the isoelectric points (pIs) were recorded at pH 5.33 and 4.71 
respectively, which supposed to be correlated with acidic and basic amino acids residues. The pIs of PSC and 
PPSC were lower than that of ASC, this might be attributed to pepsin cleaved the telopeptide region, 
resulting to difference in amino acid composition in α-chains. And the denaturation temperatures (Td) from 
the thermal denaturation curve were calculated to be 17.9oC and 17.5oC respectively. The Td of ASC, PSC 
from the skin of lumpfish were significantly lower than that of PPSC (37.9oC). Due to lumpfish was deep-
sea fish, its physicochemical properties are different from that of temperate, tropical fish species and 
mammals. especially the thermal denaturation temperature (Td). The results further support that the 
thermal stability of collagen is correlated with the environmental and body temperatures of fishes. This 
research suggests that collagen from the skin of lumpfish could serve as an alternative source of collagen. 
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INTRODUCTION 
Leather products (light leathers, parchment, clay, 

etc.) have been useful materials since the dawn of 
human history. Collagen is the main ingredient of 
leather. Non-collagenous protein and proteoglycans are 
removed out from raw materials during the leather 
manufacturing process, leading to that the triple-helical 
structure of collagen became progressively loose. 
Hence, the physicochemical properties of collagen have 
an important effect on the structure and performance of 

leather. Collagen is the most abundant and widespread 
structural protein in vertebrates, constituting about 30% 
of the total protein of most organisms (Woo et al. 2008). 
Collagen is a predominant component of extra cellular 
matrix (ECM), widely distributing in skins, bones, 
tendons, etc. To date, at least 29 different types of 
collagen have been identified in vertebrates, and named 
as type I-XXIX (Sinthusamran et al. 2013). Among 
them, type I collagen is the most common one, 
accounting for more than 90% of the total collagen. 
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Collagen has a wide range of applications in biomedical, 
cosmetic, food and pharmaceutical fields (Wang et al. 
2007), due to its biodegradability, low immunogenicity, 
haemostaticity and biocompatibility properties, which 
can be used as vitreous implants for the eye, skin 
substitutes, as carriers for drug delivery, production of 
wound dressings (Senaratneet et al. 2006, Singh et al. 
2011). 

Generally, collagen is isolated from the skins and 
bones of the livestocks, such as cows and pigs. However, 
the outbreaks of bovine spongiform encephalopathy 
(BSE) and foot and mouth disease (FMD) have casted 
restrictions on the use of collagen from these animals 
(Huang et al., 2011). In addition, as a result of religious 
constraint, any pig and cow related products cannot be 
used in some areas of the world (Kittiphattanabawon et 
al. 2010). Searching the alternative sources of 
commercial collagen appears to be highly demanded. In 
recent years, byproducts of fish have received more and 
more attention as the substitute for collagen from 
mammals because of its abundantity. 
(Kittiphattanabawon et al. 2005). Approximately 50–
70% of the original raw material generated as wastes 
during the fish processing can be used for collagen 
production (Jongjareonrak et al. 2005). Extraction and 
characterization of collagens from different fish species 
have been reported, such as surf smelt skins (Nagai et 
al. 2010), tilapia, grass carp and silver carp skins (Tang 
et al. 2015), rohu catla scales(Pati et al. 2010), cultured 
catfish muscles (Kiew et al. 2013), brownbanded 
bamboo and blacktip shark cartilages 
(Kittiphattanabawon et al. 2010). There have been no 
reports so far on the isolation and characterization of 
collagen from lumpfish. Lumpfish (lumpus), which is 
commonly found in the iceberg area of arctic or north 
Atlantic, belongs to the circular fin species. They live in 
the 200 meters deep in the ocean, where no pollution is 
a factor. In addition, the fish contains a lot of 
unsaturated fatty acid and calcium. More important, 
their skins are very thick, accounting for about one third 
of their total body weight, which explains why 
lumpfishes have rapidly caught scientific attention these 
days. In this paper, we isolated and characterized 
collagen from the skin of lumpfish and aims to extend 
the application of lumpfish. 

MATERIALS AND METHODS 

Chemicals 
Lumpfish was purchased from a local fish market. 

Pepsin-soluble collagen was extracted from pig skin 
(PPSC) in our laboratory. Pepsin 1:3000 porcine 

source, β-mercaptoethanol (β-ME), Acrylamide, 
Coomassie Brilliant Blue R-250 and N, N, N’, N’-
tetramethyl ethylene diamine (TEMED) were 
purchased from Shanghai solarbio Bioscience & 
Technology Co., Ltd (China). Sodium dodecyl 
sulphates (SDS), Tris (hydroxylmethyl) 
aminomethane, Acetic acid, Sodium chloride (NaCl) 
were obtained from Sinopharm Chemical Reagent Co., 
Ltd (China). All other chemicals and reagents used were 
of analytical grade. 

Isolation of Collagen 

Pretreatment of skin 
The fish skin was washed with distilled water, cut 

into small pieces (5mm×5mm) and treated with 0.1 M 
NaOH (1:8, w/v) for 24h, to remove non-collagenous 
proteins. Then the alkali-treated skins were removed fat 
with 10% n-butyl alcohol (1:8, w/v) for 24 h. The 
residue was fully washed with distilled water and 
lyophilized. All of the procedures were carried out at 4 
°C. 

Extraction of acid-soluble collagen (ASC) 
The pretreated fish skin was used to ASC extraction 

with 0.5 M acetic acid, at a ratio of 1:5 (w/v) for 3 days 
at 4 oC. After extraction, the mixture was centrifuged at 
26,000×g for 15 min. The supernatant was salted out by 
adding NaCl to a final concentration of 2.3 M and 
followed by precipitation of collagen by the addition of 
NaCl, to a final concentration also of 2.3 M at a neutral 
pH (0.05 M Tris–HCl, pH 7.0). The resultant 
precipitate was obtained by centrifugation at 15800×g 
for 15 min and dissolved in 0.5 M acetic acid, then 
dialyzed against 0.1 M acetic acid and distilled water. 
After being lyophilized, the collagen was stored at -25 
°C until use. 

Extraction of pepsin-soluble collagen (PSC) 
The pretreated fish skin was completely soaking in 

0.5 M acetic acid and subjected to limit hydrolysis with 
0.05% (w/v) pepsin for 24 h at 4 oC with gentle stirring. 
The mixture was centrifuged at 26,000×g for 15 min at 
4 oC and the supernatant obtained was dialyzed against 
0.02 M sodium phosphate buffer (pH 7.2) for 3 days. 
Other steps were consistent with those used for ASC as 
described above. 

Sodium Dodecyl Sulfate-Polyacrylamide Gel 
Electrophoresis (SDS-PAGE) 

SDS-PAGE was performed following the method of 
(Veeruraj et al. 2015). The lyophilized collagen samples 
(ASC, PSC and PPSC) were mixed with the sample 
buffer (0.5 M Tris–HCl, pH 6.8, containing 1% SDS, 
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10% glycerol and 0.02% BPB) in the presence or 
absence of β-ME (Mercaptoethanol). The mixtures 
were kept in boiling water for 2 min. 10uL Sample 
solutions were loaded onto polyacrylamide gels 
comprising 7% running gel and 5% stacking gel. After 
electrophoresis, the gel was stained with 0.05% (w/v) 
Coomassie brilliant blue R-250 in 15% (v/v) methanol 
and 5% (v/v) acetic acid and destained with 30% (v/v) 
methanol and 10% (v/v) acetic acid. High-molecular 
weight markers (11-245 kDa, Solarbio) were used to 
estimate the molecular weights of proteins. 

Fourier Transform Infrared Spectroscopy (FTIR) 
FTIR spectra of ASC, PSC and PPSC were obtained 

with attenuated total reflection-Fourier transform 
infrared (ATR-FTIR) spectroscopic analysis, using a 
FTIR spectrometer (Thermofisher, Nicolet iS5, USA), 
according to the published method (Matmaroh et al. 
2011). Spectra were acquired at a resolution of 4 cm-1 

and the measurement range was 4000–650 cm-1 at room 
temperature. 

UV Absorption Spectrum 
UV absorption spectrum of ASC, PSC and PPSC 

were measured using a Shimadzu-UV 
Spectrophotometer. The collagen samples were 
dissolved in 0.5 M acetic acid to obtain a concentration 
of 1 mg/ml. The UV spectrum was measured at 
wavelength between 200 to 400 nm at scan speed of 2 
nm/s. 

Zeta Potential Analysis 
Zeta potential analysis was performed based on the 

method of (Matmaroh et al. 2011). ASC, PSC and 
PPSC (50mg) were dissolved in 0.5 M acetic acid 
(100ml), respectively. The mixtures were placed at 4 oC 
until the samples were completely solubilized. The pH 
of the collagen solutions were adjusted to 2-8 using 6.0 
M NaOH. Then solutions were subjected to a zeta 
potential analysis using a model Nano-ZS90 (Malvern 
Instruments Ltd. UK). The zeta potential for each 
sample was recorded. 

Determination of Denaturation Temperature 
(Td) 

The denaturation temperature (Td) of ASC, PSC 
and PPSC solutions were measured by the method of 
(Nagai et al., 2010), using an Ostwald’s type viscometer. 
The lyophilized collagen sample was dissolved in 0.1 M 
acetic acid to obtain a concentration of 0.3 mg/ml, and a 
10 ml collagen solution was placed in the viscometer. 
The denaturation curve was obtained by measuring the 
viscosity of solution at different temperatures (10–50 

oC). The sample solution was held for 30 minutes in a 
water bath at each temperature. 

The relative and specific viscosities of collagen 
solution were calculated as follows: 

 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑅𝑅𝑅𝑅𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑅𝑅𝑅𝑅𝑣𝑣 (𝜂𝜂𝑟𝑟) =
𝑅𝑅
𝑅𝑅0

 (1) 

 𝑆𝑆𝑆𝑆𝑅𝑅𝑣𝑣𝑅𝑅𝑆𝑆𝑅𝑅𝑣𝑣 𝑅𝑅𝑅𝑅𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑅𝑅𝑅𝑅𝑣𝑣 �𝜂𝜂𝑠𝑠𝑠𝑠� =
𝑅𝑅 − 𝑅𝑅0
𝑅𝑅0

= 𝜂𝜂𝑟𝑟 − 1 (2) 

where t0 is flow time of pure 0.1 M acetic acid, and t is 
flow time of collagen solution. Td was determined as the 
temperature at which the change in viscosity was half 
completed. Each point was carried out three times. 

RESULTS AND DISCUSSION 

Electrophoretic Characterization 
The protein patterns of ASC, PSC from lumpfish 

skin and PPSC from pig skin, under reducing and non-
reducing conditions, were observed in Fig. 1. It is 
apparent that the major components of all collagens 
consisted of two different α-chains (α1, α2) and one β 
chain. The α1 and α2 chains with molecular weight 
between 100 and 135 kDa, were found at a ratio of 
approximately 2:1, suggesting the existence of 
[α1(I)]2α2(I) or α1α2α3 in collagen triple helix 
(Nalinanon et al. 2011). This result indicated that ASC, 
PSC extracted from lumpfish skin and PPSC extracted 
from pig skin were Type I collagen. The electrophoretic 
patterns of lumpfish skin ASC and PSC were in 
agreement with the collagens of grass carp (Chen et al. 
2015), marine eel fish (Veeruraj et al. 2013), sheephead 
seabream, black drum (Ogawa et al. 2004). In above 
protein patterns, β-chain (dimer) and γ-chain (trimer) 
were also observed in ASC, PSC and PPSC, 
representing the presence of higher intra- and 
intermolecular cross-links of isolated collagens with 
large molecular weight using the acid and pepsin 
methods. It cannot be stated whether α3-chain exists in 
the ASC, PSC or PPSC, because α3-chain and α1-chain 
were able to migrate to the same mobility, and it cannot 
be separated from α1-chain under the electrophoretic 
conditions employed. It was reported that the 
heterotrimer (α1α2α3) was found as a major component 
in ASC from the scale of sheep head and black drum 
(Ogawa et al., 2004). In addition, no differences in the 
protein patterns of ASC, PSC and PPSC analyzed in the 
presence and absence of β-ME were observed, which 
suggesting that no disulphide bonds were present in the 
ASC, PSC from skin of lumpfish and PPSC from skin 
of pig (Veeruraj et al. 2015). 
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Fourier Transform Infrared (FTIR) Spectra 
The FTIR spectra in the range of 4000–650 cm-1 of 

ASC, PSC and PPSC were shown in Fig. 2 and Table 
1. The major peaks identified in the three FTIR spectra 
have amide A, B, as well as Amide I, II and III. But the 
spectra of ASC, PSC from lumpfish skin were slightly 

different with that from land-based animals (such as 
pig) and some other fish skins, such as Nile perch 
(Muyonga et al. 2004), seabass (Sinthusamran et al. 
2013) and arabesque greenling (Nalinanon et al. 2010), 
which indicating slight differences in the secondary 
structure of collagens extracted from different fish 
skins.  

 
Fig. 1. Protein patterns of ASC, PSC from lumpfish skin and PPSC from pig skin. Lane 1 represents the protein 
molecular weight marker; Lane 2, 3 represent PPSC in the presence and absence of β-ME; Lane 4, 5 represent PSC 
in the presence and absence of β-ME; Lane 6, 7 represent ASC in the presence and absence of β-ME 

 
Fig. 2. FTIR spectra of ASC, PSC from lumpfish skin and PPSC from pig skin 

Table 1. FTIR spectra peak positions and assignments for ASC, PSC from the skin of lumpfish and PPSC from 
the pig skin 

Region 
Peak wavenumber (cm-1) 

Assignment 
ASC  PSC  PPSC 

Amide A 
Amide B 

— 
Amide I 
Amide II 

— 
Amide III 

— 

3304  3295  3315 
3082  3064  3073 
2928  2919  2946 
1650  1649  1641 
1552  1552  1552 
1445  1454  1445 
1243  1243  1244 
1078  1078  1078 

NH stretch coupled with hydrogen bond 
CH2 asymmetrical stretch 
CH2 asymmetrical stretch 

C=O stretch/hydrogen bond coupled with COO- 
NH bend coupled with CN stretch 

CH2 bend 
NH bend 

C-O stretch 
– No common name for the spectral region 
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The absorption peaks of amide A occurs in the range 
of 3400 ~ 3440 cm-1, generally coupled with N-H 
stretching vibration (Jeong et al. 2013). The amide A 
band of ASC, PSC and PPSC were found at 3304, 3295 
and 3315 cm-1, respectively. When the N-H group is 
involved in hydrogen bond, the absorption peak will 
shift to lower frequency, suggesting more N-H group 
in PSC was involved in hydrogen bond, compared with 
ASC and PPSC. Amide B peaks of ASC, PSC and PPSC 
were observed at 3082, 3064 and 3073 cm-1, assigned to 
the asymmetrical stretch of CH2. 

The characteristic absorption peak of ASC, PSC and 
PPSC were identified at 1650, 1649 and 1641cm-1, 
representing C=O stretching vibration or hydrogen 
bond coupled with COO—. It was in accordance with 
that the wave number of characteristic absorption peak 
in Amide I bond is usually in the range of 1600 ~ 
1700cm-1. While amide I band of collagen from scales of 
grass carp was reported to be 1658 cm-1 (Li et al. 2008), 
which might be associated with the degree of order of 
collagen molecules and lower inter-molecular cross-
links in the skin collagen of lumpfish.  

Amide II of all collagen samples were obtained at 
1552cm-1, takes responsibility for the N–H bending 
vibration and the C–N stretching vibration of collagen 
amide groups. Generally, the shift to the lower wave 
number showed the existence of hydrogen bonds in 
each collagen (Ahmad and Benjakul 2010). Amide III 
bands were found at similar wave number for ASC, 
PSC and PPSC at 1243, 1243, 1244 cm-1, respectively. It 
was attributed to N–H bending vibration of amide III. 
Furthermore, the absorption ratio between amide III 

and 1454 cm-1 band was approximately equal to 1.00 for 
all collagens. This result indicated the presence of triple 
helical structure of ASC, PSC and PPSC (Sinthusamran 
et al. 2013). The fact that the FTIR spectra of ASC, PSC 
from lumpfish skin and PPSC from pig skin were 
similar to that of other type I collagens, confirmed that 
the extracted collagens were typical type I collagen. 

Ultraviolet Spectra 
The UV absorption spectrums of ASC, PSC and 

PPSC at the wavelength ranges 200–400 nm were 
showed in Fig. 3. Most proteins have a maximum 
ultraviolet absorption in the ultraviolet region at 280 
nm. However, the absorptions of ASC, PSC and PPSC 
at 280 nm were very weak, indicating that the amount 
of aromatic amino acid is less than other proteins in the 
three collagens. Both ASC and PSC isolated from the 
skin of lumpfish showed maximum absorption at 232 
nm which is similar to some collagens from channel 
catfish skin (232 nm) (Liu et al. 2007), largefin 
longbarbel catfish (233 nm) (Zhang et al. 2009) and 
slight lower than pig skin collagen (236 nm). This result 
suggested that the groups of C=O, —COOH and 
CONH2 were accessible in polypeptides chains of 
collagen. 

Zeta Potentials 
Zeta potentials of ASC, PSC from the skin of 

lumpfish and PPSC from the skin of pig at different pH 
were displayed in Fig. 4. At pH 2–8, the surface charge 
of all collagens continuously decreased as the pH 
increased. For ASC, PSC and PPSC, zero surface net 
charge was observed at pH 5.33, 4.71 and 5.12, 
respectively. When the positive charges on a protein are 

 
Fig. 3. Ultraviolet spectra of ASC, PSC from the skin of lumpfish and PPSC from pig skin 
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equal to the negative charges, the net charge of the 
protein is zero, and the pH in this time is defined as the 
isoelectric point (pI) (Bonner 2007, Vojdani 1996). 
Therefore, the pIs of ASC, PSC from lumpfish skin and 
PPSC from pig skin were estimated to be 5.33, 4.71 and 
5.12. In our study, the pIs of PSC and PPSC were lower 
than that of ASC, this might be attributed to pepsin 
cleaved the telopeptide region, resulting to difference in 
amino acid composition in α-chains (Matmaroh et al. 
2011).When pH value were below and above the pIs, 
ASC, PSC and PPSC had a net positive or a negative 
charge, respectively. Zeta potential results suggested 
that collagens from different fishes showed different 
pIs, such as the pIs of ASC and PSC from striped catfish 
were 4.72 and 5.43 (Singh et al. 2011), the pI of ornate 
threadfin bream skin collagen was 6.40 (Nalinanon et 
al. 2011), the pIs of ASC and PSC from grass carp were 
6.67 and 6.82 (Chen et al. 2015). Amino acid 
composition of collagens from different sources are 
similar, however, due to the difference in acidic and 
basic amino acids residues and in degree of protonation 
or deprotonation, the net surface charge at different pHs 
are different (Benjakul et al. 2010). 

Thermal Stability 
The thermal denaturation temperature (Td) curves 

of ASC, PSC from lumpfish skin and PPSC from pig 
skin were shown in Fig. 5. According to the thermal 
denaturation curve, it was calculated that the Td of ASC, 
PSC and PPSC were about 17.9oC, 17.5oC, 37.9oC, 
respectively. The Td of ASC, PSC from the skin of 
lumpfish were significantly lower than that of pig skin 
collagen (PPSC). It is well known that the thermal 

denaturation temperature (Td) was possibly correlated 
with the number of hydroxyproline and proline of 
collagen (Ikoma et al. 2003). Td, as well the thermal 
stability of collagen decreased with the number of 
hydroxyproline and proline decreased. Besides, this 
value was much lower than those from temperate and 
tropical fish species reported as follows: eagle ray 
(34.1oC), red stingray (33.2oC) and yantai stingray 
(32.2oC) (Bae et al. 2008); Amur sturgeon (32.52oC) 
(Wang et al. 2014); Japanese sea-bass (26.5oC), chub 
mackerel (25.6oC) and bullhead shark (25.0oC) (Nagai 
and Suzuki 2000); ocellate puffer fish (28.0oC) (Nagai 
et al. 2002). However, the Td of ASC and PSC from 
lumpfish skin were similar to those of cod skin collagen 
(15 oC) (Rigby 1968) and Alaska pollack skin collagen 
(16.8 oC) (Kimura and Ohno 1987). These results 
further proved that the thermal stability of collagen was 
correlated with the environmental and body 
temperatures of fishes (Zhang et al. 2007). 

 
Fig. 4. Zeta potential of ASC, PSC from the skin of lumpfish and PPSC from the skin of pig at different pH 
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CONCLUSIONS 
This Species Profile on Lumpfish summarized the 

taxonomy, morphology, distribution, life history, 
fishery descriptions, ecological role, and environmental 
requirements of these coastal pelagic fish to assist 
environmental impact assessment. Acid-soluble 
collagen (ASC) and pepsin-soluble collagen (PSC) were 
successfully isolated from the skin of lumpfish. SDS-
PAGE and FTIR revealed that ASC, PSC were 
characterized as type I collagen with triple helical 
structures, consisting of α-chains (α1, α2) and β chain. 
Moreover, ASC and PSC showed maximum UV 
absorption at 232 nm. Due to the cleavage of 
telopeptides in PSC by pepsin, ASC and PSC have 
slight differences in physicochemical properties. It was 

found that the thermostability and the isoelectric point 
(pI) of ASC were a little higher than those of PSC. Due 
to lumpfish was deep-sea fish, its physicochemical 
properties are different from that of temperate and 
tropical fish species, especially the thermal denaturation 
temperature (Td). Rich in collagen and without 
pollution, lumpfish could serve as an alternative source 
of collagen. 
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