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&fi(Navodon septentrionalis)
*
( 316022)
filfi (Navodon septentrionalis)
(ASC) (PSC), ASC  PSC (FTIR)
, : fif
(ASC) (PSC) 0.87%+0.15%  9.52%+0.41% ( ) ASC
PSC (Gly), 3233 /1000 321.7 /1000
; 191.1/1000 183.4/1000
SDS-PAGE  FTIR fif (ASC) 1 , SDS-PAGE
(al- a2- ) , PSC ASC PSC
(Ty) 21.5°C  18.97C, ASC  PSC
pH2—3 | NaCl 2% )
, , fifi ASC  PSC
fi; ; (ASC); (PSC)
R285 doi: 10.11693/hyhz20160600129
et al, 2015) )
> 30%(Chen
et al, 2016) , 29 ( (FAO) ,
[—XXIX), 1.5 ,
(Matmaroh et al, 2011) , 30% , s
) (Yu et al,
(Yang et al, 2016), 2014; Wu et al, 2015) ,
(Li et al, 2013a; Liu et s
al, 2015) , (BSE) (FMD) (Subhan et al, 2015), ( , 2015)
(Yu et al, 2014) (Cui et al,
( , 2015; Chuaychan et al, 2015) , 2007) (Wu et al, 2015)
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2009) , 24h  36h,
) , (ASC)
ASC 115 (W)
, 0.5mol/L , 3% 4°C
(Li et al, 2013b) , 48h, 20000g 30min ,
, 3500Da :
NaCl 2.6mol/L  Tris-HCI (0.05mol/L,
filfi(Navodon septentrionalis) fil; pH 7.5) 24h,  20000g 15min ,
> ) 0.5mol/L
, 0.1mol/L 24h  36h,
fii 20 , 10 (PSC)
) ) , ASC PSC
: il (%)= (2)/
, (ASC) (g)x100
(PSC), , 1.2.2
finf AOAC(2003)
950.46B 920.153 960.39(a) 928.08
1 (2015)
1.1 1.2.3 SDS-PAGE ASC PSC Chi
fifi(Navodon septentrionalis) (2014) 7.5%,
, 4% (6.0mg/mL, 20uL)
, -20°C (60mmol/L Tris-HCI, pH 8.0, 25% , 2% SDS,
0.1% Y 411V B- ,
- (SDS-PAGE) CSC , 100V
Bio-Rad , (Trypsin, 1:250) 4h R-250
(Pepsin, 160000U/g) (CSC) ( 0.5¢g, 225mL, 225mL,
Sigma , 50mL) 15min, ( 100mL,
100mL, 800mL)
1.2 1.24 ASC PSC
1.2.1 ASC PSC fiili 0.5mol/L 3.5mg/mL ,
, , / 1:220(W1W) 37°C
: 1:15(W/) 0.1mol/L 3h, SDS-PAGE
NaOH 4°C 24h(  6h ),  Smin
9000g 20min, ; 3min 12.0%
, 1:20(V/V) 15% 1.2.5 (FTIR)
48h(  12h ) , 1—2mg 1:100
KBr , ,
1:15(W/V) 0.5mol/L 450—4000cm
24h, 9000g 20min,
3500Da ,  NaCl 1.2.6 (2015)
2.6mol/L  Tris-HCI (0.05mol/L, pH7.5) ASC  PSC (0.6%) 4°C
24h, 20000g 15min, /min 4°C 40°C
(0.5mol/L) (0.1mol/L) 4°C Ty
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50% 2.2
=( - M - fi ASC  PSC
) 1
1.2.7 62.12%+2.93% 19.83%=*0.76%  3.08%=*
1.2.7.1 pH ASC PSC 0.11% 14.32%+0.24% ,
(3mg/mL, 8mL) 50mL , ,ASC PSC
6mol/L. NaOH/HCI pH 1—11 97.93%+0.54%  97.97%=+0.38%,
pH NaOH/HCI1 10mL, (ASC: 0.47%+0.12%, PSC: 0.51%=0.09%),
4°C 30min R 4°C 15000g (ASC: 1.29%+0.11%, PSC: 1.42%+0.37%)
60min , (ASC: 0.18%+0.04%, PSC: 0.16%+0.01%)
#1 REDWEEEERE.ASCHIPSCHEFH S 57 H(n=3)
= pH / Tab.1 Composition of bluefin leatherjacket skin, ASC and
pH PSC (n=3)
1272 (%) ASC(%) PSC(%)
ASC PSC (6mol/L. SmL) Sl 62.12+2.93 0.18 + 0.04 0.16 + 0.01
14.32 +£0.24 1.29+0.11 1.42+£0.37
0.5mol/L ’ 3.08£0.11 0.47 £0.12 0.51 £0.09
NaCl,  NaCl 0%, 1%, 2%, 3%, 19.83+ 0.76 97.93 = 0.54 97.97 £ 0.38
4%,5% 6% 4°C
30min, 4°C 15000g 60min, 2.3
: fif ASC PSC
= NaCl / 2 PSC
NaCl , Gly, 323.3
1.2.8 ASC PSC /1000 321.7 /1000 ; Ala
0.5mol/L S%W/wvy ., 25  Pro Hyp (Chi et al, 2013; Li et al,
24h ,  JEOL JFC-1200  2013a, b), N- 14 C- 10
90s, , Gly
2 (Gly-X-Y) , X Pro,
Y Hyp , fify ASC  PSC
2.1 ASC PSC Gly ASC(353
fif (ASC) /1000 ) PSC(340 /1000  )(Huang et
(PSC) 0.87%+0.15% al, 2011),
9.52%+0.41%( ) ASC(309 /1000 PSC(317 /1000 )
, (Singh et al, 2011)
, , Chi (2013) (Pro  Hyp)
> s Pro
(Lys) Hyp s
) fif ASC PSC
> ( 191.1 /1000 183.4 /1000 ,
) CSC(215 /1000 ), fili
(Liu et al, 2012; Mohammadi ASC PSC

et al, 2016)
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*2 FREDESIEK ASC. PSC #1 CSC MR ERRLH K
K& 2 (F%E/1000 % E)(n=3) .
Tab.2 Amino acids compositions of ASC, PSC and CSC 1 ’ 7.5% ASC  PSC
(residues/1000 residues) (n=3) CSC SDS-PAGE i
ASC PSC csc ASC o (al  a2), , al
Hyp 75.4 72.6 94 130kDa, , 02
Asp 475 463 4 110kDa, ; o« ,ASC  PSC
Th 19.8 21.9 18
s f 33.7 34.6 33 P @ >
° ' ' 200kDa ., B
Glu 70.9 67.8 75
’ .Y (a ),
T0o 115.7 110.8 121
300kDa SDS-PAGE ASC
Gly 3233 321.7 330
CSC( 1) ASC(Wu et al, 2015)
Ala 129.1 131.4 119
ASC(Yu et al, 2014) ASC(Chi et al,
Cys 2.5 2.8 0
2014), ASC(Li et al, 2013a, b)
Val 27.6 23.7 21
N 1 , PSC SDS-PAGE
Met 11.5 12.4 6
ASC CSC ,
Ile 13.9 13.8 11
Leu 242 24.9 23 ’ « by
70-110kDa
Tyr 3.7 3.8 3
pH 25 7.8 ,
Phe 15.8 16.9 3
ASC  PSC , 12%
Hyl 5.4 5.6 7
s 1B : pH
Lys 22.5 26.7 26
. 2.5 37°C 3h ,ASC B v
His 5.9 7.1 5
, 130.0kDa ;
Arg 51.6 55.2 50
PSC 66—100kDa R
Total 1000 1000 1000
o , 66kDa ,
Imino acid 191.1 183.4 215
66.0kDa . pH 2.5
2.4 SDS-PAGE pH 7.8, ASC PSC
A —y (B)
97.4 kDa—
200 kDa — P 66.2 kDa—
130 kDa — By AR
a2
97.4 kDa —
31 kDa—
66.2 kDa —
20.1 kDa—
43 kDa — 14.4 kDa—
Lane 1 2 3 4 Lane 1 2 3 4 5
1 fiif ASC PSC SDS-PAGE (A) (B)
Fig.1 SDS-PAGE pattern (A) and peptide mapping (B) of ASC and PSC from skin of bluefin leatherjacket
CAL L ;2: PSC; 3: ASC; 4: CSC; B. 1: pH2.5 ASC ;28 pH 2.5 PSC
;3 ;4 pH 7.8 ASC ;5 pH 7.8 PSC
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ASC PSC SDS-PAGE :ASC 2.6 ASC PSC
PSC ,
, ASC , ,
2.5 FTIR (Chi et
fii, ~ ASC  PSC  FTIR 2 al, 2014) 3 , ASC  PSC  4°C(ASC:
tASC  PSC  FTIR 7453.33£27.92mPa-s, PSC: 7332.30+4318.13mPa-s)

, (Wu et al, 2015)
(Yu et al, 2014) (Chi et al, 2014),
(Li et al, 2013a, b)

A N-H , 3400cm !
N-H , N-H ,
ASC PSC A 3432c¢m
ASC PSC N-H ASC
PSC B 2925cm™!
2926cm !, C-H I
1I 11
(Heu et al, 2010) I 1600-1700cm "
, C=0
, ASC
PSC I 1640cm™  1642cm™
C-N N-H ,
Il 1550—1600cm ™,
, ASC PSC 1I
1548cm™  1549cm™’,
fif ASC  PSC , 11
(1220—1320cm™")  N-H C-N
ASC  PSC il 1240cm ',
1452cm™ 1 ASC PSC
3 (Heu et al, 2010; Li et al, 2013a, b)

BEIEK (%)

Amide llI

Amide A

4000 3500 3000 2500 2000 1500 1000 500

S (cm™)

2 fiif ASC  PSC (FTIR)

Fig.2 FTIR spectra of ASC and PSC from skin of bluefin
leatherjacket

32°C(ASC: 361.27+11.95mPa-s, PSC: 233.67+
9.28mPa-s), , 32°C

8000
~+ASC -#-PSC

6000
@
a
£ 4000
o
e

2000

0 1 1 1
0 10 20 30 40
BE (°0)

3 fii  ASC  PSC (n=3)

Fig.3 Thermal behaviours of ASC and PSC from skin of bluefin
leatherjacket (n=3)

(Ty) 50%
ASC PSC T4 21.5°C  18.9°C PSC T4
ASC,

, fily 13—20°C
(10.0°C) (15.07C) (16.8°C)
(26.1°C) (29.3°C) (26.5°C)
(29.7°C) (29.7°C) (28.4°C)

(36.5°C)(Li et al, 2013a, b; Sionkowska et al,
2015) Zeng  (2009) ,
5 Td
) fifi ASC  PSC
(37°C)
(Huang et al, 2011), fi
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2.7 ASC s NaCl
2.7.1 NaCl 2%(W/V) PSC ,
4(A) NacCl 0 6%(W/w) NaCl PSC ASC s
fif ASC PSC , PSC ASC,
NacCl 2%(W/Vy , ASC ,
(90% ), NacCl 2%—4%(W/V) 2.7.2 pH pH
, NacCl 4%—6%(W/V) ASC PSC 4(B) ASC PSC
NacCl 6%(W/V) 20.0%=+ pH 1—3 , pH
1.2% NaCl fiT 3—7 , pH 7—8 ASC
PSC , 25.2%+1.9%
(Chi et al, 2013; Li et al, 2013a, 44.4%=+2.0% ) pH
b; Matmaroh et al, 2011; Singh et al, 2011) (pD), ,
) NacCl s , ASC
, NaCl , PSC pH 7 8,
6—9 (Huang et al,
, NaCl , , 2011; Chi et al, 2013; ,2015)
, , 2.8
5 fis ASC
) PSC
100 A ASC  PSC
80 , PSC
ASC PSC
= 60
é )
it
S 40
X
20| —#-ASC -#-PSC ’ .
(Mohammadi et
0 . . L . L L al, 2016)
0 1 2 3 4 5 6
NaCERE (%, W/V)
100 + (B
80
g
1 i
§h or N e | LA ]
X
40| *ASC m-PsC
20 1 1 1 1 1
0 2 4 6 8 10 12
pH
4  NaCl (A) pH(B) ﬁ@ ASC PSC =T X150 500 m Ty
(n=3)

Fig.4 Solubility of ASC and PSC from skin of bluefin
leatherjacket at different pH (A) and NaCl concentrations (B)

(n=3)

5 fiif

ASC(A)
Fig.5 SEM images of ASC (A) and PSC (B) from skin of

PSC(B)

bluefin leatherjacket



5 : fifi(Navodon septentrionalis)

1061

3
fi
R SDS-PAGE
: (ASC)
(PSC) ;
SDS-PAGE  FTIR ASC | .
PSC ASC
:ASC  PSC
i ,
; fif
; fi
> ) , 2015.
(Ommastrephes bartrami)
,46(1): 221—227
s s , 2015. fili (Navodon

septentrionalis)
. , 46(3): 703—709
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characterisation of acid-solubilised collagen from the skin of 879—883

ISOLATION AND CHARACTERIZATION OF COLLAGENS FROM SKIN
OF BLUEFIN LEATHERJACKET (NAVODON SEPTENTRIONALIS)

YU Di, DING Dong-Ge, WANG Bin

(Zhejiang Provincial Engineering Technology Research Center of Marine Biomedical Products, School of Food and Pharmacy, Zhejiang
Ocean University, Zhoushan 316022, China)

Abstract Commercial fish production and seafood processing generate large quantities of by-products, accounting for
about 50% of the original raw material, which create burdensome disposal problems and environmental concerns. However,
these by-products contain several biomass materials, such as chitin, collagen, and polyunsaturated fatty acids, which can be
biotechnologically exploited for the production of useful marketable products. Recently, some researches have focused on
isolation and characterization of collagens from aquatic by-products. In the experiment, acid- (ASC) and pepsin-solubilized
collagen (PSC) were extracted from the skin of bluefin leatherjacket (Navodon septentrionalis) with yields of
0.87%+0.15% and 9.52%=+0.41% on dry weight basis. ASC and PSC had glycine as the major amino acid with the contents
of 323.3 residues/1000 residues and 321.7 residues/1000 residues, and contained imino acid of 191.1 residues/1000
residues and 183.4 residues/1000 residues, respectively. ASC was classified as type I collagen and was differences with
PSC on subunit components, amino acid sequences and collagen conformation on electrophoretic pattern and peptide maps.
FTIR investigations showed the existence of helical arrangements of ASC and PSC. The denaturation temperatures (7;) of
the ASC and PSC were 21.5°C and 18.9°C, which were lower than the T;s of calf and pig skin collagens (37°C) , and the
data further proved that the helices of collagens from the skin of bluefin leatherjacket were less stable than those of
mammalian collagens. The maximum solubility of ASC and PSC was appeared at pH 2—3, and a sharp decrease in
solubility was observed when NaCl concentration was above 2%. In addition, the lyophilized collagens displayed loose and
porous ultrastructures, which might have good properties for distribution of the drugs as carriers. Thus, this study provided
a theoretical basis for collagen modification and utilization, and collagen from the skin of bluefin leatherjacket could serve
as an alternative source of collagen for further application in food and biomedical industries.

Key words bluefin leatherjacket (Navodon septentrionalis);, skin; acid-solubilized collagen (ASC);
pepsin-solubilized collagen (PSC)
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