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AR, 2018 AETTAIR K FRFE ) N 12 710, J2
2017 4R 1 2% 2, TEEAR AR R 90%
DL BE Bk A el A 25 ) = BRI . 7E
BRI, o 3 S ey i e b N ] 5 0
FEAEANTE R, BT LA AR 0 T 2 7 A R R Y
£ {7 AE T ORE & R T B B A KR 2 A AR
Y, AT ERACH A, B, A
Wi 5% & FH 3% B G 20 2R 7 fili (Tetrodontiformes fasci-
atus) HATHEGE, M HEME P EEEE . HEHEM
1B 1 A9 I it 2 1 R A7 ) 45 N SRAE, SRS BUAR T
finfi £ Bz fise i A 11 ) AUF o A AR PR At

R E S RS RES

L1 SEREMR

BB W S0 AR il £0 B H YL AR A R
BRRA TR, WECRSHZ MK %E, 7£-20°C
TREULSH; B EAR G5 =1200Ulyg), E
PR AG FRA H TR 8 A G5 1
2 000 000 U/g). AR 1 (36 ¥ 500 000 U/g),
T ZHER IR G AN LRIl RAn i
X . AR . E45 T. NaOH %%
WA YN B = pr g, B 254 A A 2R A R
v SEE KRR BT K

12 SRR

AUW320 L 743 K, H A B EAF
HI850R 5 X sl R AR 0L, gy B B Rl 24
IXEEA BN 7 L-8800 H <7 2 582 A 3h 4 Hr Y,
HA H 3723 ; FD-A10N-50 B 25 % 76 T4 4L,
AR PR (L) AR A T6 Bt 4t 55 4h
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B — 5 5 1 W5 SUZR J il fa J KRR
FE T KR B2, 89 A% 0.5 cmx0.5 cm #
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1K), BREEREEAMAZR, Kppkzdh
P, oW tiE, DUBNEEH (130, M/v)ImA
10% 1F T BERE FEIR 0 24 h(QE T B I A 6 h 31
1K), BREBRW, Kbk, oW TE
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A F Y 0.5 mol/LL R M HE B, L4 I 3 Ik,
BA DWW, B ELWE R 0.9 mol/L )5 # &
IR, WA R A UIE . W REIRAE 10 000
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FETTTE SE 278 T°0.5 mol/L I SRR VAW, 1F 0.1
mol/L ) ZFRIEW (1 : 50, V/V) W& Hr 24 h, Bl
JGZEFKRPBEN . YBP AR AgBT,
BN, T, A WNERIESE 4°C &M T
AT o
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T IEMEAE B v, TAL B B I 20 2R i £
RUHLFE AT 1 g/100 mL i A9 0.5 mol/L 2 iR ¥ i
(1:20, M/V)yrh 48 h IR &, M2 )2
At 38, K AR PEENE W R F =S H
1 g/100 mL fi (1) 0.5 mol/L ZRVE W P HEHL, ik
WIRA, A ELE N 0.9 mol/L J5 # & 1 7,
WA Y B R U0 YE , E 10 000 r/min, 4 °C
B2 F T B0 20 min, WD ; W AITIRE 5E
VT 0.5 mol/L B L FRIEW , 7E 0.1 mol/L ) £
FRIAW (1250, V/vyHiElT 24 h, MiETELET
IKHBENT . MBHIRPALETE A, 15 1RB AT,
Ht, A NERETE 4 °C & Nk T, Hrp
WM Gy 5k R AR, SRR E AR, K
JNEE B, 430 %0 R 3 P BE T

L5 REEZEBRMEMNNETSE

B R BAT A 209 254 FREL 100.0 mg
L2 &R, FH/0H 0.01 mol/L $h R v W V4 i
FEAE 100 mL, WEH R W 5.00 mL € & £
500 mL, 75 %] 10 ng/mL ¥ fifi & B2 br 1 TAE W o
P43 B W IR PR E TAEM 0. 5. 10, 15, 20,
25, 30 mL, A ZE 100 mL., J5 45 # B 4.00 mL
THRIERE D, MA2mL &M T, FiEEMk30
min, JIAXS B SR PR ], RS,
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FEFE 60 °C 7K I A IR 20 min, Y {658 U5 BT
VKK H 1 min, BUH A EIRABCE 5 min, 7E 560 nm
AT 5 WO EEN

bR S, R R

y =0.196 3x — 0.020 4
A, R=0.9802, y N 560 nm 4t 5E WO EE
B, x RN & &

IR R B BRI PRI A1 2 5 TR
10 mg 7247 THIEEE T, MA 10 mL W EL R
fift S5 A 130 °C LA, KA 3 ho HUH R A
FER, WEPE, B E 100 mL 552
ER . KT 1 mL A7k 3 mL 8 TK
2mL @M T FHIEREF, &4k 30 min, A
AR O RSSO E), iR, I 60°C
FOKAE 20 min, P A 52 R KR A | min, JiE
R FEIR Smin J5, 7F 560 nm &b I H 0 56 5
P A o 215 ORI R R . TR SR Ty
fii £ iz J5¢ Ji 2 AR BOR 0 2

IR PR HUE (g) = PRI ZIRIK FE X

FRREAEHL x AR < 11.1

R T2 1 $R LR (%) =

B R T R R (g)

R R SRR A i (g)

x 100%

L6 REZEBEUMRINE

RABRABRNE S SuFED WL,
FEMEAE B o KRR S E TR T, A 6 mol/L
M 2mL, HEA®E, T 130°C Kf# 3 h, K
W 4 F110.1 mol/L ) NaOH A1 ZE pH N 2.2, B
OECEEW)S, F0.02 mol/mL HCl A% S0 mL,
W HIEVR , 2L 0.22 pm JE M5 H & W H 3h oy bt
ASCIN 7 A it B R ik

Ry S b N2 F E B Z:#f Kaewdang %5
W, JERSAES Sl . BUE B R T 0 IR
Fedh, TECZEATR B, BEEBIu Y 4 000~
500 cm™, REHEF N 2cm’',

IR E RS 2 M Jeevithan 55 )
ik, IFmsAEE . 43 BIBGE SR T IRE RS T
0.5 mol/L LR Wh, KLl 0.5 mg/mL Y i 5
B, Lh 0.5 mol/L £ R 1 WA 25 (A % IR
7E 190~400 nm Ab LA 2 nm/s 4 38 B X6 e 582 1A
WHEATHER, RAEHEER 0.5 nm,

SDS-PAGE 4 #7 BRI T £
Bk, CE T R A 10 mg/mL fY B
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EHEMW, 16 60 °C (K H P HF 20 min, 2
L, WO B3, R a1, v 5 Bk
MR A, WKW 3 min, 5 1 Marker — i
LFE, fE 120V ITER FHEITHRIK, SRS
HL gk B F e 8 W (0.25% % I i 5% W +10% 2
R +40% B ) rR e (0, 1.5 h, BEJS 7 5 2 i (0 1)
(75% L T8+50% ) s 74 .

AREHEIR R T IR
R b, s miaa s, AEiE 7 5
% WL 2% i S B T IO B 25 4, 2O ) il R A%
BT B R R T A RHE

1.7 BUES

5256 45 I i F Microsoft Excel 2010 F1 SPSS
20.0 BT R A B, AR BRI R O 22 3 A i 2
fi I, >R H Duncan [& £ & LWL #H AT 5087, &
53K, GeitHE g meantSD, WEMIKFEH P=0.05.

2 4

21 REZBMREEER

AN TR 7 95 B U DR R, X I S0 AR 5
R HEATTIAL B, AbBE T e fi jz (4 Tk B v
i, Horp 2k BR AR S EORUIS 107 04 07 3 A AL B
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Fig. 1 Results of extraction of collagens from
T. fasciatus skin by different extraction methods

Values with different small letter superscripts mean significant differ-
ences (P<0.05); 1. ficin extraction; 2. papain extraction; 3. pepsin

extraction; 4. hot water extraction; 5. acid extraction
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iR A I SRR il A B 4R R B
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HH AN [ FOAS () Ak B 7 95 BT R B, ok ik
Ak PRAS 2 (Y i 5 AR RSO A, R I 5
U IE T 2 ORI T 1 MARBE s R AL B Y
B B AR T il Ak B (R O Jie Dt 1A i KR 1Y 22
WAl AR R AR 26 AF T A9 i L AR 22 i g Ak
H, R T dmIKAS R, R TR AR A R
AR BT AR, B DA T A B AT LA i
HE B RPCR BRI, ORI A BRI
et sz, FTRRCR SR T HEARE.

PR kAR B I R LB, A A
MY, 2 REAMEUR; ML ER 6
PRI, SHEENMIR . MZR B AR B I
JRE R, feBCRe, RS, L RoE
B, IR, @FEKE, AT PR AT W B AT

30 €0 8 O U R o
22 REZEEMNESEEAR

B8 LR A B A e T 9 I D 1 45 A Y
BTk o 5 AL BT ik 4R B I U 4 BT R
SR 1 R R A U R AR A, B H 2R
i R R Bl R R, b AR
Pydmws (1), X2 N8R A 2 IEE P AR K
G X B 512 R Gly-X-Y 02 R e 51 o 42 1 Al o
P B I 26 1 b R AR R, R =R g
fie 2 U HEE (] SCSEE AO T B, <o E 06 A4 5 I D 2
F BRI, 5 B R R AR
PRGN S5 A A2l R TR ) T A A L
5 I 28 R 5 PR I 28 TR

5 Bh 7 vk Ak AT B A I6E SR 7 fili i B i I AR
F A 2 PR AL I 7 v JEE ) — Bk (R 1), B

®1 TRAESERNBAFRFHeERREANSERSESEMN

Tab.1 Amino acid composition of collagens from T. fasciatus skin by different extraction methods

AR ER F B 2 I

papain extraction

B R A BRI

pepsin extraction

AR E A BRI

ficin extraction

IR [iEePR il RIS
amino acid acid extraction hot water extraction
REER Asp 62.21+0.03° 61.87+0.34°
H&®& Gly 222.70+0.35° 221.96+1.13¢
HHER Glu 99.11+0.22° 96.09+0.06"
WER Ala 131.16+0.19° 131.32+0.89°
AR Lys 36.65+0.01° 35.90+0.27°
R Leu 26.71+0.04° 26.37+0.75°
HEER  Thr 26.29+0.03" 25.23+0.51°
R Val 22.23+0.30° 21.44+0.39°
KNAMR Phe 23.3440.44" 23.57+0.51°
SrER e 9.68+0.19" 9.214+0.28°
FREEE Met 12.72+0.67% 20.17+0.16°
BRI Trp - R
LA Cys 0 0
BB  Tyr 8.47+0.26® 9.38+0.70°
R Arg 79.49+0.22° 77.64+0.51°¢
25/ Ser 42.51+0.20° 42.45+0.04°
HEER His 9.32+0.07° 8.70+0.10®
fHERR  pro 116.94+0.12° 117.89+1.19°

RIMEAR Hyp 70.48+0.39" 70.85+0.34°

58.27+0.19° 60.95+1.49° 64.63£1.18°

204.35+0.19" 221.66+5.21° 172.18+2.69°

89.73+0.10° 112.51+23.35° 94.22+1.35°
173.91+2.06" 132+2.91° 181.19+2.58°
31.27+0.06 35.99+0.89° 50.49+1.40°
23.98+0.03" 25.16+0.66™ 32.59+1.43°
25.97+0.02° 25.42+0.76 30.53+1.56°
21.49+0.18° 22.50+0.79° 25.34+1.27°
20.82+0.24° 22.54+0.37° 24.62+0.10°
10.33+0.02* 9.51+£0.41° 12.2242.11°
14.38+0.69° 11.00+0.64 10.21£1.90°
0 0 0

8.54+0.01° 7.53+0.44° 26.91+1.08°
69.75+0.23° 78.23£1.53¢ 67.11£1.10°
42.38+0.04° 41.27+0.91* 45.69+0.13°
9.21£0.09" 8.36+0.24° 11.29+0.70°
96.39+0.96° 113.88+4.39° 81.01+0.82°
99.24+1.40° 71.49£1.70° 69.77+2.62°

T RPHIRFORAIEIRIRFEH S 1 000 M AR IRBIELAI LS FIAT R AR NG T REROR 22 53 T 3 (P<0.05); (VA BRAEIR/K AR R AR, «-

PRORBE CERRAUE: R SRR, O RR A S RALT A IR

Notes: in the table, expressed as residues per 1 000 total amino acid residues; in the same row, values with different small letter superscripts mean
significant differences (P<0.05), Trp is destroyed by acid hydrolysis, "-" means no Trp value; low content of Cys, "0" means below detection limit
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A A 3 7 12 0 e D A 1 R TR A 1T T I
Wil o EL AN ] F) Ak 38 D7 325 o8 JC DIt 2 1 405 ) 1) 5 Wil
i N I 2 B LIRSS 0 - & e e R
Iy BILTR WK, EX LR & R AL,
HobH & W o 22.20%, TR . 2R R R
HHH AW (30%) 1 & i, % TR 8 A Sk 6
(Lagocephalus inermis)*(33.4%), 5 B & X JE il
(Ictalurus punctatus)'™ FHAL o 1 il fiff 2 (50 il 975 14
JE I £ 1 2 s O, D7D DR Dt O % 1) 6 S 52
Wes, 3 BOL I 2R 1Y & & AR T A i e 2R
Fl o FRFIFA K Bk A B 45 2R 1 8 v T I i Ak 2
A T Ak B A 3 A A R R R B O R TR
R (195.6/1 000 DEESE), [R5 Bk 217
A% B 1Y s 20 7R T il £ {5 U 1 Ok 2 Cys
M Trp, Met. Tyr. His fil lle & #HRAK,

23 RIEZEBWLAIN

AN TR Ak B T5 i P A5 9 165 S0 A 7 g a1 Bz Ji
HH LN GG RYT, 5 Ak 35 12 TS

BEi% A B B
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r— " r— "
3

| 298 l |2931|
|

132891 1,051
! 2939

EHMGEMAL, BEAEEME (B2, %£2),
VLAWK A AP — B 22 5 . T A IR AR
PR AR LTS R RAE D0, B Amide
A, B, T . AT, 5R:W)65 (Lates cal-
carifer)? | Jiti (G5 (Acipenser schrenckii)®" B W5
SR

Amide A J*AERYIISIETE 3 400~3 440 cm ', J2
o N-H 2 A 4 8% 2 77 2 o 24 N-H 5 A1 Y Ik B
S H5EHMNIL R, N-H A 45 5 28 i 4h &
PR, 2 (I S G PR AR 100 em ™! 2247, 5 FhRE
mi7E 3300 em ' FRFIT A R I (R 2, &12), LA
5 AR R AR ¥ A BEAEAE . Amide B AR AE UG
B CH, Z5 ¥ AT B IR . CH, & = R Z5 I i HRAE
FeW, ULWIAE B0 R R SRS A

Amide I . Amide Il 1 Amide Il 77 5 i )5 2
PR = JRE I E 45 48 X A 0GBt i AR 1 BT IR
SR R ) TR . B A T N AE
KEWKE, C=0 W44z <F Amide 1 1)

Wi 1 e 11
Amide I  Amide II
1T e 1

8 12l Amide Il
A2 roa

EE=LERE
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) I |

=y I

ié% 32881 193 |
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|
l
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papain extraction
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ToAE R R
. N 1 L ficin extraction
3000 2500 2 000 1500 1 000 650
P em™
wavenumber

2 AEILEBAERNBEIAFRGHERRREBLIIEE
Fig.2 FTIR spectra of collagens from T. fasciatus skin by different extraction methods
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Tab.2 FTIR spectra peak locations and their assignments of collagens from T. fasciatus skin by different extraction methods

WH/em™  peak wavenumber

NI Ava n D 1
reions magn O ey TERE onmemsnn sgmmen
acid extraction extraction pepsin extraction ficin extraction papain extraction
FEI%A  Amide A 3288 3289 3298 3292 3300 N—H 5 S 2 Al
Fif%B  Amide B 2932 2939 2931 2935 2930 CH AN FRAH 4R AR S)
Wi T Amide T 1637 1632 1636 1635 1650 C=0fh4iR3)
BEfZ 11 Amide 11 1544 1543 1 546 1 544 1547 N—Hif 45 & C—N 48R 30
1451 1452 1452 1452 1452 CH, 5 i #R3)
1401 1395 1401 1 400 1402 COO—Xf FAh 4R 2N
MERE T Amide 111 1236 1238 1238 1238 1238 ;}?f;%ﬁiﬂf@m%
1079 1079 1079 1079 1079 C—Of 4R
1032 1032 1030 1025

FRAE W s 457 T 1 700~1 600 cm ™' 4b%; Amide 11
R W AT I 388 85 32 T 1 600~1 500 em'™; Amide I
A9 1% AT 068 3 B 2 T 1 300~1 200 cm ™', Amide T4
(A A7 78 0] LLIE B S T 2 A — BB &5 4 2 15 R
Goge T DIE I, 5 R BT B4R B B e T
EEYRE TN =2 he S, B BEA
1 IR B B P b B AT ) = R 2 R . TG AE R
B B Ak HAS B A IR R Y Amide [ . Amide
1T F1 Amide MNEACI KT HoA 4 Fpab3 L (GR 2),
B LAy R B T LA 4 R AL BE T AR B
e JE B s BROKE AT B 09 B R R 1 Amide |
(1632 cm™) PHUR/N, VB EE 170 T FURE 3 B 1K

24 REZEBMEINTHT

A 0, —COOH ., —CONH, Fll—C=0 f£7E
TR A, A ARR SN, 5650
M SO 3 52 B b 2 8 1 B0 1 4% b 5 A A (0 Ak
VIR 25 2R, 2 W e D 2R R — A
L N i) - S L R S S TRy A UR Y )
PR IR, A4S R R S MR £ 235 nm
BT

5 A 37 1545 B AY LA X 7 235 nm
BiF I AT D S A W, S T ORI R 5
AN, PRI 0E T 230 nm 2 A (4 3), EELE
i KB —C=0 I n—>n*BRIT T sTik , X2 e 2R
P = MR RE &5 R 1 A A R WA, 5 B A Sk AT
KWhfi (Leiocassis longirostris)” . AN A. sinensis)!®
FIE (Cyprinus carpio)™ F¢ J5 25 1 B9 ifF 95 45 S —
o TR E A A A D IR RN
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Z R, W] LATE 280 nm 7 KA S ANER GR 1),
U AR A BRAS 3 A4 £ 8 5 S 2R 7 280 nm
PARAAT U i, 53 1 ORI g
Ak BRF S AR AR — B, BEE R (15.53 mglg)
i R T AL 4 R AL FO VA . HA 4 Rk
JrEBR T 230 nm BFT A e Wil Sb I I S
W, o n] Ul BRI R SR B Ak e D, 4l
FERGE, B3 Bon, AREAR . B HEARN
JCAE R B A BEAT B 5 5 IR AR OL R R
FIERIK I A BE A ey, U0 1O Ak P E 92 v e i R
FIRY SR SRy, EL TG B AT IR v B AT
LU TN E R RINELT (a8

2.5 BRIEZE AR SDS-PAGE & #f

5 SR 7 il # jz J¢ I A 1 Y SDS-PAGE 4
R, ATLLER K BEER 2 4% o (K 4), W]
LAA 25 4] Ui i S0 AR i £ Bz g DR AR 1 s T i T
T AR P, B al, 2 MIBEE, 5
PR A Sk Bl 2T 6 AR 7 fli(T. rubripes)”” B 45 R
— 3

28 1L AN TR Ak B 7 245 B 0 R L T
YA ARTR, ORI AN B fa R, A TR R R Y
SAETN BB R A P B e] e AR A S
XF 8 A B R AR, T T R SR
T FUA R AL BE AR HE A B A B/ 43 T
JE S AR P 5 TR 32 A BRI T AR G AL B AS B A S
SUIR i e DR A LA TE BBE, P EESE o IR
M RAR, Fom 1 BRI (A 0 245 0 - A7 5 58
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pepsin extraction
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~
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———— MRVFHRHEL  acid extraction
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B E BRI pepsin extraction

——— TEREEBFHEI  ficin extraction
KRINEE FFEHEHL  papain extraction

HoKZHRI

hot water extraction

0 i I
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Extraction and characteristics of collagens from the skin of puffer fish
(Tetrodontiformes fasciatus)

ZHOU Rui *, LIRuonan ?, ZHOU Lisha '*, QIU Tingting ?,
WANG Jingyu ',  TAN Xiao '?, CHEN Shunsheng "**
(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China;

2. Shanghai Engineering Research Center of Aquatic-product Processing &Preservation,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to enhance the added value of Tetrodontiformes fasciatus and investigate the effects of differ-
ent preparations on the extracted collagen from skin of 7. fasciatus, collagens extracted from the skin of 7. fasci-
atus by acid, hot water, pepsin, papain, and ficin were used to evaluate chemical and structural properties, respect-
ively. In this study, characterization of collagen from 7. fasciatus skin in term of the extraction yield, amino acid
composition, Fourier transform infrared (FTIR) spectroscopy, ultraviolet spectroscopy(UV), scanning electron
microscopy(SEM) and sodium dodecyl sulfate-polyacrylamide gel electropheresi (SDS-PAGE) was studied. Res-
ults showed that the extraction yield of collagen obtained by pepsin was the highest, the amino acid compositions
were similar and the contents were different; the content of proline in collagen extracted by 3 enzymes is signific-
antly lower than that of collagen extracted by acid and hot water. FTIR showed collagen obtained by the five
extraction methods had Amide A, Amide B, Amide I, Amide II and III, and confirmed the triple helical structure of
the collagens. UV showed a strong absorption peak around 235 nm, indicating a typical collagen when combined
with FTIR. SDS -PAGE analysis confirmed that collagen in skin of 7. fasciatus was type I collagen, and prepara-
tions by acid and pepsin retained B, ol and a2 chains of collagen, while papain disassociate collagen and obtained
protein with low molecular mass; SEM showed that extracted collagen by acid was most suitable for biomedical
materials. Therefore, different extraction methods resulted in different chemical and structural properties of fish
skin collagens. The molecular weight distribution of collagen extracted by different enzymes had obvious differ-

ences. According to research needs, different preparations can be selected to develop collagen products.
Key words: Tetrodontiformes fasciatus; skin; collagen; extraction; physicochemical properties
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