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Abstract: Deep processing of fish skin waste in aquatic products processing can turn waste into treasure in high-value-added way and
reduce environmental pollution, and the bioactive peptides from fish skin possess antioxidant, antihypertensive and antibacterial effects, etc. The
methods of extraction, separation and identification of hioactive peptides from fish skin waste and their functional activities were discussed in
depth, which may provide theoretical basis for the development of food, health products, cosmetics, pharmaceuticals and chemical products. In
this paper, the advantages and disadvantages of enzyme, chemical and fermentation methods for the extraction of bioactive peptides from fish skin
are reviewed. Compared with chemical methods, enzyme method is widely used, by which the bioactive peptides have higher activity; the cost of
fermentation method is low, and it is suitable for mass production. The separation, purification and identification methods of fish skin bioactive
peptides, such as ultrafiltration, nanofiltration, gel filtration, ion exchange, high performance liquid chromatography and mass spectrometry are
summarized. The combination of multiple separation and identification methods to obtain fish skin bioactive peptides with specific functional
activities is the first choice, but to obtain high purity and high activity of the target products is still a difficult breakthrough. In addition, the
functional activities of fish skin bioactive peptides, such as antioxidant properties, inhibitory activities of angiotensin converting enzyme ( ACE ),
antibacterial properties, and other hioactivities are analyzed, and the structure-activity relationship between functional activities and molecular

weight, sequence structure and location of the peptides is summarized. Finally, the deficiencies of functional activity research, the development
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of bioactive peptides, and the direction of further research are prospected, aiming to provide reference for the fish processing industry in making

high-value functional products.

Key words: fish skin; bioactive peptide; exiraction; isolation and identification; functional activity; antioxidant activity; ACE inhibitory

activity; antibacterial activity
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macrocephalus ) B2, & F'HE 8 MK, PR
P, 1 il % Pl L 1 T B Tl A, e XA 5
FAXF4>F2 ok 1 301 Da FUSERK, %R~ HA &
SR ACE PG4



T (E R e e SR R G NEE Y O B Ay RO i 13

2023.39(7) 93
®1 BRAMEEERRTELLER
Table 1 Comparison of different extraction methods of bioactive peptides from fish skin
RO [N 5 SR
Conventional extraction method  Advantages Disadvantages Reference
fit% Enzymatic method KRNI . SR, TS E B PEAES SO REE , TR AN [12-13]
AWIREIER, DhReisEe, F T AR The I, Mk ot A7 AR The activity
hydrolysis conditions are mild, reactions are safe and of enzyme is weak, reaction speed is slow, the
controllable, the structure of the product is stable and it hydrolysis is not complete, the price of enzyme
does not destroy amino acids, functional activity is high, is expensive, and has high production cost
and the hydrolysates are conducive to human absorption
Ab243 Chemical method PEVETIE . AUAE Easy control, and low cost SIAE R, LML, B [4,14]

K P Fermentation

operate, and can be mass production at low cost

SRR MR, BRI, Ata A,
A Increase product flavor, reduce fishy, easy to

WEBEIR, RIS 2e, Wi

[ Tt introduces toxic substances, safety is

low, partial amino acids are destroyed, the

hydrolysate composition is complex, and the

application scope is limited

FEAAR, AEARINYE, TR A AR Low  [15]
yield, difficult to be purified, and some bacteria

of producing enzyme is toxic

O Y= 3 e WY R R AR AN S
f, W EEE . K% pH AR S 2L B
PN BIPH AU ( Nibea Jjaponicus ) AR R EE
3R PR MG . RN . AR . B
PEEE PR S 8 X AT A%, LA DPPH - 3
B P FE AR, 255 B on v R O A
DPPH - ¥ BR A8 J1 e oK, T 3 Berb ok 2 11 i ol B
G, P TR RS, A B R K fi# 55
R REFRTE] 5 h, JNfEgE 1500 Ulg, BRELHE 1 : 6.
T IREE 45°C A pH 7.0,

g BRI, b T VR e A A 0 PR R A B R
K, ESIN RS IE R R A K A
e, JERTE F R K AR A AL, SRE RN
it PRI K SRR
12 3k

e i AR TR L L Bk 4 Bl 3 R BT TR A
PRI, 230 Ao 5 2 B3 R B AR 1 T el A D 2R
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T RO AR 1 B pH FIELRE L AR M K
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FHERE—E R, R 3 AL B R L AR E Y

R R LG, RERBRE (—#h HCL,
ATDLREGER ) Kb B, fEER. BRALELJS, FIZEIEOK
Vot e PR B, TR 65°C IR TE4
ho AU R BOE BRI FEIAG , 40 Jongjareonrak
2 1240 S B AE T RS BE B Ab B 24-48 h, 4 8 h 3k
—WR, FIEWHBERR S IR IR AN 24 h, @A
JEAb BT DL S i P IR 4l i . R A RS B &
JEKfEYIIG , SR SRR . S A6 AR TR N )
T K. $EBUAR R 6-12 mol/L HCI 58 % 4 mol/L
H,S0,. 100-200°C, 7Kf# 12-24 h ; 5 # 6 mol/L [
NaOH 8§ 2 mol/L i) Ba (OH) ,. /Kf# 6 h, KRG %
PR B, T T 701 TR IS R 2 R Ak 1
COle % 20 y\ tt H @ (Pleuronectes americanus ) %
B RN W B R A BB R, DR R S B
W, fIA 50 mL 0.2 mol/L Na,Ac, 0.2% Triton X-100,
1 mmol/L 2 K& B I fif ik 5, ¥, 21K, H U
20 000 x g 5.0 20 min, K FIFWHE—E4lifl, 53]
A 25 DMASERIRIL MBI, AT
GWGSFFKKAAHVGKHVGKAALTHY .

o2 BB . AR S s, (A2
TR, ZIBRAEE—E AR - O
MELLES ], S AR BAEYR, & SBIRRE
TILRRLEN, WEOERR . L8RS ERR s [k,
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7k o AT AR WK £ B A T . AL
Y (= N R (¥ -a iU L LA L/ i 431/
TEUAE AN D5 A 1 I A ) e A P R A ok

HURT, T A Bk ] 2 A= W 0 e JOR Py o o 2
A BRI 8 ( Bacillus subtilis ). 14X ZEFAT 1
( Bacillus licheniformis ). W#ZR ( Aspergillus ) LLJHL
M2 B (Lactic acid bacteria ) %5, Jemil 25 7 3@ 3
— Pl ER LKA A B AAT TN (B, subtilis ) A26
We LA 2R A BT, A E A BUK R . TE RS
Firh, 8 R AR ORI Y — 8 4 Y IR RN 28 BE TR 1
I BUKEREERTT AT 8 T bk Bk U L B b
Koo S UV RK I (Aspergillus oryzae ) KT
i e B T A AR TG PR R, XK R B R WA A T
Ak, SRR ARSI TR A, 70 275 3 45
SEATCAAALAE R ACE TS PE R BK . T Sc 2 2 L
Bt ( Oreochromis niloticus ) L2 A IFEE, A FAL
BLEAH T [ S & % (solid-state fermentation, SSF)
il 28 I S 2 AR, AR M R b A 7 B A
%, 4y FHE/NF 5000 Da B IKBET A ALY SR,
PRI H A (hydroxyl free radical, «+ OH ). &%
BT M (-0,7) Hl DPPH- 1 IC, fH531 20 3.83
4.19 fi1 2.37 mg/mL., HHAAREHIEIRE T .

R W T K A i AR Y0 B A T, AR
PR TC T T — 2D K A3 mT B 0 i R4S . A LA
Tk, REEEBAEEONEE, MARMR, Eath
A, IR AT I ek . £ HRA LT
ML, RIEIRRIRCRAR, el e AR AE, R
7R AR AT BE S ML A —E R AR LA
PEARSEBR G T R Wiz N Y, R Ak
1R A TR R AR (9 A M e % A R G B
2 BREVEERHTEEE

A TP IR A 3 R el R e E Y, L
oy AT RIBKYESE . Uk, A WiE PR

Ir B AL R S R S A S R SR, Gl AR 2
JORH 370 | A A A5 R S5 5 AN [ ke e i
M sy B sl ik D T TR RN Z ik 4
By A Y Culirafiliration, UF) [34]\ 9N KA e
¥ (nano ultrafiliration, NF ) FIEEIE T 187 DS]O BT
SRR T RE T 22 KA AT EA T A0, BT i RO
{4 3% (reverse high performance liquid chromatography,
RP-HPLC ) JUJ 2 415 A= 49y 156 1 SO A9 st 7 A2 A 53 oK 1
HEATA3 5 0L M RP-HPLC 43 i HLAT 55 3 6 PE A
A YIE PR 53, i — 20 R T R RORR 3 - T
AT € AT B[] )3T 3% ( HPLC-quadrupole time-of-flight
mass spectrometry, HPLC-Q-TOF-MS ) O HL R
i ( electrospray ion mass, ESI ) Hﬂ\ T B
PO / BB JTE (matrix assisted laser desorption/
ionization mass spectrometry, MALDI-MS ) AT RR R
U TS RE . MAh, - he B AR R 4N R R A TR i 1
e H 3K B (sodium dodecyl sulfate polyacrylamide gel
electrophoresis, SDS-PAGE ) "™/ i 57 - 21 4 ¥ 3
( Fourier transform infrared, FTIR ) HN\ Edman F&f2: .
58] — L B A IR 10 St T AR s PR IR s
PR 2E5E

T ARG R R e A AR s PRI, T
R Z RO R AR S A 1 7 T 2 e a4k S %
FE, BT UE . BEROE S AT AR 5 S
AT EaLE, 58 BUE I T IT I S . B
— M TGP R 23 R A3 85, H oAt Jy VA A ER
AR XL G0 — 243 8 T Azizah % TR
F 29 Bk 2 1N £ R TP B IBOREJSLEE K, A
JH A g 5 43 B >30 kD, 10-30 kD, 3-10 kD #I <3
kD B IKBL, AN [R] 431 19 IRk B R T A AR T 1 49 )
J9 (45.07+0.12) pmol TE/g. (45.85+0.04) pmol
TE/g.(45.93 +0.04 ) pmol TE/g F1 (45.98 + 0.04 ) pmol
TE/g, 4%t % 120 0t 42 AR vl aof B gL ok
JBE kg JE M. BB 7 A8 4 J2 B (anion exchange
chromatography, Q-FF ) I RP-HPLC #1743 & 4lifk.,
RASAFHATER DA A PTG PR . Senphan
4 L8R B R Sephadex™ G-15 % I A 2 #r 44
AREEEXTABEH R (Lates calcarifer ) & F B r= 1)
HATALRR, 1535318 364 Da M AE ALK, H
22-WRA - — (3- L2k - FRIFHEME -6- IR ) 4%
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£ (2,2-azino-bis ( 3-ethylbenzothiazoline-6-sulphonic
acid ) , ABTS ) A H L BRAE ST i o

BIRHHTE A R ARG R B e T,
TELPRZR AT AR AG i Al R S e T P F bR AT 02 24 iy
VI EE O ME . A AR R AR W IR
WEIE R SRR AR, TT R S R H RS HE Y £ 52 A2 )
PRI B A E RO, AT HESh £ Bz A= P T e Ok i £t
FEA PR R,

3 BREYEERNINEEREM
3.1 #RAMLEFH

IS (ROS) FNEPER (RNS) 435 Ry 48 1
AACHAH WL NRAERT BRI A R b 2
Wi~ - 0,7, - OH Al DPPH - % ROS, s #ify ROS
AT B — s A T 23 % AR 21 B B R 43
BT, JEZEA DNA 35 aeifs, ikl i 2544
FEPE AT LR 28 ROS Ry, miH., K
T HAT AR AR E TR A 2 He Ui 2 2 SE IR AT
BRI O SRR, R R RE RN
JRFRIANEE | 20 07 B AN K M S SRR B I G 10,
P EE A SRR, MR RER R SA R
&R (Gly), S (Val), WZEM (Ala), fifi
MR (Pro) FEMHZERR (Hyp), &A XL ERAY
A FAT s A et ARSI
fRIE ARG D7 i 4G DPPH - WEPRAE S . A B i3k
(ORAC) THBRAESI . - OH VG BRBE I FIEK 5738 )5t
FALFIRE S (FRAP) M7 %5 0 ik T R AR 1R
EHA H m 1 ORAC [HME RS EM, &1
U R WA B A B 9 FRAP H DPPH - 5 BR
B o,

AL TE MR R AP TE T P Ha( Pangasius
bocourti ), 4 # 1 ( Thunnus albacares ), 1 BT
( Lates calcarifer ) %557 H 4229, Sae-Leaw
24 DY I B PR G AR AR, g S R A SR
W G-25 F1 RP-HPLC 73 5 753 2] 4 > 1 85 5-12 4~
IR 1 JIK BE, Gly-Leu-Phe-Gly-Pro-Arg ( 646.367 1
Da ). Gly-Ala-Thr-Gly-Pro-Gln-Gly-Pro-Leu-Gly-Pro-
Arg (1 107.590 5 Da ), Val-Leu-Gly-Pro-Phe ( 532.313 0
Da) i Gln-Leu-Gly-Pro-Leu-Gly-Pro-Val (780.461 4
Da). H ' Gly-Leu-Phe-Gly-Pro-Arg ( 646.367 1 Da)

HAREMPUEE [(81.41 £0.34) mmol TE/umol
fik 1o Zhang %5 5 B g1 R K i AR B R AK
Ik, oy BT B i A AR KB, 23512 Glu-
Gly-Leu (317.33 Da ) Fl Tyr-Gly-Asp-Glu-Tyr (645.21
Da), BF5ET + 0, - OH Fl DPPH - {5 FRAEJ), 45
WA, Glu-Gly-Leu (317.33 Da ) (FRIE A hIE 7
b% 6E 11 (1Cs), 4.61 g /mL) #¢ Tyr-Gly-Asp-Glu-Tyr
(64521 Da) (1Csy, 645 g/ml) 75, 384752 15 3k
T 7 1A 4 ( Thamnaconus septentrionalis ) R
PUAAAL KA 2 B il 2 SR @ e, SR 1 Hhiwi
B i ARl 2, SR BT R R R A 4
4y, 3 BE DPPH - 4 1Cs, {H 4 1.80 mg/mL. #3 5
UPLC-MS Z3 A=l A 2173 B9 S SE ML P51 T REJ2: Gly-
Glu-Gly-Ala-Cys-Asn 8, Asn-Glu-Gly-Ala-Cys-Gly.

UL ESERAT LA, EOR IR A IR T
HRFBA/NTF 1000 Da, HKH &4 Bk PER I
%, N2 (Ala), 52212 (Leu ), JHZMR (Pro).
Mg MR (Tyr), HNZR (Phe) FHHIZ R (Lys ).
1R R S A T R PUEATE TR, JEIAR
BT AT PR SR IR 2 —, AR HTEZ . 1k
i AR b A, ARSI 1 e K
A= TE VIR TE AR A Y S PR I IASCR
3.2 ACE#p#) & H

15 F 5k R AL ACE (EC 3.4.15.1) J&—F
e/ ZKEE, AR R R EEA ST AR
o ACE 2B — I 55K R ARG RAS )I— T,
] ORI S 5K & 1 Asp-Arg-Val-Tyr-lle-His-Pro-Phe-
His-Leu ) M C R 3iVIBR His-Leu, #4057k %
II ( Asp-Arg-Val-Tyr-Ile-His-Pro-Phe ), T4 S5k &
L0 AT LA/ NSl K UAC 246 R JE 7 80 5 i s T i o
F—J7 T, ACE L= - kR 48 (KKS)
A SRy, B T AL SRR o 2 16
B, AL E T & . R, ACE ) 58] AT
DI SRR IR AR 7 i ARG 24
shlE—EmEER, Wik, FERRREZLAA
P PR A A= P PR SR B WIS E B

ACE & M S 45/ M R R e, BA
WFIEHTE, KER T ACE $I ] IR ( & Il iR . i
PR 05 R A SR, HAZ R C i) 2 B R 7 51 5
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M, JEHORE M REE C i I 2 R S K PR 2 R
ACE % P s 10 ACE #9000 355 A g A0 Jy
FEEA SRR . RP-HPLC 3 1, 9696k [ A
EAMAE B IKE (CE). o, 43606 E vk A E i
I 45 F Pk 3 32 2 TR AT O ACE 38 2 7K fif IS 5 IR
Mk — 2 24 ik - 22 % FR ( N-hippuryl-His-Leu hydrate,
HHL) P24 T JREE (HA ) AUESEHIE ACE R,
PN — i kR R (1G5, ) #Ix. RP-
HPLC 2% g REARIN HA B9RLSY, ARG T4
HBUHA AP BR, (BRI R aIAR, XA
i 2R BUANE H

WFFEARIE, O RORIE Z AR ACE TG M4
i, LGRS /N 5 K 3 5 B DA G (R 3),
Ngo 25 1O AP P16 0 iz v 4y g5 ik T ACE il
Jik, Ik 2R PR KR LR, R ILL AR
(trypsin ) ZKfEAFEIRKAY ACE IS PR, KA
JEMEAY B AR 4 FhE (<1 kD, 1-5kD, 5-10 kD Al
>10 kD) 2K, ACE il &M & 20 /M T
1 kD B2k, #F— 2040 25 al 15 5] GASSGMPG (662
Da) Fll LAYA (436 Da) Wi~ ACE il ik, 1Cs, 5>
B & 6.9 pmol/L F1 14.5 pmol/L. Yang 25 '*) 3@ #:f i
il v DA BT 7 30y fon i a1 jle v 45 B 5 B ACE )
PE B AR W06 IR, K F 81 A GPLGVP, 1Cs, K
108.5 pmol/L. Lee %5 "' 5o b5 6 Bl 2 111 il 7K i
% £ ( Rajiformes ) B¢ 45 19 ACE #1§l Ik & B, a-
B L AR 1 T K AR R P T e e e, R T 28 0 4
TR A5 B WA~ B 50 ACE SH0E Ve kB, 2351
J& PGPLGLTGP (975.38 Da) Ml QLGFLGPR ( 874.45
Da), AHL 4 1Cs, 43 51 24 95 pmol/L Fl 148 pmol/L,
LW ACE EDHIETE S E I RHERA ¢, AR E
F BB AL SN, IR 2P A0S [A] f IkBE, i
IR ZE A8 2 51) e 53 -1 K/NJESE ACE BRSP4 R
/N Ngo %6 L2 R ( Okamejei kenojei ) 57 W4y
B A2 B B ACE JITE EA RK, 42
LGPLGHQ (720 Da) il MVGSAPGVL ( 829 Da ), H
1Cso 434 4.22 pmol/L 1 3.09 pmol/L 5 -8 LA
SERIOL S HT RN, ACE 20 F 5t ali Ak Bk L 22 25
HRFEEFIZEMIA ACE 7374566088, ACE 5415
Lifb IR ES A0S AR ZH L, 4348 Trp67. Asn68.
Thr71. Asn72 fil Arg348, FH] ACE 4 F Ly 4lifk

JKATREA BT ACE 76 P4 M F9US 75 1l e

HI T AR 1 SRS BREE 2 A AN, TRt
BT ACE 4R IRTE AR NI SEBRBCR , T3 15
A — BRI RGBT . — D,
AR FFAISET7 1) T RE S22k T L FIH LS B &
GE B ST i 1 T AL R SR SRR 5 5 —Tr
T, Ak ACE il IRAI 5800 B s 2 H i 15 T AL
ORI 2 LA e AR Py T A 2 i
33 AN

H 2R 6 PR — AT KR BUR R, BT
oW o H A TR TE A IR . R T O R
BERIR Y BLSE REORA AT 3 AR S I -1
MK CAMPs ) 5 S A2 P47 5 ok 18] 22 £/ 47
Ol AMPs 92 P3G VEAEAR R AL b5 3 7
URERE | BKYE RIS A A 5

T ABNET oy AR B EE S A 0 ( Thunnus
albacares ) F1#% 4 ( Katsuwonus pelamis ) FZ 2K i (1)
PUBK 0 M, B H b -3- BRI A
(GAPDH) HHKAMITE K (YFGAP FlI SIGAP) HAY
DD N AR R 7 | ol A U5 R 5 -
X R ol 448 BT 1) MECss {43 5134 2] 1.2-17.0 pg/mL Fil
3.1-12.0 pg/mLo BEAL, 3235 1 K B 40 1 T 1 i £
F5 0 K KRBT (Aeromonas hydrophila ). T K 4%
BREA ( Streptococcus iniae ) F1 I ML PE I ( Vibrio
parahaemolyticus ) 3 Ff 1 295 i {&, Cole 55 260
o H b oy B e A B T HA R B A
Ik, HEE5 A 0 5 25 s SRR AR Ak, B LR P 4
5 GWGSFFKKAAHVGKHVGKAALTHY . Ennaas
LT gl FIEE T 4 Fhok B U868 ( Scomberomorus
niphonius ) T VR i P P IE IR, 83 RP-HPLC
X4 FETEE KA AT R, 4302 SIFIQRFTT
(P4)., RKSGDPLGR (P8.1). AKPGDGAGSGPR
(P8.2) 1 GLPGPLGPAGPK (P11). 7E ¥ Ji 2 200
ug/ml {5F, PS.1. P82 A1 P11 H /% 3 43 41 B 4,
T P4 JU) A ] B 470 A8 22 P BH A 1 A 22 FR B PR 1
Ennaas ") HPHNEBL, A ho fa R 1 5 8 11 ke
1.88 mmol/L Y JBEINF, ] LA <8 v €007 4 3K 1 9 A2
1, SRR RE S T X SEJIKAY C S &5 A7 Al AT 1 H
AR (Lys) IZRHEL,
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Table 3 ACE inhibitory activities of bioactive peptides from fish skin

eV PO . MFE B Separation KR Degree of  J7H PR ZIERTFH Amino  SCHRACIE
Species Extraction method  and identification methods hydrolysis, DH/% Yield/% 1Csy/ (pmol-L™") acid sequences Reference

ISR R

Pacific cord

HHIE . BT ACHET —
S 1) OB i i

fish ( Gadus Ultrafiltration, anion exchange
macrocephalus ) chromatography, RP-HPLC

skin and MS

Enzyme method

BTRCTIES R Sephadex G-25 BEBHLZHT |

J Alaska pollack  Enzyme method S 11 i RBCHRRH € T T o 5T
skins AHETE — PURRFERA T Hsf ] 5

i Sephadex G-25 gel filtration
chromatography, RP-HPLC

and HPLC-Q-TOF-MS

Sephadex G-25 BEIH 2T, —
S RORAR (3 . Q-TOF
MS/ESI Sephadex G-25 gel

i i) % Enzyme
Skate method
( Rajiformes ) skin
filtration chromatography, RP-
HPLC and Q-TOF MS/ESI

ARl ) B UK A R ARk Superdex'”\l —_
Okamejei kenojei  Alcalase hydrolysis  Peptide 10/300 GL BEAT 2
skin M
Ultrafiltration, Superdex”
Peptide 10/300 GL gel

filtration chromatography

M

— 6.9 GASSGMPG (662 [ 61 ]
Da)
14.5 LAYA (436 Da)
108.5 GPLGVP (53831 [6]
Da)
— 95 PGPLGLTGP (975.38 [ 36 |
Da)
148 QLGFLGPR ( 874.45
Da)
— 422 LGPLGHQ (720 Da) [ 62 ]
3.09 MVGSAPGVL ( 829

Da)

i bR, ARy BRI Z KB —E 1Y
Prwite, HprEremss Sk ea . gty R/NVEg
PIAASG, oA B0 T TE B i PR R A e it A= 7 55
34 HAuAEH

0 H AR E T E R B AT HOREE L B
BEPE O e Y A R s 7 A
fIHRETETE (325). (e PR FUKY &30,
ftf411 ( Oncorhynchus keta ) SRR ( MCPs ) X
FZEEDH (PA) MEREA MR ER . 4700
/R, MCPs 3852 980 /0 PA B B o A Ak 40 49
i 2 AR PR R ( acetylcholinesterase, AChE ) y&4:
B EERRLL c-AMP S T4, A 8 FH( p-CREB )

LG Y5 P #if 28 B 37 T~ (brain derived neurotrophic
factor, BDNF ) ik , S E4h L K12 ST gtz
Sasaoka % ™ 718 T 5 (Acipenser sinensis ) B¢ %
J5LEE 1 KA ) A AE R IR AE L 30 e S 06 4 2R
G-25. RP-HPLC 73 B %0 KR8 o i, B —
ANBEMUBEIR S0 Gly-X-Y 254 (X, Y Ryl et
G AL ), Sae-Leaw 28 ') R WA BE0 B K R4
AR RN, RIS HHIR RAW 264.7
AR = A Y A AR A 3R -6 (TL-6) A IL-1B ki
FHIRAG, Lu % 70 MELE ( Gadus Macrocephalus ) J
v e A 3 1) # R I DU 1 I R A BTG B,
1 3 3 1 A AT B R R B AT B R T4 s 2R 1 i
( matrix metalloproteinases, MMP-1 ) TG Y BB
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Table 4 Antimicrobial activities of bioactive peptides from fish skin

; PWOTE: oy STk IK S Degree ) ) ) ]
Al oo SO R OMECY MIC/ (DGR RIS SRR
) Extraction Separation and of hydrolysis, ) . B . . ) )
Species Yield/% (pg-mL™) (pg'mL™) Microorganism Amino acid sequences Reference
method identification methods DH/%
wg A Sy s g . — — 1.2 — WEZFFFE  YFGAP [65]
Yellowfin tuna ~ Enzyme ot E R AR B. subtilis
( Thunnus method 8] JFi % RP-HPLC,
albacares ) skin MALDI-TOF
— — [Spee7 ]
C. albicans
— KIHT
E. coli
{4 £ )37 Big: R e, — - - R ZEAUFTR SIGAP [66]
Skipjack tuna Enzyme WO AT B. subtilis
( Katsuwonus method 6] JFi %43 RP-HPLC,
pelamis ) skin MALDI-TOF
16 — HS Bk
C. albicans
2.7 — KIGHT
E. coli
XEWHM A G-50 2 FHERAL 5 — — — L1-22"  RFZEUFFE GWGSFFKKAAH [26]
Winter flounder  Acid- LRI B. subtilis VGKHVGKAALTHY
( Pleuronectes  extraction i G-50 gel filtration
americanus ) method chromatography and
skin HPLC
— - FAER R
C. albicans
— 22-33" KA
E. coli

s * 3R U/l
Note: * indicates U/pL.

GEIGPSGGRGKPGKDGDAGPK il GFSGLDGAKGD,
H MMP-1 40361 550 500 16% F1 15%. 1A, HF
FEFfK RS th AR 2 IR A 4Lk, HheeA: )
EPYERR SR 2R A PriE kMR EA —F
REEE T,
4 BRESRZE

WIS EEL Ak M R B A A TR, M
FIFHMEUE . HPLC . i S8 xd JE U iia 143 5 alifk &
YooE, AT LASRAS T V2 YR 0 fa B R TR A W T 1 RK
BN 7= fr i SO 71 (102 SO /1 s s o IR
BT, FEISE R e U5 A i v R ) RE 1 M i F ot 3

BALFGELLT 3 A5« (1) AN RN £ ke PG
PERRBEA T T 24RO ERIBCSR A0y 5
i (2) BRI IER R 5 (3) WEYEIREEs T
SDIReTE HE ang A . ACE 0 e bt B S A
PRI

SR, H AR R A= s PE IR O 5 —, 4R
BOSCRM AiAL R EAR, BRI =P 1598
BONE IR, SESUEYIETEBAR. 7RI REE MRS
Jrihn, HAZ AN R F B R NS K SR
RHR 3 P BEAE AR N 18 LS A W3 PR A5 21 5T
SYYIE, AT RS S AR A ACE T
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Table 5 Other activities of peptides from fish skin
R K %‘:Mﬁ/ﬁ ﬁ'fﬁ% %%ﬁ/ﬁ K Sk De{;ree - SRR bR
Functional activity Species Ftraction tSeparAaAlmn‘ and of hydrolysis. Yield/% Amino acid sequences Reference
method identification methods  DH/%
i e s fi:ff1 fi7 Chum Salmon ik - — - — [73]
%M Neuroprotective  ( Oncorhynchus keta ) Enzyme method
activity skin
Bt M #4617 45 i Enzyme THAENE G-25. — 11.9 Gly-X-Y (X, Y Rulghy  [74]
Antihyperglycemic Sturgeon ( Acipenser  method 52 1) Fe CTRRE £, 33% AR AL )
sinensis ) skin, etc Gel filtration Gly-X-Y (X, Yisan
chromatography G-25, optional amino acid residue )
RP-HPLC
G AP fitH: Enzyme — — — — [75]
Immunomodulation Seabass ( Lates method
activity calcarifer ) skin
T ME LD S50 Bk Enzyme  BIESTACHENT . X — — EIGPSGGRGKPGKDGDAG- [ 76 ]
[T Pacific cod (Gadus ~ method R (i L PK, GFSGLDGAKGD
Matrix Macrocephalus ) skin SORAH AT — B
metalloproteinases, FRIRFTIE

MMP-1 inhibitory

activity

Anion exchange

chromatography, RP-

HPLC . HPLC-LC-ESI-

MS/MS

SR SEPRBTMLTRRCR 5 PRI R )5 T 2 4 e
PUAAEYE . P PERGTREESE, XA 2
REMNRIE IR T4k BRIV BT PSS

i BRIk, A5 B T PR RS N A
WRTTE - RREBCL 2RO, i Bek
B PR LR R BRI AP S B4
AR, TR RHER S Al R EHOR, 7
e PR R A I PE AR 5 T SR D RE G M A A A 52
%, R VEIRA 25 R S S 5 ALK
AT TE S U T I 1k, BIHTA . i BN 4 i
A S B A EAR UE— 2D OCTE . b, B
AR MR PR S R e . SRR U
PESE DT HMEAGE— P AN B A TR AR E, QIS B R o
TE BT LSRG B AH DG 2235 R AP Y 1l 22 f
YRS
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