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Abstract: Objective: To investigate the optimal enzymatic hydrolysis process for peptides derived from the swim bladder of
Basa catfish and to evaluate their protective effects against hydrogen peroxide-induced cellular senescence. Methods: Basa
catfish swim bladder peptides (BBP) were prepared through enzymatic hydrolysis. Using the degree of hydrolysis and total
reducing power as evaluation indicators, the optimal enzymatic hydrolysis conditions were determined via the single-factor
experiments combined with response surface methodology. BBP- I , BBP-1I, and BBP-1Il were isolated and purified using
Sephadex G-10 gel column chromatography. Their physicochemical properties were characterized in terms of molecular
weight distribution, amino acid composition, and in vitro antioxidant activity. A hydrogen peroxide (H,0,)-induced cellu-
lar senescence model was established using mouse fibroblast (1L929) cells to evaluate the effects of BBP- I , BBP-1I, and
BBP-1Il on cell viability, S-galactosidase activity, reactive oxygen species (ROS) levels, antioxidant enzyme activity, and
collagen secretion, thereby assessing their protective effects against H,0,-induced skin senescence. Results: Results demon-
strated that when flavor protease was used as the experimental enzyme, the optimal enzymatic conditions were as follows: a
substrate concentration of 4%, a pH value of 5.0, a temperature of 50.5 °C, an enzymatic time of 3.9 hours, and an enzyme
dosage of 5000 U/g. Under these conditions, the total reducing power of BBP was determined to be 0.426+0.011. The
molecular weights of BBP- I , BBP-1I, and BBP-1II were 925, 809, and 640 Da, respectively. BBP- I exhibited the high-
est content of aromatic amino acids, whereas BBP- Il contained a higher proportion of hydrophobic amino acids compared
with BBP- I and BBP-IIl. All three active peptide fractions demonstrated effective scavenging activity against DPPH",
0, , and -OH radicals. Among them, BBP- | exhibited the strongest scavenging capacity at the same concentration. In
addition, BBP- I, BBP-1II, and BBP-IIl exhibited no cytotoxic effects. They effectively restored the viability of senescent
L1929 cells and significantly inhibited cellular senescence (P<0.05). These peptides also significantly reduced the levels of
reactive oxygen species and malondialdehyde (P<0.05), while increasing the levels of superoxide dismutase and glu-
tathione peroxidase (P<0.05), thereby inhibited the occurrence of the oxidative stress response. Moreover, the three active
peptides were found to upregulate the expression of type I and type Il collagen (P<0.05), indicating their potential in delay-
ing skin aging. Conclusion: BBP- I , BBP- I, and BBP-1Il derived from the swim bladder of Basa catfish, exhibited signifi-
cant antioxidant and anti-cellular senescence activities, thereby providing a theoretical basis and technical support for the

high-value utilization of aquatic by-products.
Key words: Basa catfish swim bladders; mouse fibroblasts (L929); antioxidant; oxidative stress; stress-induced premature

senescence (SIPS)
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gen Species, ROS) I K& 7 M, REAE W 2 &K SA-B-
gal IEPEFEIIHS 3 2BS eI TR, AATA
B YT TSRS F A E R . Sheng &5 45
B T R A s A s TR, A B HEL
WA A R ZEEIE BRBE JT . AR Tk AL R ae T Ak
WIEHE T, GRS TR, DNA Fil HepG 2 44532
H,0, #5315 3, PN IESZ 40 3 .
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IR = FRAE AN, XA IT & A AR B I AN, Ok
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T AR N B b A fa B rh PR B BT ) btk e
PRI JE R, R1) JFH L IR] 2R ST B 43555 i g TP e s 2 il
[ vb A £ 82 Ik ( Basa Catfish Swim Bladder Petide,
BBP) A T A%, SR BT 2Pl b fafh
SR T Es alifh, IFRIA H,0, Mg b %S S
HY 1929 Jl LT 4k 2 o w2 A AU, ALY s |« p->15L
PEEIENG 7 . ROS &g . P LB P AN 25
SYUIAEFAEE, #R9T BBP I =B slifb s Eis =
AR AT R Bk T AV EFROCR, LIS S
LG PR IR 2% 5 22 TSR R L AR
1 MRS
1.1 RS NEE

Evbfafass  IER(CPEHA R E /UL
LFAEANNI(L929 2iififn) v [E R 2Rl A B L BRI
FEHTAM MU O AR A B (BETS >250 U/mg) . K
JREE R (B 10° U/g) | HpPEsE (RS 2<10° U/
) KURREE F S (BE 1.5%<10* U/g) . H &5 FI i (B
800~2500 U/mg) . 1,1-—ZKIL-2- =fHHE P (DPPH) .
PR MR . Sephadex G-10. BCA £ FH ¢ I 72 155
. DPPH [ H 335 REE JrA =G 6 . M E s+
T ERINEGR & % H R SRS BRAE Iy il A
DMEM i IR 3 | H R SRS M (100<) 4R o sy
FEE . 0.25% FREABFEILIK . PBS &K . CCK-
8 A FE R mE AR 6 . p- 21 FIBE T Y (0l
FE . WHHEHEAE(ROS) RS . TN (MDA) &
MR & . A AIE AR (SOD )& A =G &
(WST-1 ) . e H ki S Al (GSH-Px ) & P4
MEAF S b EBEEAYRHAT IR T a4 1y
(Gbico) ZE[E Life Technologies Corporation 2\ 7l ;
AW H AR (L-Glutathione, GSH) . H,0, 3E[H Sigma-

Aldrich 22 7]; /N T BRI (COL T )ELISA ik
FlE . /BT R AL 8 (COL MDD ELISA X5 &
T TP PU A ARG BR2S |); 7 JCRE, TR
S e
SB-800DTD #E/ VEVEHL T U R = LW Ft

B IR BN 1 2248 HH-4 O fER/KssE 15
B A AT AR AR il 1 A BR Y 7] ; PHS3CW % pH
T R AR S A R ] FC ZDReRbRIY

FEFEBRIR ] CR21 Sl EL.OHL HAr GRS
F]; Lab-1A-50E B ELAs R TR Jb Rt Isie B s
IR BR AT E2695 WOFH (o384 (B4 AH b 785
F shibkfss . SRAMEM A S TAEW) . AccQ-Tag &k
%53 AT A (3.9 mm>150 mm, Sum, F444&FX 1.8 mL)
[ Waters 22 Fl; CCL-170B-8 %I CO, {55746 #r
Ik 2 B E R A R F]; DHP-9052 BUTE IR G FF6

Vg ER} A IR A BRAS Tl CKX53 U3 B 5 i
G AR ER RS54t Tecan Infinite M200 Pro 22
YIRERfFFR Y Hiit: Tecan 22F] .
12 FLWHE
1.2.1 Eybfafamabr v ata i viia, X
S5 £ B8 PN R ZH LU AR T, BY A 0.5 cm<0.5 cm 7
B, I 20 f54AF2 0.1 mol/L NaOH ¥, T 4 °C
MR 12 h S5 HZERKEEZ R BRI 25 AT
M 10% SENEEE W 4 °C FALHE 24 h FEATHR, 4R
JE FZE /K she T4 e 25 o
1.2.2 Bk sl
1.2.2.1 EHMFFHZEAOTGEE LAY B v
SR JEL, SRR R U . PR A . KRR
Fifg . 5 AR . AN IR S FREROES TR 20 . 7F
5 PR Y e adl A5 T (R 1), BB PR E 5%,
inlEgE: 3000 U/g, BEMRATTE] 4 h, DLABSRR A KR |
EGEJFEE J1 o EEEER, DPPH A H3E3E 53R Mk
L = IR 1 DA (L0 = il A e L (A S N5 L1 |

F 1 EANGRG AT

Table 1 Parameters of enzymatic hydrolysis
fiffh 2 pH HEE(C)
i (1t 8 50
P 6.5 50
DR 1 1 7 50
EEAEI 2.88 37
A JIE 1 6.5 50

1.2.2.2 [ R R R AR AR P S
%) 0 10 4355 R A o S 56 FH T, LARS R B 5%, pH7.0,
N & 3000 U/g, BffEE)E 50 °C, BEfERtE 4 h A
FEALA, 53 IR NI E (3% 4% . 5% 6%. 7%.
8%). pH(5.0. 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5.9.0).,
N (1000, 2000, 3000, 4000, 5000 U/g) . BHfiE
TREE (40, 45, 50, 55, 60 °C)FIfEREE] (1. 2., 3. 4.
5.6, 7. 8 h)FATHLIKZR L, LIAKMEREE | Sk 5 )
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1.2.2.3  ma A Aisss: AR R R Seie i 3l T,
A ¥ Box-behnken 3 56 15 11 5L BH , 1% H il £t B+ T8]
(A) . BEfEREE (B) FINEEE (C) 2 B A8 &, DLEIR R
J1RhmRAE, 21t 3 BRIER 3 K pynm L i A g
(3R 2), TRITHE I Bl i 25 T v fo £0 SR i e A
it T 2S5

2 WAl PR R KK

Table 2  Factors and levels of response surface test

K-
HE
-1 0 1
A gt E] (h) 3 4 5
B: Bt (C) 45 50 55
C: JnfE (Ulg) 3000 4000 5000

1.2.3 JKFEEEIE SRS e 7k, SR
Bff IR A L v o (SRR 7K A2 (DHD o B
W 1 mL EFEF] 50 mL, B 1 mL # R 04 I+
A 1 mL ZEME/KAN 1.0 mL 2 =B aFES )G S
FpAHE TN 15 min, IR KHGER I FE 205, Bl
JEIA 5 mL 40% ZBEE IR SIS #0E 20 min, M
E 570 nm ALMIRSGIE . R PR H#ERTZE y=0.0061x+
0.0002( R*=0.993 ) 133 7K i & 11 W% 7 -NH, 1) & &
(mmol/L), R T =GB/ EE RN,
NH, &
625xN EN o

A, -NH, & &2 R 98 b i th £t 55015
pmol/mL; N AL E A ATINE, mg/mL; p S JEUE}
S -NH, % &, pmol/mL; h SN 4F 1 g B vbfafn
B IR v BREE M B, S s R I e S A
9.48 mmol/g.
1.2.4 BWRJFE SN E =B Ahmadi 62 197
W5, e B yb o a kA BaR 5 T . RSO R4
A 0.2 mol/L pH6.6 SR EL S MR 2.5 mL, B
W1 mL, 1% BFALETIH WL 2.5 mL, 1RG5 )5, 18
50 °C F MW 20 min, ¥ EI B E 1R, MIR-SE®E TN
A 2.5 mL 10% M =5 LR RIS, ik, T
5000 r/min 254 B0 10 min, B F¥EWE 2.5 mL, /il
A 2.5 mL ZZ4# 7K1 0.5 mL 0.1% 1Y FeCl, %, i
& 10 min J&, T 700 nm 37 ANIN 52 G RE, SEA T
RE 3 IR, LL Vi SRS BHPHERT I
1.2.5 By amEEik )2 S5 itk
TERIT R VE VR AL, B O v £ £ 28 FRR 9 SR e ol sl
100 mg/mL MR, B850 5 B B #5 o EC 1 mL
UL v £ o S5 PR 94 U N 3] °F- 48 58 42 1) Sephadex G-
10 #£(1.5 cm>40 cm) 1, FHEZE/KLL 0.5 mL/min [
TP TEEN . 4 2 min WEE—A BRI, A4
FEFAE 280 nm AL EE SRR I, [FIAS i BCA
TSI 45 B (A i, AR R ARG I 225 SR8 e e Bl

DH(%) =

2, IR F2i
1.2.6 ZILARZHAL 708 GB 5009.124-2016 HFHLE
118 7 15 2 B b fa A IR K LSy B8 Slif gl 4y 1) A ik
BRZH %>
1.2.7 S FESMAIINE SRR EERS s
TTiEFIEAEME A, 15 FH SR (o i ) e B2, v fa
R B Ay B A L] 43 1A 43T, I GPC #bEA 7
SyAT o KGN AAF R i A TSKgelG 2000 SWXL
(300 mmx7.8 mm), FBNAE N CNE/IK(3:7, viv), 1E
AR 30 °C. R 1.0 mL/min 142 F, ARSI % K
220 nm XPFEHFETIE . ARESL I PREERE(112 Da) |
A H K (307 Da) . #F B4 K (1422 Da) . $0 AK iff
(6511 Da) . 4Hjifi{a, 25 C(12394 Da) . ZE 1M H&EH
V (68000 Da) . [ b Ao i R K FH A B alifb 2H 43
IR 8 AR v f A A 4li 7K Bic i A% 3~5 mg/mL B35
W, 28 0.22 pm LI B85 I A BERSH, AL
PR
1.2.8 &4 A ELERREE HIE A4S DPPH A
B S AR Wl N e AW A = S R 7 =i R Wil k= D
FeFz A E BT R AR 1350 GG I e v £ SR A HC
Sy alifb gl 4% —Fh | HIEMUTEBRBE S . B ZHK
RISy 32 0.1, 0.25. 0.5, 1.0, 2.0, 5.0, 10.0,
20.0 mg/mL, LIAH [RIHR BE PR IR (V o) A BR A XT
AR, ZEAR KA POt R, PR B vt fa SR A L5
alifb gl SRS B i s RRRE T o
1.2.9 BBP-1 . BBP-1I #1 BBP-II {14 41 i 75 L P4
S ZRRAECT (W) 7 I EEIE . K 1929 4
¥ 1x10° AD4up/ALI 8 R3] 96 FLA T, &2
FIZH . X RRZH AR S 2, 25 A AN FEFP I C R [RDD,
BHBEE 6 AT, T 37 C, 5% CO, B 48 1%
Fo 24 h JE M Es AL R Fin A DMEM 58 4
BRaR B, BES A I A B e 2 10, 50, 100, 200,
400 I 600 ng/mL BBP-1 . BBP-II 1 BBP-I#Y
DMEM g4 i 323, BT CO, B 348 h 4k ey 7
24 h, i CCK-8 175 &l i 4 e g 5 3, PEAi AN [H]
R IS SR 1L.929 (Y4 EE -
1.2.10 BBP-1 . BBP- 1 #1 BBP-III X 4= 1k $i# 175
L929 4UNG T py5Em  Ks L929 AL 1x10° 4~
M/ FLAA R BE 4R P T 96 FLAR Y, I B A5 4L, IEH X
HE2H | AEAIZH (1.0 mmol/L H,0,) FZ54 -+ FigH (%
e B A 100 ng/mL Fl 400 pg/mL BBP- 1 . BBP- 11
F1 BBP-M%) DMEM =R FE3E) o 538 A%
BEIEHINE] 50% ZEAT BT, BRES FH4H R EH X FR2H 41
i H A4 4L h i A 1.0 mmol/L H,0, #E4715% S 4k
B, ACPREER)S, 45 I . 1R X RRA FTSERIZH in A
ANE NG ML ) DMEM SdlRE 353k, 2591 midin
A e B A 100 F1 400 pg/mL BBP- 1 . BBP- I #l
BBP-M1) DMEM 5E4=35: 353k, F CO, B35 48 4k
LEREIR 24 h i, DL CCK-8 v 40 i 4 1 %, P4l
AN ) B R JER T HL,O, 35 5 4l i34 5 R ARk 1)
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1.2.11 BBP- I . BBP- II 1 BBP- X 45 4k45i155 1L.929
AR g1 ZUBE Y I BH P R A 52w R Al L 1<
10* M/ FLEYEE BEREAP R 6 FLAR b, duisr 4l ANy
FEWARF 1.2.10, 40MiZ: 1,0, 55, 259+ idl
JOAHE A 400 pg/mL [ = Ff £ SR 43 25 alifb 2]
Gy, AREEREFE 24 h, F IR p-2l Ui (23050 S i
CER DS WP Q10 R i P 3 2N SR Gy o = A 7 G5
TS, BHEEANIE BN i A, SR AT Imaged A4
T BHPE AN & R A B SR 2eoR p-2f ZLVH A il
P
1.2.12 BBP- I . BBP- Il 1 BBP- X 45 {k45i155 1L.929
LN ROS &g pysgm DL 5x10° - 4H /AL i
BEREFP UM T 12 FLA A, 41 5321 RS 3 i A2 6]
1.2.10, IIAMEE S 400 pg/mL B =Fh o 8k 43 25 4t
TR 5, kS5 3% 24 ho 288 ROS ISR St
B A5 v A 2R AR AR T ) T A TR, L GSH H
X R, FI 2 D RR R SR 14U (ROS ) 2
5 P (B O'1G 488 nm, K HEIEIE 525 nm) .
1.2.13 BBP- 1 . BBP-II il BBP- %4 4kfifsi 1929
AR HTEACFEPRAIEE I $2 1.2.10 g7 B3R
ALBRANAE ., 4B MDA, SOD Fl GSH-Px % & [
e 2 BRI S e B, 43 5R FH B RS . WST-1 3540
BRI R T o
1.2.14 BBP-1 . BBP-II il BBP- %4 4kfifsi 1.929
ANMIAL R EE A4 OS2I $42 1.2.10 FR AT G 3%
FNALEEANA . 4P T YN 7Y i I 85 1 5 = )
B RRG & UL, YR XTI R A2 -
1.3 HEAIE

REASLYG A ek WP b, g5 R DI

35S () 35

{H+bR1EZE (SD) KRR, >R Origin 2024, GraphPad
Prism 9.0 #AF 4 M7 SE 5 85 P IF 25 [, R ¢ K g ak
FAFEIZR 40T ANOVA 34T W 2H 5% 22 20 B0 = ] 19 22
S, DL P<0.05 Fon2E R R, DL P<0.01 #oRn2ES
[T E

2 GBR5SH

21 BEiba&tZREIR T Z ML

2.1.1 FEHABGFHTHEE  BEfAHER RE H IKE#
MFRECT . TN [RIER g R R 5 SV E
7SR 225, AR AR AR T (0 B8R A K e R B AN
[7), B = D REH A AR, AR e &
H/ AN B, sl b Ak A A R 4R
AU P — P AT 4 22 53 301 B 2 1 T TSR s e
PRLHCAS BT LA BRI 1) /K e A STk e g CRMA I
J1. DPPH H i 5L BRiETE) RFa bR, fiist il /b
G PEIR SR F . AR IR RS R A& 1 (a) BT
TN, TEJTE Y 5 Fh B i, JRUR B 1 i 2H K A
BE . BIRJE J 0 DPPH H i EyE BR G e fem, 439
g 21.70%+1.19%. 0.21240.006 F 24.54%:+1.64%,
R A5 XU B, [ g Ay S 90 R T /5 258 5 .
2.1.2 WU BEXT KR B ALE AR IR Ty sene & 1
(b)) 3B T AR R M B S 7K S B LA 5 T i,
RHEE TR 5 AT 18 D, R ) 7K i B IR S T 3
SeFE, JE AT AR IR 4% B, BaA R T ik
e {H 0.22520.012, /KA 26.91%+1.51%; b
AP AR SR S B, IR S BE LS [ J 3K 0
BH ALk, DA EH S B O T RN, dksas Ry
e 5 B Tl S N FR AN RN, RIS Tk G B YR
IR, VAR BA R 4%,

2.1.3 pH XK E RSB IE S msem & 1(c)
TN P R K SRR RS pH BT JCHH B ARk, T

a fi i —— K C —— K
@ 025) 30apm, = 04 (930 TEH s
0.20 25 | WDPPH T i1 7y 302 30 AA YA 83(5) 25{ f 4B AB e B AR pe g
3 = jauts = B . o= i\*—‘i\}/l/'_‘]\{/{
R 15| S 20 sE gt R g e g 04
i 0151 5 208 gy 200 gocbeoddg S0 & g 0.3 I
= 15 o= £ - 1020 o 15 V.4 2
M o10]x 158 w15 015@& N )
@ 10 = 1o L8 3102
2 2 10E 210 22 ! 2
0.05{ " m 010~ ¥ ol
' > 5z 5 0.05 5 :
0 0 A 1) = 0 0 0 0
SN O VN O n o n o
Q@é@»@‘é@‘@@‘ A 34 5 6 7 8 DAV IR S 1D
JEPIHRE (%)
N $F
0.40
035
0.30
0.25 E
020 o
0.15 3
0.10
0.05

40 45 50 55 60
R (°C)

B 1
Fig.1

0 0
1000 2000 3000 4000 5000 1
JinfiE (U/g)

N [5] PR 28 08 L > £ SRR 7™ ) /K it P BT SR A RE T R 52)
Effects of different factors on degree of hydrolysis and antioxidant capacity of Basa catfish swim bladder enzymatic hydrolysate

e (a) B HEFRZS (b)JEWIIREE; (o) pH; (&) BRI ; (e) Nar; (f) AR A]; ANF 73R 22 5 B3 (P<0.05), K1 2. & 4~1& 9 [F].

2345678
TS (h)
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3C, 4 By TR H A S I AT T AN R DR 95 -

BB JE 1B R, 24 pH i 5.0 BsF, BRI A SR
JE 18, A 0.36320.009, ZKFFEE A 24.20%+0.92%:;
ARSEHG K pH B, H TR ES TR Gl pH, 2R
I PEREARGEE 22 0305 , AR TR SN 04 700, Ak
& pHS.0 R E AR pHo

2.1.4 BRI XK fif B LSO IR D s & 1
(d) SN B A I A7 B RN i T S B 2 e R
AR = R BT B AIR A e 3, MR S 50 °C
BT, Tl A = 0 A 7K BE S B e i (. 24.41%+:1.28%,
SRR JE IR B F R(E 0.237+0.008, RS4RI s
L TR ) Bl TR, U RCR BRI, It
PERIRGE RS A 50 °C.

2.1.5 inff XK AR EEFLEE I pgszm 1& 1(e)
N Bt A I i PRI, TR A 1Y) K AR R R AR
J1 2B TR R B TR R R, SN
4000 U/g s, il i W% 0 7K Sk BE 28 22.86%+0.80%, &4
WIE TSI 0.261+0.012; kLI =N, B r=2h
IR ARG R 7 T0 2 AR Ak (P>0.05 ), $HEI AT S
YRR BRI SE4r, I, 255 2% RO A
it AR ) S, e e AR IR 4000 Ul/g.

2.1.6 A sk Ta] Xt 2K e BE ALV IR 1 s 18] 1
() 7S SR ST g i 5 Tt s 8] P B S B S e T i Je
FEAR Y A B, MR R] A 4 h BsF, B 400 1) B A
JEL IR, S 0.245+0.008, MK AR RE K 24.71%+
1.65%, AL SE K Wil fire F A1), JREAAE =4 1A 2K e R A T
SEFE H G B E AR (P>0.05), T S04 5 7 B Wi REAR,
TR IR R AT B A IR A TR) L, 80 HA R T
RE 1 Z2 K Fl I i add BE B oy fr i SRR R 22 T
PR, S ECER T A AR R T 2 TR, R ik
PEEAEBAETE] A 4 ho

2.1.7 WA EGRIGLE R FERA DR SLEh i S 1, SR
JH Box-Behnken &3]0 L fiiaGae:, DB TE] (A) |
Fif i A (B) AN (C) SiakBe s i, MR 7 ()

# 3 MRS R

Table 3 Design and results of response surface

S g (h)  BERELRZCCC)  mEER(Ug) Bl
1 5 50 5000 0.413
2 4 50 4000 0.413
3 4 45 3000 0.352
4 4 55 3000 0.358
5 4 50 4000 0.408
6 5 55 4000 0.362
7 4 50 4000 0.416
8 4 50 4000 0.419
9 5 45 4000 0.354
10 5 50 3000 0.372
11 4 50 4000 0.397
12 3 50 3000 0.366
13 4 55 5000 0.386
14 3 45 4000 0.346
15 3 50 5000 0.406
16 4 45 5000 0.373
17 3 55 4000 0.359

SRR, SEAT = DR 2E = KRG e o 1T, A5 5)n
R RGBT M A IR LR 3.

il Design-expert 9.1 FA4:X1 % 3 AEHRIE1T
LA Fr, 1581 2 G BT J7 2 28 : Y=0.4107+
0.003A—0.0052B+0.0165C—0.001 AB+0.0005AC+
0.0018BC—0.0167A>—0.0386B*—0.0049C>, X [a] I
PRI T O 225347, 53RN 4 R, BN FA{E
A 18.78, P<0.05, FeHHIZAR Y i 287, 7 55 S bR oo
A RAT, BEIEAA Sz ik L v Fa Ao it it ol e o Pt )
(V] | A A s 58 AR il 22 [R) 1) 26 3R 5 SR BT PR
0.6919(P>0.05), FHXT FaliiR 224 b 25, Yi AR AL 5
SEBRBHRIL A BT, REASAR 4 b /2 BB 1 LS 1
It B PLE %N R?=0.9602, 134 #5550 GE i 4 AL Tl
) B P £ £ SRR P B GBI I T o R, T DA
WA R B Al T2

F 4 ARy 22500
Table 4 ANOVA of response surface quadratic model

FEKE FHEM AHRE B FlE  PEH  BEH
TR 0.0105 0.0012 1878 0.0004 3
A-BEFFITE] - 0.0001 0.0001 1.13  0.3231
B-Ff#IRE  0.0002 0.0002 341 0.1071

C-Jinff i 0.0022 0.0022  34.89 0.0006  ***
AB 4.202E-06 4202E-06 0.0676 0.8023
AC 8.100E-07 8.100E-07 0.0130 0.9123

=l

B W O o e e e e e e e

BC 0.0000 0.0000 0.2144 0.6574
A? 0.0012 0.0012 1891 0.0034  **
B? 0.0063 0.0063  101.12 <0.0001 *#***
(o 0.0001 0.0001  1.60  0.2468
2= 0.0004 0.0001
JAI 0.0001 0.0000 0.5184 0.6919 A3

4R 0.0003 0.0001

SR 0.0109 16

e #0FEP<0.05, #*{{EP<0.01, **+*{{3£P<0.001, ***+*{{,5£P<0.0001,

RN 53BN R B B AR T i 25 2F oAy - AR B 1]
3.86 h. W F 50.45 °C. FES I 4964.30 U/g; Fit
BRI 1A 0.422, MRS SE PR il Ak B bt T AR
P, VE B 2SS B R E] 3.90 h, BEESINGE
5000 U/g, #EJE 50.50 °C, LVEHE S 5143047 3 Ik
SPATYEUESE S, WIS SEBR B )R 0.42620.011, )
RE(ERRSE . 2/, IEIZEE G H 4%,

22 BibamEsERRREIMIEIEE

e B Sne AR ) A8 120 S5 1 345 B2 Vb £ 0 B IR
(Basa Catfish Swim Bladder Petide, BBP), Kl HA4<
Sk A ELERRAE ST, a5 R AnE 2 s, B IR 2 A,
BBP £ B AT R B R A iAsh B b 25 %R
F1. Hirp, BBP X} DPPH- 5 R GE J1 i, FEHREE
>4 20 mg/mL B, X DPPH- TS RAE 11355 86.62%,
ICs, fHN 2.259 mg/mL; HRXS T O, - HUE RIF R
" LIS #] 66.64%, ICs, fH N 4.767 mg/mL; X} F-OH
MTE BREE 1 2R BNAR 22, S BE R A s T R A ITE
RBE TSI, 5 Vo XTRELLHY 1Cs, {H 0.046 mg/mL #H b
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Fig.2 Free radical scavenging ability in vitro of Basa catfish swim bladder peptide

TE: (a)DPPH FI TG EREE 15 (b) 4B RS 7~ A ti3ETEEREE ST (o) 2 A AT BREE ) .

A —E 2200 2SR SRS 6 2 P Bl A £
AR AL E AR, HAEHEE 20 mg/mL B} DPPH-
5 O, I BRI HEIA B 71.4% Fl 63.6%, 1Cs,
{B A 8.29 FN 5.03 mg/mL; ¥ 5% W 4502 ] F XUk 2
F1 A ) A5 B 0 B IR, ZE MR 30 mg/mL Hsf X
DPPH H i ZE M 7E B ZF 1] 15 3] 81.27%, 1Cs, [H N
8.05 mg/mL. %% |, BBP GEWEA RHLIERR H H 2, 2%
SR T H At o 2R Y05 ) fr BT, S R AP AR IR
SV o
23 Bia&IEERNSFENT

25 WoR T HERAERH A PRI v fath
SRR ST oA Ot o T BT FH 4 XU B
B & 1T YIS S NIRRT ER, DB AR
TR P RCEE PN I e, Sl /K A R D 1)
Shy g IR A B s AU I Z2 IR 1) N-3is sl C-vitiik 2
VI AR, Ro8 e 25 2 B MR, 3 A ) Bk A A Lot (e 75
TR )2 05 TR AT R, ngk s
FT7R, AR A 4T R AR AE 3 kDa LAF, kb
99.307%, Hoi<1 kDa FYEEAK T HL R 78.921%, Ui
A7 FHIRUBR 25 1A i B A 58 Ry 70 4 Hb /K fie 2 v £ B3 RE
JREE H, B e o T A S R AR T2
(<3 kDa) IyIX[H] .

#®5 EibmmEEksy R
Table 5 Molecular weight distribution of BBP

434 (kDa) TR E 73 (%) )3T (Da)
>3 0.694
1~3 20.386
729
0.5~1 39.897
<0.5 39.024

24 BEibamEIERMNS B

1T BBP Y4 i 250 AGTE 3 kDa LL'F,
AR SR FH Sephadex G-10 EERAT: X B2 b £ i 622
ARHATIENT /8 . FEERSMIRIKEE S 280 nm &b A&l
VELr= 2 R, 2 BRI 25 SR s il e e ith £, 4%
RANE 3 . ARYE 280 nm ALY HZE, BBP #¥
A3 P BH S A0EE, Sh T ERGR vt Ak P R T
FETIREN B STF2 BE, 50 R B i 4y

ST EAN [F P F S HEA T 5, IRIRAESR 27~30.
37~38. 39~42 min XJ P LH o3 AT IREE , X AE E]
M) = v i P AR BAR YR i 45 4 BBP- 1 . BBP- 11 I
BBP-1I .

0.4
0.3 BBP- I BBP-TI
QNO.Z BBP- [
@)
0.1
0
0 10 20 30 40 50 60 70 80 90

A (min)

K3 bt ek G-10 HEAEERZ e bih 2
Fig.3 Elution profile of BBP on the Sephadex G-10 column

2.5 BBP. BBP- I . BBP- Il #1 BBP- I B9 & EERLA MK

Z IR A T A S R 1 2 B DT AR G, 2K
TR AL A S H: R JEHIAT G, WsEAZ M S iiles . &
IR 7 A TGAMEE . DRI A 4504, % A5 e 2 Bk i
(BRSNS R AN 2R ) BEA R It e 8 [ 3%
T RFEE 15T, I RIFEPUEAEFD . SRR
IKPERIE Nt U BH AT ARG i HAE AR 5T v TR, A
TP A AR, A, 4l S FR Bl IE I e 2L
B KM | AR NS E B E A AR SR Y [ HR S
4R ERT, BBP. BBP- 1 . BBP- 11 1 BBP-1II 19 %
FEMRLH M AT4h N2 6 s . 450 Won, S5m
£ K (4 2H AR, BBP K — P43 B 4lifh 4 4319
SR Y H I . IR . AR . TN
TR AR 2R, (R U 22 K (81 S SRR L A —
25 . BBP- 1 RGN & i, N
2.079+0.127 g/100 g, BBP- I i 7K &8 M2 & i i
=7, N 50.055+0.713 /100 g, 42 &5 Mk & BBP-1I
(49.226:+0.659 g/100 g) . BBP- 1 (45.915+0.802 g/
100 g) 1 BBP(41.908+0.747 g/100 g) . A, DUfhz
BRI ZH R & i), 5 BBP- 11 W 2H 208 & WA
b, Hqy = Fh ik J0 i 35 25 57 (P>0.05) . iXEEXJiR




%4748 % 13 O, B m AR s R X E AL T A A G R
# 6 BBP-1 ., BBP-II #l BBP- Il (Y& 3L MR 2H (/100 g)
Table 6 Amino acid composition of BBP- I , BBP-1I and BBP-1II (g/100 g)

BIETRRE BBP BBP- | BBP-1I BBP-1II
KA H R Asp 4.289+0.127¢ 6.151+0.132° 6.055+0.108° 6.476+0.116"

H A ERThr 2.355+0.098° 2.406+0.127° 2.343+0.125° 2.23940.083"

225 [RSer 2.664+0.075° 2.706+0.066° 2.831£0.126° 2.604+0.079

AHEFLGlu 8.524+0.134¢ 10.445+0.156" 11.844+0.138° 9.459+0.142°

H & #Gly 17.087+0.172¢ 18.100+0.156° 23.861+0.145° 22.014+0.186"

A Ala 7.931+0.057° 8.043+0.084° 8.282:+0.096 9.020+0.046"
2B R Cys - - - -

B Val 2.369+0.078° 2.429+0.089" 1.638+0.128° 1.933£0.059"
T il = iR Met 0.758+0.016" 0.8770.039° 0.647+0.027° 0.735+0.032"
SseE Rlle 1.323+0.106° 1.374+0.078" 0.854+0.038° 0.996+0.045"

AR Leu 2.155+0.114" 2.25140.104° 1.170+0.086° 1.474+0.102°

% MR Tyr 0.371+0.016° 0.393+0.021° 0.857+0.035° 1.046+0.066
AN E WRPhe 1.635+0.086° 1.686+0.106° 0.745+0.046° 0.762+0.038"

e Lys 3.281+0.122" 4.096+0.155" 2.536+0.127¢ 2.904:+0.102°

214 His 0.653+0.017* 0.646+0.032° 0.515+0.028" 0.6510.024"

AR Arg 6.438+0.122° 6.517+0.134° 8.016+0.120 10.695+0.129°

Jifi 2 #&Pro 8.650+0.118¢ 11.155+0.146° 12.858+0.147° 12.292+0.151°
FEIf 2R Hyp 6.055+0.123° 8.701+0.097" 9.013+0.101° 8.851+0.120°
DR & 76.538+1.581° 87.976+1.722° 94.065+1.621° 94.151+1.520°

TE: —FRRARR Y, A —ATH AR 7B R 22 5 .3 (P<0.05)

Z RS IR 2H B 1 22 53 ] BB 1E & S BRI AN [H]
PrEAL G PER) B R A . Li Z520 | ZsREElRT) AE 434
At £ SR i 2 FEPR ZH B AT AS 2 T 2l 25 .

2.6 BBP-1. BBP-1#1 BBP-MIKAFEST
L vb o B R 42 Al A 45 2 0 = Fh 4 53 09 45
AR IF AR 7 Fras . BBP HORHER 4 AKEBE Y
SrFHTE 3 kDa LA, HoPHE 1~3 kDa BYKEL 5 [k

7 BBP-1 . BBP-II Al BBP-I 5T &5 7
Table 7 Molecular weight distribution of BBP- I , BBP-1I

20.386%, <1 kDa FYIREE i bhik 78.921%, J& T4 K;
sS4y Esaifb /s, BBP- 1 KB - F &2 B2 A 7F
0.5~3 kDa, 24 55 &A1Y 90%; BBP- 11 #1 BBP-1II ik
By TR FEAAGAE 1 kDa LA, BBP- 1T FF &2 ik
F i FE 0.5~1 kDa Z [f] 5 kb 61.417%, BBP-1l <
500 Da FYZ K 5 Lk 2] 42.128%, FRHHZ: Sephadex
G-10 XJ v I TENT 0 B s, Ry fa s
TR AT T = FEEBAFRIZIR.
2.7 BBP-1. BBP-II #1 BBP-Ml BinE AN

%t BBP- 1 . BBP- I #1 BBP- Il i{Ash [ fh L i

and BBP-1I R AE JTHEAT LA S BT, S5 S AN IR 4 IToR . Bl T s
) ST LR (%) A3, BBP- 1 . BBP- 11 #1 BBP-1I X} DPPH-. O, -
Befh TR (Da) e o e o e oL o e 11 e
<500Da 0.5~1kDa 1~3kDa >3kDa F1-OH 11 B R Wi v, Y2 80 B4 19 503l
BBP- | 925 9503 58471  31.899  0.127 KFR, Hi, =A% B B BEVE R EE 1 R/NHEF
BBP-1I 809 22022 61417 16.561 0 ¥44: BBP- | >BBP- 11 >BBP-1I. %I BBP- I 414%
BBP-1I 640 42.128 49.179 8.693 0 W, Y a5 20 mg/mL B}, DPPH- 3 %
(a) ~ (b) (©
— CIBBP- | s 100 ) o I
& 100 {&Bo0T 5 100 ~ gisr- I
Pt Vo & < 80| ®mv
g 80 T 80 SN
i 4 & 60
4 60 = 60 b=
£ 40 A T 40 . * 40
= 200 = 20 w 2
A oIl R 1111 ® 121321 0 ] 11 7
0102505 1 2 5 10 20 ¥ 0102505 1 2 5 10 20 0102505 1 2 5 10 20
e (mg/mL) e (mg/mL) e (mg/mL)

F4 BBP-1 . BBP-II fil BBP-I {441 [ i3I BRAE T
Fig.4 Free radical scavenging ability in vitro of BBP- I , BBP-1I, and BBP-1II

7: (a)DPPH A HFEIEBRAEST; (0) MEHE T A hILTERRE

EJ; (o) B hEERRRE
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IRFFe i 80.96%, 1Cs, {HM 3.049 mg/mL; TEAH[F]
FER, BBP- I i H H FEIEBR %N 67.77%, 1Cs, HH
5.517 mg/mL; BBP-TI /19 %5 B R EAK, 1N 62.55%,
ICs, fH>} 9.411 mg/mL. *F O, -i5kRAES], BBP- 1
7E 20 mg/mL I}, O, -1 BRFhem, Al LA 65.16%,
ICso fH > 10.21 mg/mL; iZ ¥ £~ BPP-11 #1 BBP-
M) O, -THBRFAT AN 54.85% Fi1 50.39%., —# )
AR S I BR e 77 14 W I T X DPPH [ Hy %
P RAE )1, HLAERHR S NI SRR T8, S E
AR EE LI Ak, FHE T X% DPPH-
O, - BRI BREE ST, =Rl 443X A iR RL A3 e
FIEAREE S, (R EIRE] 20 mg/mL B, BBP- 1 X
-OH YIRS 1N 37.91%, BBP- 11 #1 BBP-1I
P VR 154 32 ) 43 501 Ky 31.97% AN 27.85%, 14K ik F
50%, BhAH = %1 -OH MIIEERAE 1A R . Ak E,
BBP- | 7 =Fl' & B F:3& R AE J1 h R L L e UiE
P, BBP- 1T %z, BBP- T 55, iX— 434 nl e 5405
[EIRAAET N, S Faae o3 AT RS PRSI S 22 S G,
2.8 BBP-1 . BBP- Il #1 BBP- Il RU4AAREMITEM

Sk PE M B v R = A 4 S sl Ak 2H Sy
BBP- 1 . BBP- Il #l BBP- I 24224, SR CCK-
8 TEAGIM = Fr 2H 43X /)N BRLER B LT AE 4B A (1929 41
JifL) PR FE R A SE I, 25 SR aNIE S s . 5 A X IR
ZHAH L, TEM)E A 10~600 pg/mL B X JE] PN, =40
3% 1929 I iy MG 5 A48 100%, >4 BBP- 1 |
BBP- Il #i1 BBP- Il iY¥ EEFE 50 pg/mL LA _EBF, =Ff
ZH 43 et ) 25 7 F 40 B G 5 (P<0.05), >4 BBP- 1
BBP- 11 #1 BBP-TI ¥R EEAE 100 pg/mL LA _ERS, =Ff
ZH A3 REfE I W 2R IE A I SE (P<0.01), FFFEH
FhvE B0 WY W AR =R DG R . FHorh BBP- 1T X
A BB FE AR E4E FH B BH ), e il AT 200%,
BBP- 1 5 BBP- I {i¢ #F 1.929 41 i1 114 3% 5 B vt Al
ik F] 160% L -, %84 BBP-1 . BBP-1I 5 BBP-1I
BITeHIfERETE, I BTG E A A 2 R R .

OBBP- |
240 @BBP- 1l a
= mBBP-1I Y
g 200 g %
¥ 160 o
i / /
. n
4011/ 1
/ |

(=]
=

50 100 200 4
W (ng/mL)
€5 BBP-1 . BBP-II Al BBP- I %F L929 45 1520
Fig.5 Effects of BBP- I, BBP-1I, and BBP-1Il on prolifera-
tion rate of L929 cells
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2.9 BBP-1. BBP-II #1 BBP-M&#B%E H,0, S
Y 1929 F=Z ARV LRREIE 11
T RFE vt IS AT BRI e AR Y

AIZMMETS 77, AL 1.0 mmol/L H,O, #HE37. 1929 4ijiy
TEEAFORI 2 pE 5] H,0, A EEAO 41 I S AR R 25
T An LRI 5E, ARYE 2.8 T AYSZIR LS IR, e PERENS
B A T 20 O 5 (P<0.01 ) Pt {EG R 5 v 791 e SR 4
5% BBP- 1 . BBP- Il fil BBP-1Il X %53 1.929 41 Jifg 1%
LRy VEH, T 400 mg/mL 5 600 mg/mL AL G
JEEXHIE E S 2 A MG G 8O T i 35 25 5 (P>0.05),
LR B EPE 100 mg/mL 5 400 mg/mL FRE G Hk
FEXT AT 5%, 25 R ANE 6 B . 515w 4 IE
ZH 40 ft AR Bk, B A 2H 40 M BY B BE R I 3 REAIG

(P<0.05); S5HBIRIZHAH Lh, Jin A B b Ao fa 8RR 5525 4l
ALH 5315 37 0 258 T PR A AR NS 1 18 F 3R ARtk 25 4
JH(P<0.01), H, BBP- 1 . BBP-1I 5 BBP-1I 1k
W BEZH (100 pg/mL) (Y 4 MG 58 PR 3 T 1R R
Xt R 7K, 0 5 IEEXTBAR A B FE X5

(P>0.05), T BBP-1 . BBP- 11 5 BBP- I {Y & 4k )&
£H (400 png/mL) AH%E T 1E 1 X B ZH AL AU 25 14 HAR
Giitar i X (P<0.05), i{S £ 400 pg/mL (254
T BT AT . AR T 2.8 T RIS AR
100 mg/mL 5 400 mg/mL 25%) T FiH, A7 A5
2501 FRZH A A 20 G A SR A B T — R
AR, UaBH AR HRA 4 H B 1 AS AT 38 O i A= e f5
W, AE— B R H,0, WS4 A T3k
. LI ESEEERIA, BBP- 1 . BBP- 11 5 BBP- I fEf%
RS HL,0, 75 S 1929 2 E 40 MY 4 i
XA AT B —E A EA .

1607 22100 pg/mL

140 { ©400 pg/mL
S I
Qf’ 100 7 s
;ﬁ 80 Cb % g
2 60 / =
= o =

20 % é

n -

O d
Control Model BBP-1 BBP-1I BBP-II

K6 BBP-1 . BBP-II fil BBP-I%t H,0, i/ 5/ L929 4ijf
BRI A
Fig.6 Effects of BBP- I, BBP-1I, and BBP-1Il on prolifera-
tion rate of 1929 cells treated with H,O,

2.10 BBP-1. BBP-II %1 BBP-MI &% #0& H,0, i
S L929 fHpERE

B-21ZUBETP B o s T4l Al i 2 KT i —
Wik A IbR AR o R T ARIT IR S S X ekE
MM 2 KA, X H,0, 5 S I3 1929 4ii
HFrf) p-2 LB B YL U BHME R AT TR . &5 5R N
Kl 7 Wras, 16 H X RRZH i g g o BHH SR BRI, Ho
MM R Y 12.5%, 5 1E & X B AR B, 455280 20 40 ity
2t H,O, W5 Je o a5 W2 TS, 14531 67.8%
(P<0.01), W] H,0, lI1iHES 1929 4UFg L T L
T AN M e AR R SRS 20 AH e, &2 BBP- 1
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3C, 4 By TR H A S I AT T AN R DR 99 -

BBP- 11 71 BBP- Il 4 ¥R )5 4T 4% p-E 2L B Y
£, 240 it BE 1 23R 43 5 T B = 36.8%(P<0.01) | 46.6%
(P<0.05)F1 40.7%(P<0.01), ¥ EA G H 240 X H:
Hr, BBP- I FEEREE Fe K, GSH ZHBERE (IR = 4%0T
TEHE SRR FiRE IRy, BBP- 1 . BBP-
I 5 BBP-1I G &b 1EZE H,0, 5511 L929 4l fify
¥,

&

IE P Y
F F I

/7 BBP-1 . BBP-II Al BBP-MI%t H,0, i/ L929 %%
M -2 FUETY B (B AR 50
Fig.7 Effects of BBP- I, BBP-1I, and BBP-IIl on the positive
rate of senescence-associated f-galactosidase staining
of 1929 cells treated with H,0,
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