140

FOOD & MACHINERY

DOI:10.13652/j.spjx.1003.5788.2023.60052

FI9BEIH BE 2638 | 2023F 98 | RARSHM

[ X #45] 1003-5788(2023)09-0140-08

4R 52 iE IR R XY BE D & S K M U 0 B AR 3R 4B

Protective effects of Procambarus clarkii shell bioactive peptides on

oxidative stress injury of zebrafish ( Danio rerio)
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Abstract: Objective: Explore the protective effect of Procambarus
clarkii shell bioactive peptides ( PCSBP) on oxidative stress
injury in the organism. Methods: This study using alkaline
protease hydrolysis method to prepare bioactive peptides and
measured their antioxidant activity in vitro. Subsequently, the
protective effects of PCSBP on oxidative stress injury in zebrafish
under fasting stress was analyzed. Results;: The PCSBP showed
potential antioxidant capacity in wvitro, with scavenging rates of
DPPH radicals and hydroxyl radicals at (46.35+ 1.32)% and
(75.224+2.18) %. The final body weight, body length and muscle
amino acid content of zebrafish were decreased under fasting
stress, but the growth performance and muscle amino acid
content of Zebrafish were effectively improved after taking
PCSBP. The muscle tissue structure showed that the myofiber
gap widened and ruptured in zebrafish after fasting. The myofiber
were arranged neatly, with complete morphology and structure
after PCSBP ingestion, and no obvious rupture was observed. In
terms of anti-oxidative stress, PCSBP significantly enhanced the
activities of superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase ( GSH-PX), and glutathione ( GSH)
and also decreased the production of

malondialdehyde (MDA) and protein carbonyl (PC), which were

content in zebrafish muscle,

oxidative damage indexes. Further analysis revealed that PCSBP
significantly up-regulated the expression of antioxidant signaling
molecule nrf2 mRNA, down-regulated keapl expression, and
expression of downstream

increased the transcriptional

antioxidant enzyme genes, which effectively ameliorated the
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oxidative stress damage in muscle of zebrafish. Conclusion:
Bioactive peptides derived from crayfish shell has a protective
effect on oxidative stress injury in zebrafish and can be used as a
potential antioxidant.

shell; bioactive peptides;

Keywords: Procambarus clarkii

zebrafish; oxidative stress; protective effect

8 KR MR (Procambarus clarkii )5 FR/N g BF , 2 IR
K ZEFRURSS  H P 0T A R OE S8 BB SR MM E T Z A
T2 . i EAE 5 b e i 5 IR 0 2 7 F1H
B [ AR 7 AR RO T MR S 4R R R L 2 KR 4 | R
SRR TR 1SR 0 I L e i S W e
U7/ DI N Y TN e g S R ORE SR /R TR /N
A EE MR, AT AR AL IR 1 E R AR
WA WF 580 K T R A A IR Y B el R BR AR 0
I JFRE T I A B R B E AR Oy . R, TR
T 5 PR B R R 5 K 0 TF 9 3 B 4R v AE AR S T AR T
TEH S TS LA P9 B0 S AL I SR B AL i T 90 & A 0

H: M) 7% PE K (Bioactive peptides., BP) J& 1 28 %& ik jifl 1
JRHE AN T B R A L BT, S A 1 BTK A I )
Yy e B R TR 45 5 1 5T 1 AR ) 2 D R L AE HIL MR R B T R
HHEBEEAEMY . CAPFIRGE . RS YRR R
PRI PR AL BT R H  BE TR SE RE RS AW
T P T A RO B A P A R T AR DR A
FZRRLAAR Y T B 25 ¥ R D) RE 0 W] 02 o 8 4 Ak ) B AL T
FA DR H ok 2ot 4P 0 8t 0 1 5 LA B R AR AR BT 2ot R AL 7
T B FE AR LR B 52 S I S A b i A TR
PERIT T Ak R AL P — o 3 0 SR AL 38 2R
R T 2 0EE A A S XL A B2 R B
EW R G338 A T L 5 e A0 Y S RE L AR
EFHARBGRER R EMEERNEZ -1,

WF5EE R B Wt 28 B UL IR 26 1 11 5 1 A 4 0 K
X AAPH #5519 Vero B JUET 4 240 a4 4k b i A
PRAPE T . £185 1 B3 £ 5 Ik AT LR B SR e 2 HL O, 1 L
il F15E SM LR BT SR M AR BT . R IET A b
BU A AL K R B g A A AL W B AL Tl T L B AR AL B T
I e T S R 4R P i P SRR P A i LA T B A
B A Ay SRR A AR PE Y T bR T
TEGADRL P 8 I3 i) 65 £ Ik B R T R B R A
F18 T A O TR R U RE T L R LR A A O A — s
BE FARTFHALP SR B . Liv %070 % BUAS R H 0k mJ 3 35 o A
SEIEGUAALBE ) X G 208 U5 S 00 T 1B UE % 495 0 A M
FT- AR ER . A BRI & B, H AR i aR
ot i A g BB (R B T AR KL BRI Ho BT AL g
B DAY AR R A 45 T AL R . DF 5 0L F
TR 7 32 T s 0 6 99 A OG0 S AR ST AR L O 43
BT H LIS IR 5 05 1 RO 4% B D38 T B D £ 0 A K R RE

BHEE NEEFERIRI &L BBRGHRFER

UPR R o e VAR 4 24U 8 R bt R AL fig
LA Ay B 6 48 Ak IO SCH0 A% 14 A 0 4 (LA 4%
1 dRHSJ5i%
1.1 #R5iRH

e, PG 2 R 7 ) < 9 A A K™ R 2 B ST 5

BEE 10 :360 2, W16 F ¥R E 2 (0.46 £0.02) g. K&
B K A S8 5 5 T AR W R A TR I

Bt I R} L OHTR AT R R R B A BR A D

B W20 7 U/g Ut R ER B A RA A

L I-T2R 3e-2- = R JE R k. 9826, db 3 | R WA BR
NI

oK U TR 4 - 43 B 40 245 5 AR AR A PR R

SR ALY B | o A SR A DE kA A
il A J R 2 K LR R LR R O R I A
B R A TR ST

RNA 1 #2X %] . SYBR Green qPCR Mix: 2544 24 ¥
BHEERA A 5

56 8 PCR 1Y) FAM AE AR (R A RAH .,
1.2 REH*E
1.2.1 BFSE I PR IR 48 BRSBTS e T SR
FRER VTV 8 B 5e [ B R 72 2 11 (PCSPY L IR Ho B
Bl e, 7E pH 9.0,37 CHEMT K muyemn * Vi =1
20 (g/mL)¥UF 5% 8 [ 57K R A 8Pk 8 AR 0 &
4000 U/g, K 3 ho ¥ KM= 40 B F 96 K W A
10 min ff B S 36 IR RS B F —20 CHIVR 12 h 5
AT RGET R, RIES O R PHEE —60 C, 1%
i 10 Pa 2 45, T4 48 h, 4RAF UF 58 15 1 Bk (PCSBP) % T
B IR AR AN AR TE A, B 1, - OR -2
SRYFIEENE At 3k (DPPH « )R A B 3L OHD WS IR fg
3543 A HAR S BT 8403 P L I o AR £ 5 — e 0Bk BT 3%
(LC-MS/MS) il 5 KR 72 15 1 1K 41
1.2.2 I SRS B BEE 360 B P A
RS /N A — B B AR R B It ) s F S R E R
(0.464-0.02) g, ¥4 H Bl AL 43 24 IF % 4 (ND) 25 & 4l
(FA) B E W R SERE AR 41 (FR-ND) #1125 & 5 ¥k
55 PR MRS5S IS M K H O 4 (FR-PCSBP) 4 A4, 4 4% &
SAERHAEE 30 Bfa., MOAERAKFHAS
H 3R KRR FETE 24~26 C, SR HUE B 4R SR i L 33
JHWIR 14 d.
1.2.3 BESfu KIS RIIAERR ST ENE RKE5
TG+ 43 AR 45 21 BE e AT PR TR L 15 A I R
LR AT AR AR A SE IR B o 43 T U8 72 1 1 B 4% £ Ty
JE T BE T A K PR RE Y S B IBCBE T e L PR 41 21
50~100 mg, F JHZFRR A 3l 40 7 AU & 24 F R & fF .
1.2.4 LAY LUEES B mrte  TUB et LN 44
FH 4% 2 5 RS & 2 W I E 24 h U5 . 4 A D A 9 ok

P ?ﬁurﬂv

141



142

&3 5% M NUTRITION & ACTIVITY

TFHARE—FL(HE) Yo, 20 62 BB W L 4l
UL 1 mm’® RN ZUEF 2.5% )% = # [ &
‘(&EP@t,ﬁﬁﬁmﬁfhﬁﬁ[ﬁ]hﬁ:ﬁ?ﬂfﬁﬁﬁﬂlﬁ’Fﬁlﬁﬁr?ﬂfé
KT SRR GNTE FRT R TR A e £, 3B S H B LA L IR
AR I R A IR
1.2.5 FUEAY B K AL LR ARl 2 FRE 100 mg
WURIAE b gy * Viemgr =1 ¢ 9 (g/mL)HﬁfﬁMﬂ/\ﬁﬁ
R K L TE VKR 6 T TSI SR GHEATH R S 3. 4 C
4 000 r/min B> 15 min, 5 17 {@zf*ﬂﬂ' SR B A
B W TR 5 BT 4 AR 1 4 70 6 I UL P O AR A A B AL
i (SOD) | it 46 1k & B (CAT) . 48 e H ka2 & 1k 9
(GSH-PX) i # FI 4 e H Ik (GSHD 5 42 » A K %604k o7 3 3

£1 EHEXE

BE 2638 | 202349 8 | ARSHIM

BRI R (MDA) R 1 BBk B (PO) %

1.2.6 BT S AL AR SCHE N R 3k 2 A Wﬁx%ﬁﬁ}ﬂﬁ‘]#rﬁ'z
50~100 mg, % ] Trizol {3 EUE RNA, 2 1% 315 b ik
T8 kR N S w5 5% 5l cDNA, f#i il SYBR Green qPCR
Mix X 7 7£ Bio-Rad CFX96™ £ 4t v 3 47 $71 48 1k AH 56 3k

A (nrf2  keapl . sodl . sod2 . cat . gpxla.gpxlb. gpx2.

gpx3 . gstal \gstml . gstr . gstzl \gsr) FIRMMT, % E B
PCR 5 #)¥ 30 n#k 1 iR,

L.2.7 geitor#r AR SPSS 18.0 A #E AT B R
75 24391 (One-way-ANOVA) 5 B MK 50, Ir A 548 3
DA 3548 = bR 32 22 %R Duncan 3% 8 52 45 41 1A 9 2 3%
P2 5 (P<C0.05),

2 PCR 3| ¥ &5

Table 1 Quantitative real-time PCR primer sequences

FE R 2 B L) B B /bp TRy
nrf2-F TCGGCTCAAACAGAAGTG 197 AB081314
nrf2-R TCTGATGTAATCGGAGGGT
keapl-F GGACAGTCTGAAGGTGCTCT 135 NM_182864
keapl-R TGGGTGGAAGGGCGTAGAT
sodl-F AAAGAAGCCAGTGAAGGTG 188 NM_131294
sod1-R TCACATTACCCAGGTCTCC
sod2-F GAGCGGAAGATTGAGGATTG 179 AY195857
sod2-R CGCCGACATTCTCCCAGTTT
cat-F CAGGAGCGTTTGGCTACTTC 173 AJ007505
cat-R GAACTTCACTGCGAAACCAC
gprla-F GCACAACAGTCAGGGATTAC 242 NM_001007281
gprla-R CTTCAGGAACGCAAACAGAG
gpxlb-F GGGCTCGTGGTTCTGGGTGT 176 NM_001004634
gpalb-R AAGGTGAAGAGCGGGTGAGC
gpa2-F AAGTATGTTCGTCCAGGTGA 139 NM_001329759
gpx2-R AAGTCACAGGGTCATCGTCT
gpx3-F ATTCACCATCCTCGGCTTTC 155 NM_001137555
gpx3-R CTCCGTCTCCATTCACATCTCC
gstal -F GCCATCCTGAACTACATCG 236 NM_213394
gstal R CCCACGAGGAAAGAAGAGT
gstr-F CGATAAGAAGGAGCACCAGA 178 NM_001045060
gstr-R CGCCATTTCAGCAGGATTGT
gstzl-F GAGGAAACCCGTCCAGAGCC 155 NM_001030271
gst=1-R TGAGCCCACTGAACCTTATC
gsr-F TCAGTGAAGAAGAATGGCAAAG 236 NM_001020554
gsr-R GCATAGACGCCTGGACGAGA
rpll3a-F CCATCTCCTCGGTCGTCTTT 140 NM_212784
rpll3a-R TGCGGAGGAAAGCCAAATAC
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Figure 2 Peptide-spectrum matches (PSM) score distribution and precursor mass error of PSM
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Table 2 Effects of PCSBP on growth performance of zebrafish under fasting stress (n=3)

4151 173853/ IR IATE /¢ KKK/ g PItG R /em  AFREK/em
ND 100.00=0.00 0.4240.02 0.48+0.03" 3.00+0.06 3.13+0.03"
FA 98.330.96 0.430.02 0.3140.02° 2.9340.07 2.80+0.06"
FR-ND 98.3340.96 0.45+0.03 0.40£0.02" 2.9740.03 2.9340.09
FR-PCSBP 98.890.56 0.46=0.01 0.45+0.03 3.03+0.03 3.07+0.09°

T TR R R 28 5 3 (P <C0.05),
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TR A 28 T SR B E K KA S LT 4 HE S A g SRR e 0.58 0.1 0.46 0.60
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Figure 3 Effects of PCSBP on the muscle tissue structure of zebrafish under fasting stress
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Figure 4 Effects of PCSBP on the activity of antioxidant enzymes in zebrafish muscle under fasting stress
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Figure 6 Effects of PCSBP on anti-oxidative genes in muscle of zebrafish
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