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Abstract: This study investigated the anti-aging effects of three ultrafiltration fractions (EPU-1 (<5 kDa), EPU-2 (5~
8 kDa), and EPU-3 (>8 kDa)) derived from the enzymatic hydrolysate of Perinereis aibuhitensis on Caenorhabditis ele-
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gans. The basic nutritional composition of each fraction was determined, and their in vitro antioxidant activity was evalu-
ated based on hydroxyl radical and superoxide anion scavenging capacities. Using nematode as the model organism, the
effects of these fractions were assessed with respect to stress resistance, lifespan, locomotion, fecundity, and lipofuscin
accumulation. Furthermore, the expression levels of gene expression associated with the insulin/IGF-1 signaling (IIS)
pathway were measured to explore the underlying anti-aging mechanisms. The results indicated that EPU-1 and EPU-2
were rich in peptides, with contents of 44.20% and 40.41%, respectively, whereas EPU-3 contained only 4.60% peptides.
All three fractions exhibited strong in vitro and in vivo antioxidant activities and significantly delayed aging in nematode.
Among them, EPU-1 demonstrated the most potent antioxidant and anti-aging effects. Its hydroxyl radical and superoxide
anion scavenging capacities were significantly higher than those of EPU-2 and EPU-3 (P<0.05). Compared with the control
group, EPU-1 significantly enhanced the nematode's resistance to acute oxidative stress (P<0.05) and thermal stress
(P<0.05), extended lifespan, and increased brood size (P<0.05). All three fractions significantly improved locomotor
capacity and reduced lipofuscin accumulation (P<0.05). Moreover, EPU-1 significantly downregulated the expression of
daf-2 and age-1 (P<0.01) and upregulated daf-16 and skn-1 (P<0.05). In conclusion, the ultrafiltration fractions of Per-
inereis aibuhitensis enzymatic hydrolysate possess notable antioxidant and anti-aging properties, with EPU-1 exhibiting the
strongest efficacy. These findings provide a scientific basis for the potential application of these fractions in functional
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foods and related health products.
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Table 1 Primer sequences used in quantitative polymerase chain reaction
A LTI (5-3") S (5-37)
actin GATGTCGCCGAGGAGAAGCAAC ACTGGGGTAGAGTGGAGCTTGG
daf-2 TGAAAGCGAAGCAGCGAGAAGG CGTCCGAACTTCCGCATCACTC
daf-16 CGGGAGAGAGGGACACGCTTC ACGGAATTGCTCAGCCACCATG
age-1 CGCCACGGCAACATCCTCAG GGCTGCTCAATCGCCAACTCC
skn-1 GCCAGCGGACAACGGAAGC GGAACGCCGACACTGGAAGC

#2 WEBIRL M HEAE IR Y

Table 2 Basic components of ultrafiltration components of sandworm

2153 S (%) Z IR (%) SBE(%) D (%) RS (%)
EPU-1 60.55+0.52° 44.20+0.44" 9.51+0.07* 0.76+0.05° 13.84£0.37°
EPU-2 58.89+0.73° 40.41+0.58° 5.64+0.08° 1.14+0.09° 14.73+£0.47%
EPU-3 56.35+0.61° 4.60+0.20° 8.29+0.11° 3.32+0.09° 15.94+0.50°

T FSIAR R TR 2 ISR A G428 5, P<0.05, LA T3kt
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Fig.1 Hydroxyl radical scavenging capacity of EPU-1, EPU-2,
EPU-3
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Fig.2 Superoxide anion radical scavenging capacity of EPU-1,
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Table 3  Effect of ultrafiltration components of sandworm
on lifespan of C. elegans under acute oxidant stress

FefAbHLH 24 51 FH%r (h) AT (%)
X HRZH 2.41+0.04 100.0
G A EPU-1 2.57+0.14 106.6
(1 mg/mL) EPU-2 2.50+0.05 103.7
EPU-3 2.48+0.13 102.9
X HEZH 2.57+0.03 100.0
rhl AL EPU-1 3.16£0.10° 1229
(4 mg/mL) EPU-2 2.710.08 105.4
EPU-3 2.64+0.07 102.7
X HE2H 2.53+0.03 100.0
fayalhe EPU-1 2.87+0.11° 113.4
(8 mg/mL) EPU-2 2.64+0.09 104.3
EPU-3 2.59+0.06 102.4
e * PRSI ¥25 5, P<0.05,
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Fig.3 Effect of ultrafiltration components of sandworm
on lifespan of C. elegans under acute oxidant stress
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Fig.4 Effect of ultrafiltration components of sandworm on heat
stress damage in C. elegans
i A3 P44 | mg/mL Ab R4 ; B.3 Ff 4143 4 mg/mL 4k #f
; C3IMA D 8 mg/mL AL FRA ; *R IR A G it % 57,
P<0.05; **3F£ /R B 3 25 5, P<0.01; ***3L /R i W% 22 57,
P<0.001; ****3& R i 3 2% 5%, P<0.0001; [ 6, & 7. & 9,
& 10 [A],
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PRZH 1 £ HUAFE I 550 A i 35 4R & T 23.33%(P<
0.0001) FIE SRS T 13.33%(P<0.01), i EPU-3 £H
PET 5.83%(P>0.05), EPU-1 4HRCFR A anEl 4C
P N, We B 8 mg/mL [ EPU-1., EPU-2 &b 3 2H 11y
£ BAEIE R i R T 15.00%(P<0.001) F1
T 9.17%(P<0.05), EPU-3 240425 T 3.33%(P>
0.05). 455:3 W, EPU-1, EPU-2, EPU-3 fitE—E 2
BE b3 v S BN U 2R AT 5, EPU-1 I9E A
5%, ZE L ATIR, YA IR 43X 2R s S AR A
PEPVE, Bet gk Py Ee o .
2.5 OEEBIEE N XL REGHIRN

FFir i S T T 2R O R R T I FE AR
UNFR 4 R, IEE IR, X IR £ - a0
7 11.49+0.56 d, AR EE (1., 4. 8 mg/mL)EPU-
1 1A F ), 553 FRZHAH bk (LA BB ZH B34 51y
S 100%) , Ze AP 543 IES T 8.4% . 13.9%.
7.3%, FA e EE R 4 mg/mL B8CR i35 (P<0.05), fi
L BT 18 d A 2 22 d, WA [FIF i
iy EPU-2 Fll EPU-3 20 S AR A7 — i T2 FE B S 28
WAy, (AR B 225 (P>0.05) . WE 5 ¥imw,
53T RELHAR B, 3 FRYDASE R - e AN R YRR
HE 2R S v, AEAP IR A . S5 L, YA UE
ZH Sy Re A 2 e v, FLh BTN 4 mg/mL B
EPU-1 BYEHBEAE.

4 W ERBIRLE ST T I BTk B i i) S
Table 4 Effect of ultrafiltration components of sandworm
on lifespan of C. elegans

AR WE(mg/mL)  FHEM) EHAR(%)  EKEA()
X HR2H 0 11.49+0.56 100.0 18
1 12.4620.66 108.4 19
EPU-1 4 13.09+0.34" 113.9 22
8 12.33+0.67 107.3 18
1 12.13+0.42 105.6 19
EPU-2 4 12.58+0.12 111.0 22
8 11.87+0.76 103.3 19
1 12.34+0.39 107.4 20
EPU-3 4 12.24+0.61 106.5 19
8 12.10£0.78 105.3 20

H: *FoRH gL 25, P<0.05,

2.6 PEIBIEE S XL RIEENEEIRIRN

£ A2 BhRE 17 AE B iz gkt fh 28 R G 58
HHIFERE DL SRS ARG DAL e MO 22 bk
ihg 10 s 193k BAE SR ECH A FFE bR, RTTV0 4
UELH Sy XL A2 BhRE JI IR . SEEG S IR FE I, 7
25 3. 6.9 d, Xt HRZHZE Hizs shkBUr 5l 14.82 K.
7.87 YK 2.33 UK, BEZE ISR AHERS, 28 Sk B sk
o/ (P<0.05) . WIE 6A s, ¥b A I 2H 434k
H 3 d i, SXFHEAA b, 2R G2 shRE ST ART, JC
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Fig.5 Effect of three kinds of ultrafiltration components
of sandworm on lifespan of C. elegans
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Fig.6 Effect of ultrafiltration components of sandworm
on motility of C. elegans
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Fig.7 Effect of ultrafiltration components of sandworm

on fecundity of C. elegans
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BEA 4 mg/mL B}, EPU-1 GE i E e hk i 2551
2.8 WEBIEAES I EHRIERERRENE

Bt 2 XUFRA AR B, 2k s bR
Py, AHIFGESITER AR RS R R E L, B FER
GEVS TR B IR X LR R e = AEH . AanE 8.
&l 9 Fi/R, 55 ELEAA B, ARl BE R EPU-1., EPU-
2 Fil EPU-3 ¥JREMK b FREARLR d AR P g Z AL 52
(P<0.0001 ) ; EFI] 2 Al F B 1Y EPU-1 28 57
I S5 AR W3 /N T EPU-3 41 (P<0.0001), 5
EPU-2 ZH¥% A W35 2257 (P>0.05), TSk E N
4 mg/mL H}, EPU-1, EPU-2 Fil EPU-3 £& AR 1y
B¢ G IR BE 4 B 18.67%+6.48% . 44.85%+10.20%
Fil 83.43%+6.04%, EPU-1 [k B+ =B R A1E
JAM 34T EPU-2 1 EPU-3(P<0.0001) . %% I,
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Fig.8 Fluorescence intensity maps of lipofuscin in C. elegans
in vivo by ultrafiltration components of sandworm
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Fig.9 Effect of ultrafiltration components of sandworm on rela-

tive lipofuscin content in C. elegans
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Fig.10 Effects of EPU-1 on expression levels of IIS pathway
related genes of C. elegans
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HEREE ST, A= /g EPU-1 H i35 Kk aE
Bk, 2 H I B EBIE FIERER 1C,, 533 R
5.64+0.11 Fl 1.45+0.05 mg/mL, F ¥k & EPU-2 Fl
EPU-3. 3 FigHsriicshisafbre 1 =5, Zh T4
ENERI Ay e, HA s b U LIE R NG
PEIR FEBERR BB AELH 4> EPU-1 h, fifigH 4y EPU-1 19%%
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