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MDA) & #. T AN AF (Catalase, CAT) FHUARRREGER, M EFTEBORANLARARESR. &
R: HEraxtBatmt, AL A (T-AOC) £ 1.00% FEa &2 A KE, £ 3 4587% (MERE) Fo
7621% (HERIR) 5 1.00% F#EH B F AT MDA A& (P<0.05) , ¥, H RS FEIKT 82.77% 4= 61.24%;
LOs2 /£ 1.00% 7| & 404k 2 F 42 i, 438 SOD #= CAT #93& % (P<0.05) ; #"B LOs2 4 1.00% 7| & 40 B He 4
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Effects of Laminaria japonica Oligosaccharides on Antioxidant
Enzyme Activities and Anti-aging in Drosophila melanogaster

WANG Lei, QIU Jiayi, ZHOU Zhijin, CHEN Tianyi, XIE Yingxing, CAI Xuzheng,
WANG Caisheng’, QIAN Guoying

(College of Biology and Environment, Wanli University, Ningbo 315100, China)

Abstract: Objective: To evaluate the antioxidant capacity and anti-aging potential of Laminaria japonica oligosaccharides
2 (LOs2) in Drosophila melanogaster. Method: Wild-type vestigial-wing D. melanogaster were reared on standard medium
supplemented with LOs2 at low (0.25%, w/w), medium (0.50%), or high (1.00%) doses. The antioxidant and anti-aging
effects of LOs2 were evaluated by determining the activity of superoxide dismutase (SOD), the content of malonic
dialdehyde (MDA), the activity of catalase (CAT) in D. melanogaster, and the lifespan experiment of D. melanogaster.
Result: Relative to the blank control, the 1.00% LOs2 group showed the highest T-AOC, increasing by 45.87% in females
and 76.21% in males. MDA levels were markedly reduced (82.77% in females, 61.24% in males) (P<0.05). SOD and CAT
activities rose significantly at 1.00% LOs2 in both sexes (P<0.05). The 1.00% LOs2 group showed a 54.13% increase in

female lifespan and a 72.00% increase in male lifespan compared to the blank control group. Consistently, qPCR revealed
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marked up-regulation of SODI, SOD2, and CAT in the 1.00% group (P<0.05). Conclusion: These findings suggested that
LOs2 attenuated the accumulation of excessive ROS and MDA by up-regulating the expression of SOD1, SOD2, and CAT

genes, thereby delaying aging of D. melanogaster. LOs2 exhibited favorable antioxidant activity in vitro and in vivo, as well

as potential anti-aging effects.
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YERrE. AR, AR SR ERETR N A
P, s 88 [ e EL R Wk, BENS S AR g £
TCANMFINR TR & AN Bt S b /= ng, ST = A= g ot
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TR A RS F]; 2xTaq Plus Master Mix
db 5UE BEEERNE A FR A Bl Omni-Easy™R[1 F #l
BCA S EERANE iR 2R A TR
4\ 7] 3 PrimeScript™ RT reagent Kit with gDNA
Eraser, TB Green™ Premix Ex Taq™ II i 7] &
Takara; #hie —HXUINEERE R 0.5 g, P22 g E 55
F 25 BRA ] HEYIE A LEE-1(SOD1) | A b
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Table 1 Primer names and sequence information
FEH L35 4751 (5'-3") TS IFHI(5-3) P38 B (bp)
SODI GGACCGCACTTCAATCCGTA TTGACTTGCTCAGCTCGTGT 229
SOD2 TACAAGAACGTGCGTCCCTC CAATACGCCTTTGTGAAGCG 286
CAT TGCATGGTCGTCTGTTCTCC CATTCCTGGGGACCGTTGAA 193
f-actin ATTCATGCGGCCAAAGAGGA GAGCGCCAAATCAAGCAGAG 247
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1.2 LWHE
1.2.1 VSRR A5 Aealifh SR T AR AR (19T
BB Z W, SR T 0.2 mol/L BRI, 1EIR
BlEE 200: 1(mL/g) . 3 80 °C 254 F BR v+
LW 4 h, TR Z 0.2 mol/L NaOH h A5, 34T
FLAS TR 7R R MRAR o B IR AR W AR B 4y T il
1000 Da WiEHTEEHEATIENT, WHBHTIR . Bl , {37
JHER B 70 T4 200 Da BB AT X BT 75325 M i ik
AT WRGENT, B R BN L 1.00% BaCl, £l Jo
SO/ M it o WAEHR B 43+ 5 Y [ 7E 200~1000 Da
BUIBATLE 43, PR AR T, B2 R TS By
FEWH(LOs) o

SCE NS 1.00% LOs % W it 2.0 cmx15 cm 1Y
DEAE-FF [ ES T3 #0414 2 1 Z AL, KR 0.2,
0.35. 1.0 mol/L NaCl iy PBS ¥ W #f B8 26 38 vk i,
K4 0.2, 0.35. 1.0 mol/L NaCl & I 2B 45 fix 44 M
LOsl. LOs2. LOs3, Y&t 200 Mw 148 38 iE ik
Fhvkan, HASRUR TS 4 4 53 7= .
1.2.2 Rigr IR HE  SH LR R
i 1% IR BL ) A5 T 5L B 17 g EoKBY . 13 g EEREAN
1.5 g BEIAZE] 1000 mL HYEERR . BRI IIA
250 mL ZEAR /K, I 7004 P DA O 45 1l o Y 50 1R
Ho BETHMEY Bk, EEIRGWAEW . FRHRM
BHIE, LA 1 mL BNERFN 5 g BEERRY, I PR BEFE
Y1570 BRRG IR R 35 e B O A H i K PR ) SR
MRRE SRS . FRRTFRILSE BT, F RSO TR
3R, ¥ IR PR AL B A SR B2 A BB 3755,
LA TS B2 SE B WSS R SY
1.2.3 SRMEE73F  ARSLIGVET TR SEREAIR. H .
R AT AL, A3 ) e L s B 3R BT A N 0.25% .
0.50%. 1.00% [ LOs2, IEahE7FRILANE Ryas H*THE
ZH(CK); b, ¥ 1% — H XK (Melbine, DMBG )
FER BHPEXTREZH . WA T FALRTTRIZE 8~10 h INIW4AL
2z, JE AR IR RR I e e AR = A T TR A )
HopEg] . KX s L E TR S 25+1 CLIBEN
64%+1% MTEE S5 T3 TR 3R . O R iy A=
KIAEG AT, 5 5 d TR IE IR,
1.2.4 g fbtsts . PrEfbmgE S5
SRR ASFITIEIR 50 2 7 H RS,
10 Hoh—2H, R 1 mL #i A BREL K 7 vk 20
WANE . A1 W% 6000 r/min B5.0> 10 min S5, U4E
LERHFRES M 825 s i v 45 LA
AP TR U, RIS b iR & B BH 8
TR, RGN T RS R Y BB RE
(T-AOC) . HBAIHE T H H 3L7E R (ASAFR), DL
BB A ALY AL (SOD) 5t AL & (CAT) 7,
I [F) A0 a2 g S ik AR AR 2= TN i (MDA) 75 1
P = UCOPATEE S
1.2.5 LOs2 Xf SR zarmyszm 4L 8~10 h PN
A H AR T2 BL AL b, 300 1 AT HRURR (e HALh i

TR, AR AT HERR S LPER . R 1.2.3 %
T, FRAHECH] 6 32 KPR AR IEFRFE A, St E
SRS 3, BRI O 50 L, RGN
HA A FRAE . S50 R C s ARG A KGR
(HEBRMUAR I 5 S AR IR B BT D), B = IR &
2. TR IR R 5 K TE ., P T
FEA AR 5 R K TR A IE AR, LU AEAFR TR] (d) A
RBR, AR (%) YA, il 4, DLAHiPF
AGASTR] D BEXT SR g A i R EH Y 5z
AR B %) =
S A P IATIE R B — 2 N B2 P 354736 R A «
7 X B S A R A
K TR A K E (%) =
S8 AH f AT R — 2 AN B2 R KA TS R B o
7 AN IR AH e KA T R B
1.2.6 M SERGT T S A i 3k R e 3R 7K T2 <
L RNA SR 275 AR 2550 ()7 1T RNA
PEHL, BEHRMRSE 7 H W2 2H R, A SC A 1Y
A, BRI A 20 °C VKFEFREE 10 min, 53
BEEEA 30% H,O, IZMmIE4C T i, 755R
R ATAET S, LA 2 15 mL G LA,
JINA 1 mL Trizol 24, vK B . 4 °C s ik
2, B WU (1 mL WA S IR T) FE53
TRANME, B2 A2 2= 2 mL B0, IRIEIRY S s,
VK L E S mine HIA 300 uL 44405, IRHEIR2T 15 s,
VKIS 5 min J&, 4 °C, 12000 r/min &5.0> 10 min, %%
LR EBAE, DA SRR N BT TEAL IR, IR iE
RSJAHRE 10 mine KRR S ML = RNA WL,
4 °C, 12000 r/min W Z.L> 1 min. fKKINA 600 pL
75% ZEE(JH DEPC ZKECHi]) , ¥ BEM YR (12000 r/min,
1 min), Z5AFE 0 2 min KRR OBE. FFRAES
1% XF 5 min, J1 A 25 pL DEPC 7K % f# RNA,
12000 r/min &.0> 1 min J5 I RNA K, —80 C
PiAres o A 1.5% BUIBPEEERS L UK PP RNA 58
M, MR 43 6O B TR 2 RNA e B I 4l B
(A260/A280 LLfE) o LB R AEoK AR, DIk
RNA BG4
cDNA & Jil: [i] PCR & H AR U A £ BUiY &
RNA 1.0 pL. Random Primer p( dN) 6( 100 pmol)
1.0 uL. dNTP Mix (0.5 mmol/L final concentration)
4.0 pL. RNase-Free dH,O 4.0 pL, 7K_E#RE G S
RIE 3~5 s, FF W T 65 C )@ 5 min 58K
RNA T ZRE5H ik, FES VKIS 2 min $EF 7R KALER,
FHUR Bk B B O WA A BE VR, R )5 18] 3R PCR &
#bJim 5xRT Buffer 4.0 uL. Thermo Scientific Ribo-
Lock RNase Inhibitor(20 U) 0.5 pL. RevertAid Pre-
mium Reverse Transcriptase(200 U)1.0 uL il &5
FESRIRZR . T PCR AR RS T 25 S W R P : 25 °C
J% 5 10 min, cDNA &%, 50 °C, 30 min Z¢ 1} I .

100

100
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BEHT B0 S 4328 cDNA 774, —20 °C KA -

SOD1. SOD2 . CAT #&F 1 %< 6% 15 PCR: 1E
PCR & KRN A 2xSybrGreen qPCR Master Mix
10.0 pL. 3% F(10 pmol/L)0.4 uL. 5[4 R(10 pmol/
L)0.4 pL. ddH,O 7.2 pL LA X% #EH ¢cDNA 2.0 pL.
PIE 1 PCR ¥ G HF 2y WiARME 95 °C 3 min, 1 X
EER; A8 PE 94 °C, 30 s, iRk 60 °C, 30 s, ZE{H 72 °C,
1 min, ¥ 30 ¥ FRRAEAH 72 °C, 10 min, 1 IRTE
o LA B-actin ANSILPIR A 274 R H 3k
Kl SOD1. SOD2 . CAT 3N BARXT Rk,
1.3 HIEIE

>R JH SPSS 19.0 4t it%k 14 #1 GraphPad Prism 9
AR EFR . EGETH5Pr o m, X2
BZ M b, $EAT T BRI ZR U7 25530, I e LB
LELTCXT ¢ Kr s LAE— 2 Aifb 22 5% . T gl
SR DA EE R UEZE (XES) T R o, AR IREL
Yo B HERG RN AT S . BT A BISET T dr as SR R,
M PAE/INF 0.05 FonZERHA B,
2 HERESHh
2.1 EHEFERIHIE
2.1.1 A SRR e alifh My 2R A 0.2 mol/
L BRER/K B, MY ZoRE (LOs) AUEIYIS RN 1.9%, 1
B OB 85.89%. VAR ZLBE SR ] DEAE-
FF BAES Fag et 4 22 2t s Bs slifh, AN E
i NaCl-PBS e, 451l ODsis ym~ ODago nm T
Ve £ WA 1. DEAE-FF 4»ES3458 3228 3 a4y
W 2B, Hirh 0.35 mol/L NaCl(LOs2) e 43AH
Xk, HEAE SI0F55E, 0.2 mol/L NaCl(LOs1)
Y, 1.0 mol/L NaCl(LOs3) AHXJ A, i B AEAH]
T ZERE (LOS) FE S 43 B F AR e, Bb A i g .
I, ISR LOs2 4HA3 B, 4351 F 200 Mw
RSB T A IR S, ELaS e R T 145 LOs2 Fr oK 7=
i, SR JCER 5 1, SEMEAEE IR 95% .

60 LOs2
50
40 LOsl1
30 LOs3
~ 20
<; 10 i \
s 0 a . ~
‘;8 OD, 5.
_30 == OD2s5 1
740 3
0 25 50 75 100
1A (min)

Kl 1 DEAE-FF i SE0E > B e A
Fig.1 DEAE-FF separation elution profile of seaweed
oligosaccharides

2.2 LOs2 X RIBHUIRE IRITHIFAT
2.2.1 LOs2 X R S PTEALBE TR LOs2 X
g S 2 BT EA R RE I U anEl 2 s, 5

CK 4H Lt %, DMBG 20 T-AOC B i 25 %5 5 3R 4%
%, X ULH] DMBG 4 R PrEILRE 1422 . (HiE4E
ok, ZIN AN B S 25 R o, — R XSUIELA Bt
FEEAER20), 58] DMBG #H K FEmr AL 7T G
5 A HEERRICR YD, Fari e ] fe 5 A b A
HLHIAE 2C, 4N Nrf2 {55 S 3EER"; 24 LOs2 1%
IS 518 0.25%. 0.50%. 1.00% ), Mk SRl Py
T-AOC ) H I L WE R RZE L, 22 5 35 (P<
0.05) . Y HF] 1.00% B, K3 T e 45.87%;
Tt LA PN S X RE AR B, MR LOs2 4H H 31 R
3R SR (P<0.05), {HEHZE LOs2 BshnaEsghn, T-
AOC 1 [ i FE 3 BR R JC B 3 25 5 (P>0.05) ; £
LOs2 MEINE0.50% A, 1.00% ik %] T &
FEE R 76.21%, LOs2 AJ L) g 2 g it | ek
SRR RSP TELRE T (P<0.05) .

1007 [ 1DMBG
b
80 = b [ CK
_ . B 0.25%L0s2
= 60 b = £ 0.5%LOs2
e i L = 10,
< 40 ‘ E=2 1%L0s2
= 3 = =
20 H ab ab }  ; .
= ] a‘ sk
SHEE 24
0 , :
i SR T SR i

K2 Los2 X AuBZHA LI b BT A LAE 1 (T-AOC) YR
Fig.2 Effect of LOs2 on total antioxidant capacity (T-AOC)
in D. melanogaster tissue homogenate
e B A ) 7 B 3R 7 2 18] 48 e A8 (Tukey #5256 ) TG i 357 22
5, P>0.05, AN[F] 5 BE s 2 18] PO HL BT 3 P 22 5, P<

0.05, &1 3~%1 6. € 8~ 10 [Fl.

2.2.2 Mg ENEXT R e b A B B i sE . dn
¥l 3 ffras, ANEHEEE LOs2 5 DMBG Ak BT Ak 5
A P R 4R B S A R i 5 B S S A
e, HEENEACK) M, DMBG 408 3 FAK T
I A TR g A PN 1) e 4R B B F 7 i (P<0.05) , R BH
DMBG HA H i 130 il 48 50 RH 25 A A3 1 e
SRR AA P B S 2 T A B AR AR b, AR
HERHE TR 1. 7EASTR] LOs2 ¥ A0 FRZH (10 i 5
2.0 5

1 DMBG

CK

E= 0.25%L0s2

0.5%L0s2
I a‘ 223 1%LO0s2

ASAFR (umoL/L)
=
L 1

=
W
1

0

I I
SR MR b
K3 LOs2 XA oI5 T A B 7RO
Fig.3 Effect of LOs2 on superoxide anion resistance
in D. melanogaster tissue homogenate
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WA YRR AU S 5 i IR T CK 40, RIEA R
HBABA B FRE S e s et SRR A PO B SR 1 7
R CK HisA T (P>0.05), KR P E
BT IIAE ST . 4SRRI LOs2 W R I B4R S
Lk Rl S A I E 2R AR UL AR ¥, Wk 51 R 2
AT ) 25 A PR AL T B R

2.2.3 LOs2 XPRIER RS maysEm i 4 s,
CK ZH e St N 1 MDA & & Tk, iX 7T RE
JZ T MR RR T SR AL S R 3R 5 Y. 42 DMBG 4b
B, MR B AL L= MDA 19FR 8 8 5%
U/ (P<0.05), Hrmifitd X Bt AL rT RE T fgUECO),
LOs2 fi i SR i {4 )y MDA 19 FH 8 (P<0.05),
HL 2B ) S AR AP S . AE 0.25%.
0.50%. 1.00% MEREERSRET , MEPE R IWEHY MDA 7K-F
B X B 4 B BEAR T 31.74%. 35.14% Fi
82.77%, FHlJE 1.00% HeBEANITZH, 353 T 5 DMBG
A PRIEIAE b 2 P VR T T RER (P<0.05 )5 T AR )
[ g W) >fy 18.88%. 22.70% Fll 61.24%, X AE 1.00%
LOs2 &b B2l vp ik 3] i 35 22 55 (P<0.05) 5 2% L & B
1.00% LOs2 ZbFRZE ME . AR I MDA #5535 8%
% 0.51 pmol/L(P<0.05)F1 0.82 pmol/L(P<0.05), 3%
ZS HXTRRLH AT IR R T 82.77% 1 61.24%., X Flulife
HESR MR PN MDA W& T 522 20l fES LOs2 il
Nrf2/ARE 5538 B 4 e H W A A i (GPx ) Fil
A AR (SOD) i 25 FAL G A 2B 32, DL
FEEHRERE, LOs2 il s b Ak B R SE, A RLRH
Wi T At 3EEE R N, P AR DT A A W
R FHAE

1. [ )DMBG
I B CK

2°1T N & b B 0.25%L0s2
g } 2 EEE 0.5%LOs2
ERR i{
z =55 1%L0s2
2 150

1 m \ 2

SR

4 LOs2 W SRMEZH AN S0 rhh — 2 Bt S
Fig.4 Effect of LOs2 on the content of malondialdehyde
in D. melanogaster tissue homogenate

2.2.4 LOs2 XTI CAT % By nE s Br
7R, 5 CK ZHAHEL, DMBG 4H i 8 b & (CAT) I 1
BRARG, T LOs2 Ab B I 25 38 5 L g CAT 7% 1k (P<
0.05), HAFEMMN &, HErERBAE 0.25%.
0.50%. 1.00% LOs2 ¥ T, CAT i3 CK A 43
SHRETE 14.28% . 178.57% Fll 235.71%; HEM: St i
FONAH R, SR T 265.59% . 768.22% Fl1 962.01% .
TE 0.50%. 1.00% LOs2 ¥ BEARFEZH H, Wi | Jfi S g
CAT WEMEIs BIEAE, BEBH PR LIS & T SRl
AL BB 3, SEEChU A Al R GRS, HPZH

(AP W8 22 5, R RN LOs2 i fEi5 S R
B, HBIL I T e S 2t A AL RE T T Rl dn it 45
IR, FIREE R LOs2 i ik P IR P Ty =
i CAT LML A %, 7l G5 Nrf2/ARE i #§11
P 1) 22 AL PR Fa A B, LOs2 X kP S i (19 Nref2
TSI R, SRS CAT 253 S Al 3L K] 5

159 [ DMBG

b CK

= 0.25%LOs2
L. EEE0.5%LOs2
3 E== 1%L0s2

1.0 1

CAT (U/(g-min))

TSR bR

1
ISR i
K5 LOs2 XPRUBZHLUSI  CAT I 1 (520
Fig.5 Effect of LOs2 on CAT activity in D. melanogaster
tissue homogenate

2.2.5 LOs2 X5 SOD & h iy m  dnE 6 it
7x, DMBG £H 4b B J5 i SR 4 Py SOD 176 77 42155 5
LOs2 X i SOD 1 MEEA W2 iS4 S il 45
YEFH(P<0.05) . 7E 0.25%. 0.50%. 1.00% ¥ B4 3
T, HEESR i SOD W M S HELR M ), 0.50% LOs2
ALFRZHIRIE(E 10.33 U/mg, & CK ZH#ET} 5.50 U/mg
(P<0.05) ; 11 fefiz P S iy D) 522 300 51 o A off -2 385 5,
1.00% 4b H 20 SOD % 1 ik 48.23 U/mg( P<0.05) .
WP SRR AE 0.50% R BE e &R R RS, mT R = 7]
2 LOs2 51 & B R VE AT LT3, it SR e
2R P AR U R H T AR AL R G HAA T sR A =
it S22 & B P AT B RS T A N 3t
T EEIFISIKE .

60 CDMBG
¢ mWCK
e
- E=0.25%L0s2
o 40 == .
£ = Em0.5%LOs2
2 £ =3 1%L0s2
: 8
2 20 -
C
abab s be 3
JARREE (&
1 1

] T i
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- SEIIFETE KA (D) AT IE K E (%) BARAFIE KA (D) FeRFFATIER (%)

W i3 I i3 I i3 W i3

CK 4.28+0.14 4.73+0.62 - - 8.00£1.15 7.75+1.50 - -
0.25%L0s2 5.75+0.77 5.42+0.09 34.34 14.59 11.01£1.00 11.67+1.53 37.62 50.58
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1.00%LO0s2 6.49+0.40" 6.54+0.30" 51.64 38.26 12.33+0.50° 13.33+1.10° 54.13 72.00
DMBG 6.03+0.78 6.02+0.57° 40.89 27.27 12.00+1.00" 14.001.00" 50.00 80.65
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