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DR 2 &8 52 £ it BB fel Ee B 0 1 BA RO BB fE & &
REBUERSEWFEG

A W omPY HREED REHEY
oo WEE kg

(1. Bl yERAaE il B 2013065 2. WP EUKFERI2ATTGT B WK FE0FFT AT AROMb AR 3
KPR T ESSTWE &R M 510300; 3. =WHGEKFFREE WE =W 572000)

WE LA 91 Y #8 &% (Trachinotus ovatus)  J7 #, B f# | % . B I %% B8 B (acetylcholinesterase, AChE)
WMEK, ESHEABRIPHEER., ANEAHE, BEEA®K, E4Fa8MEE QBT R
FRETIE(1. 2. 4. 6. 8h) &t T#EATEE A%, Ll AChE 41478 M Fudn B ik 1 36 4R, 0 2h & & AL
BABABAEE, PN EmET N KBEE. 2T ELNA, AXRARFHEBFENSES T%
ARy, B EMmEE Rl EM T, THERKA, KNEGB 4hBEEY LA
X E B AChE #7145, HAH 3£ 5 (18.02+0.78)%, T & & T H b2 & By B A7 4 1 1 M 2t FE(P<0.05),
B LA HY ABTS B B 2508 R H(52.54+£0.89)%, X MEE K 14.86%, 4T 8/NT 3 kDa b4 4
ik 96.87%, Ak M &I, AChE 14| 7E M 5 X 3 N84T 2 I 3 IE A7 X H(P<0.05), M4,
ANEEBmAWNERYTEERGNIMNEEARI I ZAER . RLAARMHEAR, HHWERR
TR, HAKELR HIh 34.92%, XA TEHM“ 5 AChE fr g X R E(ER, #
B AChE 11 H| RAf AN EN, 2BHTEAR AN RIANLBMF Mk 44 Ca¥ fuFe™, 4%
24 47(26.28+1.20)%747(14.25+0.85)%, H 44 Ja AChE 4| & WA frit g, Lo mash g o
T, B HEMBRESETHONEN WK, KART XN ES G ENF 5 78w B B
A IR R A S

KA YR RS, BEAE; CBLERERERIIHIAR; AL 2BBETFLELEY

FESES TS254.1 XEEFRIRED A XEHES  2095-9869(2025)05-0244-11

Bl JR 2% 15 BRRE (Alzheimer's disease, AD)— 7 LAIA BEANBCEIME 115 12, Xths . - sk
ARSI T Be RS . H 81T e 1R AR B R RE 2 (Zhang et al, 2021), AD (4 &ML A NHA% BE 5
TEM AR T, TiTE] 2050 48, % AD i, BIEMMER AU . SN, MAERE. &8

* TR R B ETI(GDNRC[2024]29) . EZE K 7= b R R (CARS-47) . 1RA A RBIEIE 4 (323MS123)
I rp B K R 2 A S B GRS 25 1 BHATE BE BT R AR BRI L 55 B & T % 4 (2023TD74) L R BB . Rk, Email:
hibinxia@163.com

O WEEE: B B, 55, Email: hnhuxiao@163.com
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BT RASRME, FIXIASFEREALE, FDA il T
AR FIG T 259, (H fi 35 B2 (0 AT AR 2 el 56 i 370 71
7 o Z AR A% (acetylcholine, Ach) & — i HE 22 i il 2534
B, 255 S FCAZ A B 1IE F AR e (5 5 m i,
JE B A 2 kA R A 7E R B & BE A 07 i (choline
acetyltransferase, ChAT)EALAE T & 1, J5 78 5 fir
(B B8 AChE T 43 i B AHAR RN 2R , A BRI K fife ik
PRSP GRAIE T 24205 5 A 7% S (Ju et al, 2022).
SR, 76 AD JBAE, T2 & ooHE LI, ACh
A s, BEIE I, SEMAFESETARE, |
PICAZ RS (Willcox et al, 2014), . Mk JE Bl F5 fil 4171 71
7l (acetylcholinesterase inhibitor, AChEI)R] if i 11 il
AChE JEMRBHIET ACh YRS, 3 AR RE o 2%
#, BEUCEICICROR, (HHHETR AChEL i
WRFF . s, RIS N T2, A
PEBEA SN LG8 RE R VE P B8 e IR R 22
FRBH LA L RN EI Y

AD A 80 R T 2 8] 38 A7 76 AH B OB (Wilson
et al, 2023), AL N SN A BB, 2K
I Tau BERR AL A2 A DI RERE G , i 2388 = 2 RAEA
R R 35, N 5% I AH G 4 2L
(Hsieh et al, 2013); 3o B 4 Jm 25 1 OO G | B 45 1 B dfr
, WSS LR (B, 2015), X IR
25 5T DERRE B 220 B AR 2R IR AT
DIFRE 2 N 26 R 40, 738 i AN [R) s BERRIE R 454
FHBE SR RO TRV, AN 23 3k o 0 s o i — a5
SR HEZ M EIVE o

A i M R — 28 B R A B Y RS AL
B, M T/ N F WA B SRR R
PERIVZ 2, FHACT K50 245 9 WA T8 4g 1) g 25 336
PE, AR S R A = A, L, KRS
i (Anand et al, 2023). R4 )0 AL Wi P IR Y R
KU, TR AE R, AETFZRERES D)
A, AR, BFIE DL E IR AR b A st H
AL, &RETES . FBEIRIR . i1y E1EH
AR T (2= 4, 20205 FEZE45, 2019; fREFLAE,
2021; Xu et al, 2022), (HEERRZE LR #ifi] AChE 361
O k= | e R R T 020 S DO S

Yl JE BB % (Trachinotus ovatus)f < EEHe . 2%
Bt eIk E AR I B IR A S, R R IR
TC T IR 5E S ) R (B R 3R A, 2023; XM
g, 2025), 2023 FIREFRIE L EIL 29.22 T7 t, BR
Ji& 4 [l g /K SRR P L (RO AR A S v ) v 1B
JRAE, 2024), SIESRESE IR, B B T 2

R i, R A A W R KA DL B RURE o A 12 T
FATEE | RAMRIR, S A& IOk, AT
X I BRES £ N BEA T AR , )4 ACKE $M IR FIFAN
{53 R o IS S R ] /i 2 A R B3R E S 7R RN
TEDIRESYEL i A2 P B TR T B A P Sl

1 M5
11 #RS5iEF

BB R 65 (Tl 350~450 g)il) [ ) MI4RIE TT 5
T, WA, PRE A HZRPLT RBE, BRI
FTFROEET, HUEFAE-20 CrKFE#&H

R . RN AR . SRR A, s
ZAEMRHEARAR; EA6EAM. REARN. O
FELBR i it (e i Sk 30) L 5,5- A AL -2,2- AN L IR T iR
(5,5°-dithiobis-2-nitrobenzoic acid, DTNB). BfRZ% it
W(pH 8.0), it EYRIH A RAR; Bk W%
#i ¢l B (acetylthiocholine iodide, ATCI), [ # Fipk
AR A A PR F] 5 % 2 (cerebrolin),  Faf HL 4
K2 BPTEALRE F1(T-AOC) KM ik 7] & (ABTS
%), ETAEY TEREBRGERAR; . =5
LR, B Ristm B A R A w A A .
IR . BRER . BLERM . BRERW AR . GREREE. GRBREP .
S . AAREE, TNk

1.2 NEE5iE&F

K1100 4 [ shdl K 7L, ILAREGRERA A
FRZyH]; 916 Ti-Touch H AR EAL, Bt
EH PR/ 7] ; Sunrise-basic Tacan WEYGHEFRRY, Tt
A Al HISSOR i VROl W RS I SL 56
FEAETF EATIR/NF) ; SHZ-82 /KIBTHIEIRG 2%, 4
IR IR S HE ) Alphal-4 ELZ8 8 TR AL,
[ Christ 22 Fl; GB204 HLF K, SRR -FEH]
28Tl 5 LC-20AD B RUGRAH IS . UV2550 4k 0]
LA E6EE T . IRAffinity-1 {8 B AR B 2T ARG,
HABHA T ; Agilent7900 H JEGHE 4 25 8 1A i
EERr S R /A

1.3 FEWHE

131 9P BB IR = M 0h 4 & B T 65 fi% Y £
W, BERERCNEE, HERRR L 11 3 (WA L T K
RAES), JHY 2R GE pH, A BE TR 0.3%
SR RS AR . PR A . AN AR, &
HEABEAEE B, 75 55 CKIBEIER D 4%
e ARV RS a], b A AR P 4k 3 pH BRE . B AS R G ,
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546 &

WKV KB 15 min, ¥, B.0(10 000 t/min, 4 C,
20 min) LI, U8, W URTIRIRIS B . B

PR S5 AN ZR 1 Frs , I 5E B 7= 91 i AChE il
TP BT E A TE T, O e i 5 1 T R A ek 1]

®1 TEEABBEEEMY

Tab.1 Enzymatic condition for different proteases

FitHfi# 4% 14 Hydrolysis condition

& . ; N
Protenss gt iR o W i B
Enzyme content/%  Temperature/C Enzymatic activity/(U/mg) Hydrolysis time/h
LR P 0.3 55 7.0 100 1,2,4,6,8
Neutral protease
BT SR 1A 0.3 55 8.0 200 1,2,4,6,8
Alkaline protease
AJREH W Papain 0.3 55 6.5 800 1,2,4,6,8
HE5E A Protamex 0.3 55 7.5 120 1,2,4,6,8
[Be7E (1R Trypsin 0.3 55 8.0 250 1,2,4,6,8

132 KmAEemE R GB5009.5-2016 { £ 5
AR BRI E ) BTG Ui R b i B AU
i, SR HH T P A7 97 2 T AR TR rh 2 PR AR AU
Jie, JKA#PE (degree of hydrolysis, DH)IT& 200
oy PEARR BRI o B

PHOO = mmeame
133 oThEaH K FH e A R HE BH €8 35 1k
(high performance size exclusion chromatography,
HPSEC) M 7 B A 43 Jot it 431 CR BB 4E, 2023), (1
J&#: A TSK-GEL G2000SWXL (7.8%300 mm, 5 um),
TN A S 0.1% =R LRIBLEIK, Fshtl B R
T01% =R OB G W, W E V(A) -
V(B)=80 : 20, #EFEAFIR 10 uL (2 mg/mL), kN
0.5 mL/min, R E N 214 nmo ARES 5508
Y25 C (12 400 Da), FFEAK(6 511.83 Da), #AK
fii(1 422.69 Da). A LRIABHIK(612.63 Da), if)it
RIS MEH R(307.3 Da), IR -G A5 i i il A Ar v th
2, AR R U S R TR A3 BT A S R 2 BT R A AT o
1.3.4 AChE #p#) & bl & MG Ellman J5 3
(Ellman et al, 1961)F1 Zhao %5(2017)SCHkHRIE 1) 7 %A
TEMBER . 275 uL WA R, F 96 FLARFHRK A 30 uL
ATCI (7.5 mmol/L), 125 pL DTNB (3 mmol/L)#1 50 uL
FESVAW (10 mg/mL), 37 CHUE 15 min 5, A
30 uL Z Pk A B G BF(0.055 U/mL), 7E 412 nm 3 K 40
LM E 15 min, 25 H XA PBS % (pH 8.0,
50 mmol/L)fR AR, 2. Mk HF B 156 Bt 410 71 305 1k 13828 5K
mr:

. T R g 1 4 81 95 7 (%) =

o A 2
(1_ A ~ P ]xlOO @)
At = A i

o, A IEEEOCAE, A e A INEERE & 2H
WIEAE , A e INEEAIIRE SO EAE A e AT
FEEAS AR i 2L '

1.35 H AL Al E 2 A S B Ak fig
(T-AOC) I 71 £ 156 B 43 I 2 [ ff 1 R T i 19 e
Afkne

136 2BETHAAMNE R BBHEESS
FR % (inductively coupled plasma mass spectrometry,
ICP-MS)IEFEfR Y 5 Fe*'. Cu®'. Zn®". Ca®'. K'
BT 45 4 RE 71 (Abduljabbar et al, 2019). K it fi
Y54RI 3 0 1 RS H L — W 1)
VW, T 2 pH=5.0, B T 37 C/KIAEIEE ¥ 90 min
fEHAS A B S EAT 48 h iBHT, B 4 h H—U0K .
10 SRS AT G R I AR B AE AR TP A 1T mL
BN S mL WRANRR , SEATRCEIE R, TS
KEZ % S0 mL, KA ICP-MS & % 48 &+
T, SEHEALWT

cxVxn
R, =

K, R WBBE TG (%); m AR E
i (mg); ¢ NIBENTE &R B R R E R E (ug/mL);
VRS IEIAAR(mL); n FRH B

137 REBARAZAL TN % % GB/T
5009.124-2016 ( &b & 2EZRME & hE5EmR Y
MWE ) o

1.3.8 ST R #ERF(UV) il & Wiy .
ft¥ 5 AChE. Mift 5 Fe** | M5 Ca® Mgt
FESL, BCH S B R, EAT SRAMGIE T,
KB A 200~500 nm,

1.3.9 1§ 2ot T H 4o 5h ki 26 (FTIR)

x100% 3)

B 1 mg
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iy . WY S AChE. BE@YS Fe*' | B 5
Ca” v THES:, 43915 100 mg THRIRALSP AT IR
A, FERJECE FLAMER G T, e BN
4.000~400 cm ™', S HER N 4 om0 E 4 RN B
RN, X LTI A BRAE T4 HT

1310 # ¥4 5 M SEBG PR SPSS
Statistics 17.0 #4741 #7455 LI E bR ifE 2=
(Mean+SD)” & 7/~ , LI 2] J7 2% 4 Hr (one-way
ANOVA) J Duncan £ 5 M5 #r 41 0] 22 74 , P<0.05
oA EEZES SR Origin 2021 #KAAERE .

2 RS9

21 KERE

KA B TS L B A R A T DB 2 ISR 1 BB ), B 1 il
W BV s AN, A5 2K A 7= P T Ko L KB
AN A GRS/ E 22 5 (Li et al, 2025), A 1
AR, AR A B K i s50% e 35 T A R g
(P<0.05), Horpr, ARJNEEFIFG 4 h BEAY 00K RN
(14.86+0.09)%, 8 hikFfmE, HF(16.55£0.11)%, X
Al RES AN AR 12 A D) RE SRR o6 . KRR
P A — o 25 S 6 100 IR P VDG, T 5 8 7K 1 2 L TR
) JIR B LA 5 ) K VR T o Bl Bl AR (RIS, R

20
—=— 25 % Neutral protease

AJNE F B Papain bA aA
156 cA BB aB
dA cB bC aC

daB cC

a aE

10+ dc
o bE
eB ¢E
sp P B2 B Alkaline protease

—v— B4 HE Protamex
[BRZE I Trypsin

0 I I I I I
1 2 4 6 8

[t st [|) Hydrolysis time/h
B 1 AS[E R P 9 7K e B s 1) fr A Ak

Fig.1 Degree of hydrolysis of different
proteases as a function of time

TR /NG B 38 7R A AN [ A ot 18] T () o 26 11t R o ™= 40

2 SR R B B T M 25 5 (P<0.05), ARIREF

B e 7R N [) 2 11 A 7] — ol e F [0 T 75 6 gk ) 1) 26 11 K
A W M 22 53 (P<0.05).

Different lowercase letters indicate significant differences in the
degree of proteolysis of the enzymatic products of the same
protease at different enzymatic hydrolysis times (P<0.05), and
different capital letters indicated that the different protease at the
same hydrolysis time had significant difference (P<0.05).

7K f# ¥ Degree of hydrolysis/%

[F 2 1 7l ) /K SR BE AN, 4~6 h R BV 22
X — S ] BRI T I AA B I 2 S PR, Tl
(2, MBEE MM T, MO By, T
32 PR

22 HFENH

BPIE 65 5 25 AN R 35 1 B A7 4 h J5 89 HPLC (835
K, DR AAr s FRammE 2a, b s, HE
VI o ke B0 A e 3 kDa DL AYIKEL, o5 ik
#] 93%~98%, Hrsrit/NT 1 kDa B4 45 HLik
80%LL b, WFFEFEH, ACE 0I5 PR H I 1 ik Bt 4y
FHERTE 3 kDa LI, 7EZBEZ AR(EE, 2022), 5
R CATHSE, 2021). KU JIK(Zhao et al, 2017)%
AChHE #ViI& R 58, 43F 1/ T 3 kDa BY4H
o3 AL 90%. i DUK(E eSS, 2024), 4105
AK(Umayaparvathi et al, 2014). 4 k(Cai et al,
2022)%5 R 45 R, A F /N 1 kDa 4153140
AR WL T A 415y .

I 2c. d AT, BfEEREREETRIIER, AJRE
F T it A 2 P R 43 7 i B K B (> 10 kDa) i i /b,
1M /N F & (<3 kDa) Y BR B B i3 2 . TR 4 h 5,
/NF 3 kDa BRI K 2 96.87%, HA/hF
1 kDa A2 53 /5 He 83.46% . XF LU f# ] 6 h A1 8 h,
KTF 10 kDa B4 734391 i L 0.14%7F1 0.76% , Ui FH 4k
SEHEINEG AR R], KR BE ) Z BIPRE, ATRESE AT
Z KB 3B i (Zhao et al, 2017).

2.3 A EEHFEYE AChE MFIE, ABTS BHREE
B R ABKMES T

VR 5 T 1 il T TR 68 665 £ Y A T A, 0045
10 mg/mL F§f#¥) AChE #1210 1.0 mg/mL i
Yt ABTS HHEIERRRINE 3 iR, K 3a 45k
7N, 5 FPEEREYIEY ACKE 1075 2 B 255 b A Aok i) 2iE < 52
STt TR, ARJNE HREREF Y 1) AChE #il
il 3% 2 v T LA AR 1 B AR 4 (P<0.05), HAE 4 h
SRFN R, 28K (18.02+0.78)%, 3w T FH XS
R0 7697 25 W) I 16 2 (2.05+0.45)% (P<0.05),
Wh(2022) TEAZ AR IR B T 20 32, [RIRE R 3
AR CER 4 T i 4 2 B0 11 e {3 ACHE JI S 36 4, X m]
A9 AR F 1R AL, 2R 2R | #i
AR ARG ¢, K 3b 45 B E 0, ARNEAN 4 h
1 6 h Efi P ABTS H H TG BRAE T iy, THBRR
I3k F) (52.54+0.89)%F1(53.78+1.03)%, & T H:
fib Bt (] AR 4 (P<0.05) 0 258 % 18, M F AN i
4 h BEFRIIAE N F5c e 2 T PR G Il 10 S KR A7 2 56
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— % 1 Neutral protease — & &% i Protamex
— RJKFE HEf Papain — JB#E F B Trypsin
a— BMEHEEE Alkaline protease b
S gl s L 100 mm === g  —— = @ =>10000Da
00000 5488 2 QJ\% g s 5 000~10 000 Da
é 40 000 —*é —8’%/%}‘: B R % 80r Lo . ? ggg:g ggg g:
8 =0 AN £ s 500~1 000 Da
8 " — £E el @m <500 Da
-‘g 30 000 \/\ & =
£ 20000 . T ﬂﬁf@ 40
5 40l
! VAN RE
é 10 000 r—/f/\/ — -§ 2
g 20!
0 TN
0
10 15 20 25 30 @x @x '@x @x %&
# BAFH ] Retention time/min WO 40 R GO «F
B R S %é""‘y@
ENCHE R S VSR
— 2 1 Neutral protease — &5 25 11§ Protamex é@'é & @f&
— RJRFE [ Papain — JBEEE FE§ Trypsin v
— B B Alkaline protease ZE 1 # Protease
c d
50 000 o 2 o _ o
AR < si —1h 100 — = mm =10 000 Da
5 255 S8 6 —an S h - w5 000~10 000 Da
E 40 000 S 3o 8 Si.——4h g 3 000~5 000 Da
£ ST J\ﬁfﬁl‘ £ 80r 1 000~3 000 Da
Y T L = 5005 oo s
£ @ L
5 3
2 20000 —/\f\/\x = )
< I\ by 40t
# P~ ~ K=
ke 10 000 5
0 N _ g
°
10 15 20 25 30 = 1 D 4 6 8
{3 B4 it [A] Retention time/min AR IF] Hydrolysis time/h

& 2

N [ 2 1A R A 420 ) HPLC (3% 15 () S 018 20 (b) . ATV 1 A [ I A 6] il A 420 114

HPLC 435 [%] (c) & 43 43 1 (d)
Fig.2 HPLC chromatogram (a) and molecular weight distribution (b) of different proteases hydrolysates, HPLC chromatogram
(c) and molecular weight distribution (d) of the papain protease hydrolysates at different hydrolysis times

P14 Xof AS [i) s 1) A JI R P T O 400 P K A B
FH . AChE 3G F ABTS H i 35 BR TG 1017
THIEMEDHT, KL AChE 415 ABTS H 51
5 B E A G (P<0.05), SUKRIE . 4 FR/NT
3 kDa 443 /i b B4 3 IEAH 6 (P<0.01), 5 KT
10 kDa 21535 Fb 24 3 A G (P<0.01), 1543
T 7E 3~10 kDa 92043 4 HL TG i 2540 56k

24 REBRAMRSESN

T 10 B 22 IR A I TR A i B ) A A 3
fH 2N 3R (Zheng et al, 2016), & 5 Al1, BRIEAER
b & i d e 1Y 3 P ERR A Glu. Asp Ml Lys, H
il fife 5 Y O i LB S TR R T, O L )k B
16.31%. 10.68%Fl1 8.22%, W4k, HEFHTG &A%
Y K PR R (Ala, Val, Met, Trp. Phe.
lle. Leu. Pro), 5358 35.55%H01 34.92%, #F5%
T, Bk M LR 0T 5 AChE J¥ s /K AH B 1
FH, $ v SRR A 45 G RE 1, MU 38 ik 41 o % e o

W AT SCHRARIE , A ity 1F 07 R oy 220 2 8 9 K B T e 7
I AChE 16 TH &S T EEAEH . Zhao %5(2017)
XoF HEAS [) e i) JRU 8 il A 0 1) R SE PR A A, KK 4 h
i) & A B 2 ) Val, Leu. Arg 1 Lys, 1M EA &%
= AChE il 7EPEAY 8 h B &5 A £ 1Y Glu. Lee
25 (2019)7E K AR 22 K #2867 30 VR T AL I AF 52 b
B, MK EE R BUKERRA R, £ N Sifk
Jei — A B AT Al R Ay Y 2R . Al I B R e Y 2 O
% 38 T 3 3o A% 5 P B 4 D S T AT R #R AR
{BAE i (Zhao et al, 2018),

25 eRBTHAESW

MEmMY S Fe’'. Cu®'. zZn* | Ca™". K'Hy4%
B, GERIE 6a Fin. BHRYIYS Ca® M4 A%
i, 15(26.28+1.20)%, HKJE Fe'(14.25+0.85)%,
Xt Cu* . Zn™ | K'MZAEAWE, BATIREY,
Ca’ N M4 fneE Tau BEERILF AP AU /E
(Dumbacher et al, 2018), 25 Fid S NE A IR,
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I 2 MG Neutral protease [0 AJRZE HES Papain I 4 7E 1§ Neutral protease [0 A JRZE [ Bff Papain
[ B2 F§ Alkaline protease [ & A& % [F[iff Protamex [ W7 (i Alkaline protease [ &4 7% 1 Protamex
[ JEE E W Trypsin I /WiYE % Cerebrolin [ J¥s% (4 Trypsin
20 -

s [a < b

8 260t

E 16} g aA aA

2 ¥ 8 a2

) K B_bB aC

= 12} i & scl IEB= 2 B

é | %0 cD|

5 Hyg

< 8 a2
# 2
= ﬂ g
g 4t =

g 4

g, :

1 2 4 6 8 1 2 4 6 8
iR [A] Hydrolysis time/h B[R] Hydrolysis time/h

Bl 3 ANIFER (IR RG %9 19 ACKE 4] % (a) 2 ABTS F Hi T BRiE 1 (b)
Fig.3 Different proteases on degree of AChE inhibition rate (a), and ABTS radical scavenging ability (b)

AT AN 7 b 2 7R 7 A ) A I ) T[] o 25 11 e A ™ ) 1% 400 1) 3 LA W 35 22 52 (P<0.05),
NIRRT S g 3 7R AN () 2 1 T[] — i e T (v 7 745 6 e 4 1) 400 o) 3 0 38 1 2% 57 (P<<0.05)
Different lowercase letters indicate significant differences in the degree of inhibition rate of the enzymatic products of the same
protease at different enzymatic hydrolysis times (P<0.05), and different capital letters indicated that the different protease at the
same hydrolysis time had significant difference (P<0.05).

DH

1.0
DH G ACHhE inhibition rate 0.8
0.6

ACEHhE inhibition rate ABTS+ inhibition rate
0.4
ABTS+ inhibition rate ‘ ‘ G MW>10 kDa 0.2
MW>10 kDa g a ‘ ° 3 kDa<MW<10 kDa —02
-0.4
3 kDa<MW<10 kDa 0 ‘ ‘ ‘ ° MW<3 kDa 06
-~ 000000 I
-1.0

*P<0.05 ** P<0.01

&l 4 AS[FIE DA JICAR, 1 16 A A 00 D K A BE . 40 fi . AChE il 1 &
ABTS A HIEERR R Z[E 1Y Pearson FHC R £ (r) /4

Fig.4 Pearson's correlation coefficients (r) analysis between DH, MW, AChE inhibition rate and
ABTS radical scavenging ability of papain protease hydrolysates at different hydrolysis times

EFRIEMSE, WEORRMAR; BB R R A SRR R/

Red denotes positive correlations, blue denotes negative correlations; intensity of the color represents the magnitude of the correlations.

MHEBSEERSY AD WIFM Az —M® N,  NS&EERECEWRT, 25 RA MR LA E 1,
2015), 5 AChE =AM EAEM . A, Wi RS58NS &Y

A3 E R 54 | BRES 455 AChE 1 QFe tLRE ELHEIMHIREB AChE 161, o FFAK Z It
il 2%, RIH AChE Ml G PEX A 5  Kou 55(2021) BB KM &[G S i, JF@ i 77 X2 uE 2
oL, CNBTREREEM IR B RITAY a &8 QFe B 516 P A7 A5 0 2 5L R 5% 55 A S0 47 i AH B
Be & P IR A BT T i ) AChE $ITE %, 42l fEA(da Silva et al, 2020).
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2.6 EHdiEST

& 7 Bon, FEEEFEYITE 250~290 nm T AL T
T A LR R RO . &R BT BA MR S A
ol 2 JK R B RN A W i M AR, A B PR S Cat
Fe” 4545, FRAE Mg e s IR S 21 8%, 5 T il e
Y5 Ca® . Fe ZI¥ R AMEAER, I R4S
G, BE#Y S ACKE 254 IR MR B4R, g
Tit it 7= ) AU AR T TR I 254 o

2.7 LISMKIES T

S T 28 380 P8 A 2 5 P A 20 A BE N 42 7 AR R
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Abstract Alzheimer's disease (AD) is a neurodegenerative disease characterized primarily by
progressive memory decline, cognitive impairment, and disturbances in language and psychomotor
functions. With the aging of the global population and the deterioration of the living environment, the
number of patients is also increasing. The World Alzheimer's Disease Report estimates that the global
population of Alzheimer's patients is expected to increase to 115 million by 2050, which could
notably affect the world economy and society. The cholinergic hypothesis is a widely accepted theory
describing AD pathology, which considers acetylcholine to be an important neurotransmitter involved
in learning and memory. The lack of acetylcholine results in insufficient cholinergic signal
transmission, consequently contributing to the development of AD. Acetylcholinesterase (AChE)
inhibitors can reduce the decomposition of acetylcholine by inhibiting the activity of AChE, making
them one of the primary drugs for the treatment of AD. The AChE inhibitor drugs approved by the
FDA include donepezil and galantamine. However, the micro-molecule drugs have strong side
effects; therefore, finding new safe and efficient AChE inhibitors is necessary. Pathological protein
aggregation, oxidative stress, and metal ion homeostasis imbalance exacerbate disease progression.
The correlation between different pathogenic factors has shifted drug research from single to multiple
targets. Bioactive peptides are peptide compounds with biological activity, which have the advantages
of high selectivity, high specificity, multi-target, high safety, and low immunogenicity. In particular,
bioactive peptides from marine sources have many specific structures and functions owing to their
unique growth environment. Researchers have prepared and isolated peptides from marine organisms
with antioxidants, anti-inflammatory, high blood pressure, uric acid, immune regulation, and other
effects. Trachinotus ovatus has the advantages of high yield, fast growth, strong disease resistance,
high nutritional value, high protein and essential amino acid content, and is a good raw material for
preparing bioactive peptides. Enzymatic hydrolysis is the most commonly used method for preparing
peptides owing to its mildness, controllability and low cost. In this study, the AChE inhibitory peptide
was prepared by enzymolysis of T. ovatus. Enzymolysis was performed under five proteases (neutral
protease, papain, alkaline protease, protamines, and trypsin), and different enzymolysis times (1, 2, 4,
6, and 8 h), and the optimal enzymolysis time were screened based on AChE inhibition activity and
antioxidant capacity. The hydrolysis degree, molecular weight distribution, amino acid composition
and chelating ability of metal ions were determined, and the structure of the products was determined
by ultraviolet and Fourier transform infrared. The results showed that the 4 h hydrolysate of papain
had the highest AChE inhibition rate (18.02+0.78)%, which was significantly higher than other
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protease and positive control cerebrolin (P<0.05). The ABTS radical scavenging rate of the
enzymolysis product was (52.544+0.89)%, the degree of hydrolysis was 14.86%, and the proportion of
components with molecular weight <3 kDa was 96.87%. Correlation analysis showed that AChE
inhibition activity was significantly positively correlated with these three indices (P<0.05). In
addition, the amino acids with the highest content in the 4 h papain hydrolysate were glutamic acid,
aspartic acid, and lysine, all of which were positively or negatively charged. The proportion of
hydrophobic amino acids was 34.92%, which contributed to the interaction between the hydrolysate
products and AChE and free radicals, improving the inhibition rate of AChE and antioxidant activity.
The binding ability of metal ions was determined. The enzymatic hydrolysis product could bind Ca*"
and Fe’"; the binding rates were (26.28+1.20)% and (14.25+0.85)%, respectively, and the AChE
inhibition activity was improved after binding. Ultraviolet analysis showed that the hydrolysates
interacted with calcium and iron to form new compounds. Fourier transform infrared spectroscopy
showed that amino and carboxyl groups participated in the formation of the complexes.
Consequently, the screened hydrolysate has good potential for treating AD. In the future, the AChE
inhibition effect of AChE inhibitory peptide in vivo will be further verified, and the primary role of
peptide composition will be explored, including the mechanism of action. This provides theoretical
support and scientific basis for marine bioactive peptides in the improvement and treatment of AD
disease.

Key words Trachinotus ovatus; Enzymolysis; Acetylcholinesterase inhibitory peptide; Antioxidant;
Metal ion binding activity



