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Abstract: This study was designed to explore the hepatoprotective effects of enzymatic degradation products derived from
sturgeon roe on alcohol-damaged hepatocytes and to elucidate the underlying mechanisms. Utilizing sturgeon roe as the
research material, the enzymatic process was optimized by focusing on key parameters such as enzymatic efficiency and in
vitro activity. The protective effects on hepatocytes were systematically investigated by using the HepG2 cell model.
Advanced computerized virtual screening technology was employed to identify potential bioactive peptides within the
sturgeon roe. The findings indicated that the optimum enzymatic product of sturgeon roe was obtained under the conditions
of 1:1 compounding of alkaline protease (1343 U/g) and trypsin (27 U/g) for 8 h, yielded a protein recovery of
49.30%+0.57%, a hydrolysis degree of 46.05%+0.92%, and ABTS" free radical scavenging rate of 51.45%+0.66%.
Notably, at a concentration of 5 mg/mL, this product significantly enhanced the activity of alcohol dehydrogenase (ADH)
by 168.64%+1.42% (P<0.05). The product prepared under this enzymatic condition at 0.3~2 mg/mL significantly elevated
superoxide dismutase (SOD) activity, glutathione (GSH) contents, and reduced malondialdehyde (MDA) contents in
alcohol-injured HepG2 cells compared to the model group (P<0.05). In addition, the product at 0.3~2 mg/mL also
significantly reduced alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities (P<0.05). Virtual
screening identified 5 peptides, including LPG and FLPR, in the sturgeon roe enzymatic degradation product, showed
promising hepatoprotective properties against alcohol-induced hepatocyte injury. Consequently, this study lays a solid
foundation for the further development and utilization of aquatic resources, such as sturgeon roe, in hepatoprotective
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applications.

Key words: sturgeon; sturgeon roe; alcohol dehydrogenase; antioxidation; bioactive peptides; alcohol metabolism

o S —Fp I A L 2 [24F D7 s py Al E a2,
BB S i TR AT o R S LR I A
—#BAERA HANE, JCHR G0 AR, B SR
FRT . AT IEERR . ANMUFIIRIIR . ToHLE:,
AR AN | 86 . ES AN AE i oo R Y, Rt gl 25k
“HREOEETP, ARERERM, 50X T AR
L5 AH D2 955 AN 4 [T U 1 &5 B 1R 4 (X (R 2%
R, Bk T, 24 e
SER U o, A T S T BT AR R P B SR
FIAYEAE . SR, BTk S /K B RIS IR
AN X S W R i R IO i o S R 1Y YA NI NN 432
SRS IELRE FEE RIS, 1A TS
SytitnFIECRTR B . Rk, VRSN TS A0 A
e A HI R I — 50U . S SRR, R BB
7MY B BREIIE, AT HESh 83 0 FR 58V A FRE Fnfat e
R,

YK AH 2 A 352 495 ( Alcohol-associated Liver Da-
mage, ALD) J2& 4= Bk 5 0L H 7T T B 19 18 1 2 98 =2
—, SAERI S RIERAIPET R A K, YR HIREEE
FERFEIFNEAR DT HERR, X 20 S St AE S I R T
PERTFR . SR 4Efb R RS, IRZ o, KRN
KRR 25 R EUFREME, PO B g vk 4% 1 XU
Ko ITARERIIFSE R ALD &IRHLEH Tl fe 5 £ Fp
A, aFERR T SRR RRE . 4UiEIE T
LEOT T EZ 25IRTT ALD ISR, ALD 936
JT TS AT ISR SR 4R T B A A R () Rt

BUERME S BB R T IR I B RUR . AT
PEAE B2 PN HIE S BN DN E L e X7/ i c N S S il

BOH TG PR 0936 T R ek 5 Fh o it

FEIRUL, R FZAR MRS B, 0] DAy
TR A E R IS A R IS 90% LA _&E1k
N ZBEN T A IR A LB e A B L R
BRI 1F AR ) R SEER, T AR 2,
s 5 B0 i 2 W i AU (ADH) | 4iifd (9,2 P450 2E1
(CYP2ED) it AL & 5L AL i >k U, Xiao &8
Chen 25U 38 350 X B r= 0 P & s ik . ADH %
W ARAEFE RN e 23 ALD SRR IUEFR T . 45
TR, A A TR AR ST ASRAS LA A A
POFRE S RER A= PG Tk 22 IR —Fh A R SR w1

PRIk, ASF e DA EAG g v 2 11 3T & B Ay iAo £
TR G, At BR PR AR, (S B S MITAR
1EF1 ADH #0006 B8 1 55PN Fa AR, 158 1A e i
Ty o Tl e = 4, B T R R TS A 405 T 44
(HepG2) #5178, ifF o Hoks At e . ik —
R B RE SATE S TR LB LT 1, 75 265 407
= rp B E AR TR TR Z T IE B . AT
Shy TR = AR AT P i R N BE R B
Fid AR T
1 APRSTA
1.1 MR5E

BretEifata - SN T EEYRHEAT RS
Hl; JERHF (4000 U/g) . DM (200 U/mg) i
YRR A BRAE]; ADH., JE TEm i IR nEng — 42
TR (NADY) . FHER (FA) | BREZ S . R IR HEIE
(DTT) . 1 ke L i 1% 41 (SDS) | 2F 2% — FF &
(OPA) | B Z ER% (TAA) M PR FE % 3£ [E Sigma-
Aldrich 23 AUHEATI5 R 5E (CCK-8) . ALkl
ALHF(SOD) . TN % (MDA) . &Pt HHIR(GSH) . T4



318 - £ Tl B4

2024 4F 10 A

TR IR (ALT) . RITAEMREILFALNE(AST)
K & Rt A AE Y T AR TS BT HepG2 4
M g R E R A BRATE] .

T25 HFEHL  fHE IKA 27l SHA-B 1HIRIR S
# g RAGES R A BR S F] 5 InfiniteM 200 Pro
BEARAY B3 F) TECAN 2\ 5 5 & %0 MR AH (0, 3% 4%
EASY-nanoLC 1200 & B¢ Q-Exactive Plus Jfi ii% 1Y .
3110 Series AL 248 25 [E Thermo Fisher
Scientific 2 7 ; Milli-Q A &4l /K 45 245 2%
Millipore 2\ Fl o
1.2 LWHE
1.2.1 R & uft 10 g BETFRERLL 1:6
i LBl 5 25 B /KR A, JTAE 8000 r/min 4514 T i
AT 1 min MBTANEE, SCIGAA tH TRSCIG LS R E . Bl
Ja , BEALBY pH B X 2= B & pH, I in A BEAE
55 °C FATHER. N T LAEBEMRI N, B 7ETR K
WAL 15 min, ZERSEES S, HERBRHIE = RS
TE 4 °C, 8000 r/min M T BB IE W FK g
& B EIRCE . ADH 3R .. ABTS $réE bFstn i
Mz, —80 °C &M k4.

Xof T B 2S00 SR 2R S0, JHERF (108 U) | fili:
G (5372 U) . DL JFEREG (54 U) 5080 8 B
(2686 U)W 1:1 EECHGHEGFME 4 ho £ BB ] 09 2
H 2 sz, SRR (54 U) S598P:E 11 (2686 U)
M 101 52 B, 5 SRR AR BT A A3 50 20 4. 8. 12,
16 ho X T hng & 04 o 2 Se e, {7 &2 Be g1 T
8 h i, 25 E< 2 Wl 43 S I 0.2% (B 11 U+
PE SR B 537 U) . 0.5% (R 27 UG 1E 55 F
1343 U) . 0.8%(JIEM 43 U+ & I i 2149 U) .
1% (R 54 Ui 4 2B B 2686 U) . 2% JIE i
108 U+ 1l 5372 U) s
1.2.2 JKf#HBE BRI E SR OPA il
IK B, B H OPA TAEWE (50 mL TAEMW T & A
1.905 g VUBREM . 50 mg SDS. 40 mg OPA } 44 mg
DTT) X% 1 mg/mL HMER .. b5, 015541 96 FLAR
FAFHIIIA 40 pL R TR (S HL) . LA MRS
(B 2H) FsE S R, I FHHEFG [ L Ahoin A 300 pL
OPA W . PRHIRS), K5 2 min J57F 340 nm
TREH SR . AREREE (DR AR (DA, &
01| B FIEWRAE A SR A GB 5009.5-2016KE
i 2 A [ SR L T AR USRI RE D T ARG 2
FUEIRE . BRAEB PSR AR(2) 5,

7K i P TR B

DH(%) = —————"" ] 1
(%) R x 100 2 (D
o TEAR LIEWR A R

A BECR (%) = R TE A x 100
@)

1.2.3 ADH #uE RN E  ARIYE Xiao U9 19I5,
AT —ENBER . SRR ER R E

5 mg/mL JE B EMBEE 2.5, 1 mg/mL, B RS
FESL 50 L 5 50 pL ADH(1 U/mL) iR-SIERAINE
f10e 96 fLAR T, BZEIKAE R XT ], 7E 37 C TH 07
B PIFE 20 min, B 22.4 mmol/L £ B BR 44 .
27 mmol/L NAD*V. 5% Z Bl 3:2:1 19 LR G,
FE 37 °C WEHE 5 min Ji [ A JEHRFLHFIIA 150 pl.
FHEEAR A 55 B 40 s K 340 nm W 6 B RL, A6 )
20 min. LGN BN F7E I, THERER (KD, AR E
#(3)755] ADH ¥ %,

. Kpen — Kx, 1
ADHIEE (%) = % x 100 x (3

o R

1.2.4 340 FRgfR i Wbl A kR Tl e =%
Zhao 57 1) J7 5 00 5 AH W) B 1R BE A 100
ABTS'H I ZEVEBRABE ST o Ml 50 pL 25 HHk E
0.15 mg/mL WJFESEW T INA 150 pL ABTS B,
SRR WRAE 30 °C F AR 30 min, Il & H 734 nm
AL SCEEEL, iCh Apego FH 50 pL PBS AR
PSR, VB BRH, WOGEE(EIC N A o ARHE=C
()15 ABTS' A HIEFRR.

ABTS*H E(g%i%ﬁ,%z(%):(l - i“)xloo WD)
Xof R

1.2.5 HepG2 4iil% 3% HepG2 4Ifi7E DMEM k5%
FeEL, b3 10% (v/v) B4 LTS 3558, IF4ERF7E
37 °C, 5% CO, M Z&AF T o Y 2H M2 75 53k 3 24
80% B, FEATAMMEALA

1.2.6 WKFIAES HepG2 Uit st~r  HEXT
A KB HepG2 40 LL 2x10% (14 %5 B2 B2 Fp
96 FLEF FEM BT FE 24 ho B4 & A3 AN [A] ¥R B (3%~
8% ) Wi I IR ARLLIE 77 24 h, R RIESE 6 =
flo F LW, BN 100 uL & CCK-8 11538
W, REEETFE 30 min J5, [ FHEGBR{UAE 450 nm 20K
M SERE (A, FIHA ) AUARXIS S 1k
PEEHWIE N 0.3, 0.8, 1. 2 mg/mL F g 10 Ff i
TR T 2411 0 5 Y L, ARSI 925 (R AR A R 2H

HRHLATI I 3(%) = 2@—* % 100 % (5)

TEHZH

1.2.7 340 1 P v A TR 53495 40 i 1% 44t At AH

XHE IR AR ERR T 96 FLMRIEFE 24 h i, 49
TN A [R) e i 6 £ il 75 W TLAL HE 24 h, 4520

INAZEORIE 6% LBEF5 407, X REL N A Stk 3%
3,37 C WFE 24 h, 3+ _LIEW, 53 5I0IA 100 pL 7
CCK-8 M5 IR, k228537 30 min Jig, 8 FHEGARIX
TE 450 nm AR SGEE (A), FHHHRHE CCK-8 X7 &r
i B A A AR XS ST o

1.2.8 0T EE R TS 7551 HepG2 4% AL
W e 2 AR AR SC Bl IE (A 2 HepG2 411
PLEEFL 2x10%/mL 50 F 6 FLACPIEEE 24 h J5, 57
i, AP BRLE | BRI N IR L, AR SR S AN

e FERE L (0.3, 0.8, 1.0 Fl1 2.0 mg/mL) Fi4b ¥ 24 h,



%4534 55 19

Elic = I S SR T/ PO R R O S T (B DR NG 2 1P 319 -

A 6% ZELrIE IR ARSI 24 h )5, WA 4H o d%
HEAH S S LB F3 2 SOD . MDA GSH 7K
Z M ALT. AST il ile guplsssdsf ALT.
AST /K- AR & 3ok BCA 150 &ilE -
1.2.9 nano-HPLC-MS/MS 23T Z K75 BUE &
Pt LIS WOA THEAZE C18 BREAEVATERER . Bkt
mi 28 B D A5 7E 26 9 25 U 1 HPLC-MS/MS 43
Mro #EEZRG B EASY-nanoL.C 1200 /1 Q-Exac-
tive Plus JlTi%{¢ . FHEE N 3 pL(53H7HE: Acclaim
PepMap C18, 75 umx25 cm), P4 60 min A4S EE 535S
e, FEmEEHIAZE 300 nL/min, FEEA 40 °C, HLBE
55 ML 2 kV, BB EE BE IR T . 0~46 min, 2% B;
47 min, 35% B; 47~48 min, 100% B; 48~60 min,
100% B.,

S PSS BURAR B R 2R R a2 17, A 3iE
MS F1 MS/MS REEMYIHe . TS0k & : MS: 9
iy FE 200~2000 m/z; 43¢ A 700005 AGC target
M 3e6; B SIEARTE N 50 ms., HCD-MS/MS: 5337
3k 175005 AGC target S 1e5; Bx K ARTAE] 45 ms;
Tl i BE 1. 28%; A HERRATIE] 30 s, >Rk PEAKS
Studio # 4 (inZ K BSI 2 &) 4 FRAS 2] £ KT 51
==

1.2.10 A=PRE P2 OB e FEADESE T, (1
Peptide Ranker( http://distilldeep.ucd.ie/PeptideRan-
ker/ ) AT IR B 4 22 42015 P T000 AR i L e AR i
AT I - HE)F . IR A A CPPpredChttp://distill-
deep.ucd.ie/CPPpred/) % A EL 1Y 4 U5 35 14114 T Pl
FHES o

1 Peptide Ranker ¥ 43 >0.5, CPPpred - 43 >
0.2, LA ARXTIEIFL>0.2% A ifsebriE, bk
HAEEEYIE IR, #E—2EHE— A=,
H v Peptide Ranker 343~ x §ili . CPPpred ¥F43 K
y B, TR A A TR AR U e s S RS, LA EDUL R
INZAAZIEI R

{#FH PepDraw T _H.(http://www.tulane.edu/~bio-
chem/WW/PepDraw/index.html) Tl 22 ik () & 1L
2EPE BT, AR L A AT L S K M
1.3 HuEIE

ety A SPSS 20.0 #4584 ss
B8 ¥Eim 4 GraphPad Prism 7.0 #4417 A R 545
BT, I BRES R L r i m 22T 3R ik .
PUNAS I ZH S A 04 P 22 53, SR SRR 2R 2845
Hr(ANOVA) 1454 Duncan 14 Z 5 Hhiyk, 5
F KSR P<0.05 F1 P<0.01,
2 ZBRE5Hh
2.1 A EBESFPEXT 8T & FESRR MR REERIREMERN
A1)

HH TR R A, AS[A] g A 2 X g 0 - st o
AT EEFYINL AN F], 2377 A AN R 2 k)7 51,
SECHK A BE AN AR BT RIS R 25 U . ASHIFSER

JH TR | ekt 2 Tt A I Tt T B P Tl O T A
AT TR A B R . Horh, R R DL
AL, TR AR BB TR &), tise bl 5
Arg. Lys. Tyr Fll Leu FHICHYHREE s E SR i
JEVR A AR ZEAAT I (Bacillus licheniformis ) B —Ff
22531 P IR

FH AL 1A T, AR B 275 2] () 5 40— it v
TR K S EE N e BIMRAR U2 R (44.27%+0.27%) .
52 OB A B E R Il . 25 [RACR A e BRI 2
JEPi(52.18%+0.29%) . &2 HCAF A o2 (. iUk
Ui A, AR A Z2 PP B R 5 ) HAT 55005 I B A80%,
AN o s =153 o

i & 1(B) Y, BfE ™ )88 & 52/ 5 mg/mL
B, B AR T Y ADH 3006 328 170.52%+4.79%,
25 T 2 TG S e (P<0.05) 5 7E 1~2.5 mg/mL

(A) 60.00q == JKfEE eemem A [ R
A B
~ 40.001
<
=
&
i 20.004

WG WMEECEG R
e

(B) 200.00 4 = 1 mg/mL == 2.5 mg/mL 5 mg/mL

_
W
5o
=3
S
1

A

B (%)

100.00

1

ADH
W
S
[l
(=)

(=)
L

(©) 40.007

ABTS™H HILERRTR (%)
— o w
(=) (=) (=)
() () ()
T 1 T

T
‘ R
P 1 AT T IS X T A YR/ A B R DA (A |
ADH #1%%(B) . ABTS' [ th AL % (C) 1)
Fig.1 Effect of different enzyme species on the hydrolysis
degree and protein recovery rate (A), ADH activation rate (B),
ABTS" free radical scavenging rate (C) of enzymatic solutions

e AR NG FRR B 2R, P<0.05; & 2~& 3 [,



- 320 - £ Tl B4

WPETT, 2R P A PRIV A ADH S BE T
FHAhBE R, (DGR 2255 (P>0.05) o X2
P T 22 IR A R JHORE S I 90 2 5, el P A, P T R ek
it B DAL R AN [) S SOl - i 2R B 25 1 R
AEPIEPEPT . Zan 4P Xiao A5 43 5IR FH BRI A
FIE . PR AR T Pk . XK R . AR
B A e ADH B0E IR, A& BUHRTE S
6 A TS ADH 306 IR, X S5 o4l
—K,

th & 1(C) AT, 52 B A 2R ) i = b A Ak
HEJ7(38.05%+0.42% ) Ik 35 1= T PRI A B AL 28 ) g
IR (P<0.05 ), [R5 28 I B LA L RE ) e 2
PE2E 5 (P>0.05) . PRIk, 45 A=K i | &
I ENR A . ADH 30635 . ABTSY H B 2L 4R 1992
UL R L A R R AR X e g 1) 2 e it (B 2R
il < R TRE=1: 1) SRy 7K S e e PRI e, ok Gl 125 551
kLA Tk
2.2 [EEGHRERTE) 345 6 FRE AR R R ER AR IR MERY
20

Wit 25 T Fo sk TR P8 S 1, Tl T 22 IR R RS IS0 AR
SRR IR BIAS IR, 2L B AR S A
PER, AIFGE 5 S BO A PR, AS [ B A e X 6
TR S BT R 2]

R T 2 (A TN, i Bl F 1] AR B, 7K e 5
S 5 )5 S22 e B, TEBAIT R A 8 h Bk E4E
KA (44.43%+0.97%) o T 2K P [ A R L P28
18 TR S, 7E 16 h B 3k 2 5 i 7K S (60.85%
2.22%),

FH & 2(B) ] %1, [F]— B A s el T, T ik
5 ADH S22 MIEAESC T, A BRI LER,
1 A1 2.5 mg/mL ¥R & T B iR i ADH 300G R 52 2%
1 T, SRR TE] Y 12 h B, B8
BER 2.5 mg/mL H}, ADH #753K 154.01%+2.86%
TERHARWAC BE RS 5 mg/mL B, ADH J5§0E % 2 9156
T v S BRAR Y A F LR BRI > 8 h i) ADH J#0&
HIA(175.79%+0.79%) .

& 2(C)ABTS" [ LI BRAE 1t S8 shAAE
A, CHE SR UL TS RIS TR R, shasng 2 Ak
TN A B A X HE R g, L e gt b 1] oy
4 h 7 ABTS' F I EE7 R (38.97%+0.62%) 1 35 15
T H A A 1] (P<0.05) o LA 7/K RS . 8 [l
S ADH 0GR | PrAEALFS bR LI B R] A4S, 4
8 h MR AU T8 R RIS .

2.3 P EIEERMEX 86 TR E KSR/
AU

A FFT S, FREA BsF TR RIS i f A= o v e
Z KRB EA BT RSP, K, A5 %
22T AN 52 0 RS T X £ A S50 3 N R
PRSI

FHIE 3(A) FT ], BEE BSINE AN, KNSR

2024 4 10 A
(A) 80.00m m= JK i) cecer 4 [ ] %
A
60.00 A;}_?» 7
2 40.00- N N
= N N
20.00- § N
N N
0- N N
12 16
TR 1] (h)
(B) 200.00 4 o | mg/mL @ 2.5 mg/mL 5 mg/mL
ab
~ 150.001
s
¥
2 100.00
jast
A 3
< 50.00
0
4 8 12 16
[ a] (h)

50.00

40.00

30.004

20.004

10.00+

ABTS' [ L% (%) O

8
BEATRISSE] (h)
Pl 2 AT kA S ) X Tt 00/ it P2 PN F9 ISR (A

ADH i #(B) . ABTS" H H3ETFBR = (C) B2
Fig.2 Effect of different enzyme digestion time on the
hydrolysis degree and protein recovery rate (A), ADH
activation rate (B), ABTS" free radical scavenging rate
(C) of enzymatic solutions

[l iR 8 S IR 18 T i B ke A . AR I B
2% (P 108 U+ IERR A 5372 U) B2 A iR
(58.77%+1.09%) 5 7K fi# B (51.06%+0.20% ) & 25 /=5
FHAhLH (P<0.05), X 56 BA NS i = A NG Bl i
TR AT

r I 3(B) TN, [F—REAs AR O, B
BE 5 ADH B0 3 55 IEAE G Bl A5 S A 14,
AN T ¢ T8 il F T ADH 500 5 552 B 12 398 i 1) 84
P, TEEIOFEHE S YRE A 1 mg/mL B, NG
A 2% BF S HA LA i 2 25 5 (P<0.05 ) FEf
T W M BE S 2.5 mg/mL B, INEE SRS 0.5%.
0.8%. 1.0% JC i M 25 573 (P>0.05) 5 1E 83 T il firt
FRWIHBE SN 5 mg/mL B, MRS 0.5% B 55 Al
ZHIC W EPE2E 7 (P>0.05)

K 3(C)ABTS' [ H3LiF KRER S W 2 B SeH 5
BAR PR n iy s S A8 fba . ZE g 528 0.5%



%454 5 191 KA, S SO TR XIS I AT AR A PR FH B MR e AU i - 321 -
(A) 80.00 == JKfiftiE eemem R IR (A)120.001
60.00 B 2 < 90.00 £ .
A9 C s S ]
;\; c C = C g -E _:E .
2 40.00 E:, \ \ § :g 60.00 .
SENA R R RN = s
20.004 \\\ \ \ § E
“N Y ) Y N
0. 0.5 0.8 1.0 2.0 YR 3 4 5 6 7 8
g (%) KRR (%,V/V)
(B) 200.00- ®@ | mg/mL mmm 2.5 mg/mL 5 mg/mL (B) 150.00 X
be be , ab T
~ 150.00- 2 e L T
S = 100,007 T = T
#2100.00 =
= oo
% = 50001
< 50.004 =
O' 2 a3 /| 2 C T T T T T
02 05 0.8 10 20 XPHEZ4L 030  0.80  1.00  2.00
T (%) A5 411 T TR T (mg/mL)
(C) 60.00 (C) 120.00
NN 1 b T £
Q\<= b sl o *
& 45.00- - . __ S 90.00- I
& "
#30.00 Z 60.007
E z
= =
& 15001 = 30.007
m
<
C T T L] L]

0.2 0.5 018 1.0 2.0
A (%)

Pl 3 A [ Pl e o PR /K it P2 R 1 [T (A
ADH #15#(B) . ABTS' [ HZETEBRR (C) f5
Fig.3 Effects of different enzyme additions on the hydrolysis
degree and protein recovery rate (A), ADH activation rate (B),
ABTS" free radical scavenging rate (C) of enzymatic solutions

(51.45%+0.66%) T 0.8% B, T EMEZEH(P>0.05),
K 2h A A TR as R 5 il #5425 515545 0.5% iy
B

ZrG FIREZR G Gl #5 liAs, BEHEs N & Be A
0.5% (JEREE 27 U+pdi4E R 1343 U)BEfERTE] 8 h,
PEATRE T A I 27 JH S A #5495 40 i B A
YER . TEMb T 459 2 B B AR X2 90 35 1 | =k
49.30%+0.57%, /K N 46.05%+0.92%, H i FLE
[4:3% 3 51.45%+0.66%, 7E 1~5 mg/mL B, ADH %
WEFRIE 79.38%+5.33%~168.64%=£1.42% Z[4a],
24 S TR YIEREIRG HepG2 MHARMERTE
pal:pA1

A5 R FHAG W47 HepG2 4 AR UL K5 46t
MRS, P EaT & i = s )
AP EN . & 4(A) TR, HepG2 4ARRT 7% J1 kil
TP U B8 I I i B i 2 PR (P<0.01) o St Uk

ZLEHAT 030 080 1.00 2.00
0 ¥ B L TR BE (mg/mL)

Kl 4 R0 HepG2 AHAEE TR BETR e (A) | FESLEEIERS
I (B) A6 T B fe BF S HE RS 4% HepG2 4R
AHXHE 7 1y 52 (C)

Fig.4 Alcohol model concentration screening of alcohol-
damaged HepG2 cells (A), sample toxicity (B) and effect of
sturgeon roe hydrolyzed samples on the relative viability of
alcohol injured HepG2 cells (C)

H: AL BB, *£R SXT R4 A BEMEZER, P<0.05, *+ft %
55X IR AR 24 5, P<0.01; C B, #3255 %
MRAA BEEER, P<0.05, #CRIAI 5% A AW 2%
P2 R, P<0.01; *FR AT E SRR A A B EEER,
P<0.05, **{t 2 4b P 20 5 4R 41 o B B E MR 25 S, P<0.01;
& 5[,

N 6% B, HepG2 IR AHRT 1% J17E 50% oA, 1F
IR 2T BT 45 AR it s BB 493 (EL SO 25 T 365 e 4
AN AT 55 g 35455, 3Tk, AR 6% ks Ik
BEVE MBS, W 4(B) B, SRk B AR
ALFHZH P REHE T AN M AR XHE 1, H ARSI A
FUBEPE, 2YRETMRE R 1 mg/mL B EE 35 T 25 40 it
FXHIE F7(P<0.05) ., & 4(C) 455 7R 5 % B 2H #H
Lt , AL 2H 0 MU AH X 36 7 (69.49%+0.90% ) H% .35
[ (P<0.01), RoRIEM T o 1A [F) 658 - B i e
By Ak B2 F AT HR T AN AR X9 7, Hod 1 mg/mL



322 - £ Tl B4

2024 4F 10 A

(90.89%+3.98%) 5 2 mg/mL(98.86%=5.65% ) k£ i
A FRZH A AR 1 7 2 R (P<0.05, P<0.01) .
2.5 B8 FEGMR I EEI HepG2 HHRESE (K15
FRESZN

A FELREL VTl T P0G 451453 J 2 R ) AL A N T3
FRPORSE A AR SCHE AR B E L . SOD BETHER-EY
ARAE B R AR v ™= A= 1A T 0T, S N HhT
EALN I B R Z PO E 5(A) s, 55X
REZHAH Eb, BEARYZH Y SOD [ 1 PE Al 2 38 BEAIL (P<
0.01), BEHHARMIAIHTAALDLH] OB ER, 2B LI
PRIRAS . AR ACFRZH SR 2H [V 3R, SOD R 1
PR IAEAREE Y I, s R )R] DA
FIPAS 5 DR A S AL B0 3, IfHE g5 SOD Bgh
PERIK . HepG2 4B T AR

TEPTE R R I EZ 5, GSH & &= 194AE
fhfeis I AR & b ke 1R, HIE 5(B) s,

(A) 40.00
3
2 30.001 ES
DED ##
2 20.00
#H
hread
8 10.001
wn
T T T T T T
XIRZH #O0ZH 030 0.80  1.00  2.00
fid b AR R R (mg/mL)
(C) 2.00-
45 ##
S
o 1.501 J-_f
£ .
S - - .
£ 1.00-
i
Qi
<< 0.50
a
=
0 T T

xﬁﬁ%ﬁéﬂ*ﬁﬁéﬁ 0.50 o.éo 1.00  2.00
fid 6 ¥ WA R R B (mg/mL)

(E) 40.00 1
30.00 1
20.00 1

10.00 1

ASTI% M (U/g prot)

5% BEZH AR e, RS AL 2H GSH & 8B I 35 A
(P<0.01), ARl BE £ il i A FRZH Y REH o 2
HFHE GSH &/ (P<0.01), /AT DLfg £ i
E W RE M IE GSH -2k, B sa R A i i vE KRRk
7, PNy B A sk e P ME R S RO RS
Wits, LAY DI RE
FACN BIRAS TR H A3/ RN & 528018 i
S E AL U (MDA) A 5P, H I 5(C) BF
7N, SATREZHAH LL, WS ASITRIZH MDA 7K il 2514
fin(P<0.01), IR 6% PFGREMS IS UM & A ™ E 1Y
B A AL, SIRERBIAIZE AR B, AS R BE 6 f0 i
i R Ah B 2H M5 R T S UR 405 4 B P MDA i
(P<0.05 8% P<0.01),
£ MDA Fll GSH 1, H 5 4H7E 2 mg/mL B H#1
TR AR IR, 3X 5 AT Zhao 457 (ST
25 R — 2, 0T BB DY Sk — 2 22 OG22 &40 S i A

(B) 30.00-

g —=

=

220,001

o

£

2
] i
&1 10.00- . -

T

wn *k
O it

=

Xﬂ'ﬁéﬂ*ﬁﬁéﬂ 0.30 o.%o 1.'00 2.'00
fid 6 T R AR R 2 (mg/mL)

(D) 25.00-
#t
~  20.00-
o
&
o0 i
2 1500
£ 000 E .
H:£ . - *ok
& iL J_E == 1
< 5001

0 1 1 I 1 ] 1
STHRZH AERIZE 030 0.80  1.00  2.00
0 AR AR VB (mg/mL)

° WHIELERIAL 030 080 100 2.00
i {0 R IR T (mg/mL)
K5 07RO TR HepG2 41 SOD &1 (A) . GSH %4 (B) . MDA 5 £:(C) | ALT {ff4(D)
AST 151 (E) B 520
Fig.5 Effect of sturgeon roe enzymatic solution on SOD activity (A), GSH content (B), MDA content (C), ALT activity (D), AST
activity (E) of alcohol-injured HepG2 cells



%4534 55 19

U RIS N, BRI SN . ok Chen 2569
WS & B0, B AR R B OK g i) YGDEY 1ff
VL3835 18 775 AN JGE B SE X Hep G2 41 A0 iE G
7S UL TR E o

4 T 240 i 52 ) 2 B 0045 55 B 25 R AR VR TR e T,
DTN A i ) il 2, R AST Fil ALT. A
I, AST F1 ALT % FHAFE SUSH8 F5 >k P74l T 3
0N, & 5(D) . S(E) R[], 5 %F B AH Lh, 455750
ZH AST F1 ALT 7K R 3 T 55 (P<0.01), AN [F]Hk
JEE BT b ) 2 T R BRI RS P47 Hep G2
AP AY AST Fil ALT 7KF(P<0.05 8% P<0.01). A
seRT I, B Tl 43 Ak B ARSI R
M ALT F1 AST 7 Pk 34 im i i 1) 4 47 40 it 1)
fEHS
2.6 B3 FESREFYIPIEMIKEE S ETFE

Peptide Ranker 11 CPPpred Wi 43 T. B/ 43
BEE IR 0~1, Horp 4380tk vy, T B 19 AH e vk
Jri R, R AS SEEKF Peptide Ranker., AH Xof 145 ]
FH. CPPpred TGP orFa bt M s BIMIKHESS , ik
H [F] B &5 & Peptide Ranker 343 >0.5, CPPpred -
43>0.2 DI Kz AR RS I 1 FL>0.2% 258 i ik B, 455
5 R HEAWAEAEYIETER Z K, BIE 6 Fige 1l %,

SRR A 40 TR YT RS T AN A ARV FE B s R R A0 - 323 -
0.60 -
. 0457 . ‘
li
B 0.30-
o
: @
Q
0.15-
0 T T T T T 1
0 02 04 06 08 10 12

Peptide Rankeri¥-4)
¥l 6 Peptide Ranker, CPPpred S AHXJ 4 iR =& 2 R 1K

Fig.6 Relationship between Peptide Ranker, CPPpred and
relative peak area

TE: PR R A e T AR

Z KT %) LPG 14 Peptide Ranker ¥F43#% 155, A 0.97;
FLPR 1Y) CPPpred ¥F-43 % =i, v 0.43; ALPLDPK 1
FASFUETT AR AR 0.47%. AR 1 A%, 5 P AKAYER
IKPEFE+6.89~+12.62 keal/mol 2 [H], &, f57E 5.58~
10.73 22 [a], ¥ FE fof 76 O~+1 2Z (8], AH Xt 43 F i 7E
285.17~752.44 Da 2 [8], 455301, tafa TP AT
A G Z WIS T RE S ik 5 A AEWna e
FRBEAT O, T EE b —25 10 SER HIE

R 5 FMKBYEY)A5 B

Table 1 Biological information of 5 peptides

N2l FHXT TR RR (%) CPPpred Peptide Ranker FHX73F i ik (Da) K (keal/mol) SFHL R
ALPLDPK 0.47 0.35 0.56 752.44 +12.62 6.44 0
LGGL 0.31 0.37 0.71 358.22 +7.70 5.58 0
KYPL 0.28 0.33 0.59 519.31 +8.88 9.78 +1
LPG 0.22 0.24 0.97 285.17 +7.94 5.58 0
FLPR 0.21 0.43 0.93 531.32 +6.89 10.73 +1
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