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Abstract: As a novel fermented beverage, seabuckthorn vinegar drink (SVD) has demonstrated promising efficacy in promoting intestinal
health. However, its specific mechanism of action remains unclear and requires further investigation. Based on the characterization of basic
physicochemical properties and antioxidant activity of SVD, this study further explored its regulatory effects on gene expression in intestinal
epithelial cells using transcriptome sequencing analysis. The results showed that SVD had a pH of 3.75, total acid content of 1.02 g/100 mL,
total phenolics of 88.97 mg/100 mL, total flavonoids of 237.14 mg/100 mL, and a centrifugal sedimentation rate of 3.64%, exhibiting strong
ABTS"™ and DPPH- scavenging activities. In the Caco-2 cell model, SVD regulated the mRNA expression levels of AQP3, AQP4 and MUC2

genes. Preliminary western blotting results suggested an increasing trend in the protein expression of Claudin-1 and Occludin. Transcriptome
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sequencing analysis revealed that SVD regulated the differential expression of 2 818 genes in Caco-2 cells, with differently expressed genes
enriched in signaling pathways such as Notch, Hippo, and MAPK. These findings preliminarily suggest that SVD has the potential to regulate
intestinal water transport and maintain intestinal barrier function by modulating the expression of genes related to aguaporins and mucins in
intestinal epithelial cells. This study provides a preliminary theoretical basis for the application of SVD as a functional food in the field of
intestinal health.
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H Gibco #2flt; HHER-HHZE (AB) AEEMR, KH Cytiva AF]; TEMED. HZR. Tween-20, MHRTH T
AT PR (MTT) 19 BioFRoxx: /5 | brfti . S TERFRES . 2,2-6%- - (3- 2 FE- 2 JF-HEme-6-hiR)
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T2 Y=0.341 1X+0.037 4, R°=0.998 4., FIl FFl IHAofe 25+ 54 S 30 5 B, BesR 4 L LA mg/100 mL 75T 245 (RE)
FoRo
1.3.15 BEOIERRE

H 10 g VOB ICE T B0 N, 7E 4000 rpm B R B0 15 min J5, 35 138G, MSIIRE, PATIR5 3 Ui
S, AR (D HEEOTTER.

D= ﬂ >x00% D

mO

K#:

D—— B IR E, %,

my—— SRR B S B IR N RE;

my—— A SR B ST R B
1.3.2 mBALFE N Z
1.32.1 ABTS™iERRZINE

KEUERRE ABTS FIIHBRERHIRE 145 7 mmol L[ ABTS WA, It S5AHEHAFAN 2.45 mmol L™ i fififg
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DACFRAN, SR GVD RS AL B ] FRAH AR R B 20, &I E 5 AN E AL, TIREEE, R
SN 37 “C. CO, AR K 5% LRI 246 s 5% 24 ho FERIEFRM, AFFLII 100 Pl #7 0.5 mg mL™ MTT TAE,
YratE R A JERALLRIIIA 100 pl B2 R, ERE A IR E 16~20h J5, FHEFFRAE 570 nm ALl &R OE,
MATEE 3R, A (@ IHEARAEER:
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Sh5 MTT SEIRSER, EHUATR /3805054 0%, 0.05%. 0.1%- 0.2%[1¥DMiEE T IF 82ttt . U Ed K
AR Caco-2 41, LAREAL 510° cells [ FEBRNT- 6 FLIBFRICTH, B TR P LN RE . VDS Tk #40
f2 24 h G ZREFR3E, N PBS 29k 238, NN 1 mL Trizol WCAEIFZLEANN, FH Trizol VAHRERANMLE RNA, 43k
3117 RNA UTHEH 75% LB stk a B T8 KW - IET, B 30 uL DEPC /K% fi# RNA. DL RNA bR, %
AN AT R B S 3 cDNA, FELL GAPDH AW S, fdH] HAREE D B et 5 WA 70Ot E
& PCR #&ll, M ER 3K, HHEOHTEIE mRNA AT EIAE. &R E BiEAd TAY TR E
Ram], BARFPIIER 1R,

1 A3 A RT-qPCR 5[4
Table 1 Primers used in the present study

A 2 AR Lasl S (5-37) T A (5-3)
AQP3 GGGGAGATGCTCCACATCC AAAGGCCAGGTTGATGGTGAG
AQP4 CAGCCTGGGATCCACCATC GTCACTGCAGGGTTGATGT
MUC2 TGCAAAGACCTGCCCTGC TCGCCCAGGAGAGCGTAG
HES1 TGTTTGGAGGCTTCCAGGTG TGGAAGGTGACACTGCGTTG

MAP2K2 CGAGATGTGAAGCCCTCCAA TTAGGAGGTGGAGCCATGTAG
TEAD4 TGGACAAGCCCATCGACAAT TCAGCTCGTTCCGACCATAC
GNG12 CCCTTAGAGACCGAGTCCCG GCTTGCTGTTTTGCTGGACA
GAPDH GCACCGTCAAGGCTGAGAAC ATGGTGGTGAAGACGCCAGT

1.3.6 9 RAR K & & FAA K 5 EP A

VPG AN IR B VD RIS oo B b K2 Caco-2 4 A iz B A G B 3R IA /KT B TR0 FH , SR FH G2 B C At
Caco-2 4HiuH 1 b Al G R R K . [F) BIR s 2 M BN RE 5, 45 TR 73409 0% 0.05%- 0.1%.
0.15%-. 0.2%-. 0.4%FJVVIREERACEE 24 h, UCEEANMT 1.5 mL &08 o, BO0RER B, JIE TN RIPA 41z
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fiA 250 pl CE T BRI HIFAN SR I BE AT 2.5 ul), UKIEERAE T A0 R 40 B 7= Bl AR R e, =50 (4 °C
12 000 rpm> 10 min Yi£E i, BCA GG RIS & B B 2R %, SDS-PAGE VKBS, AR5k 7%
% PVDF i, =R 1 h, & TBST Yefi/E, MMATZEE 1:1 000 LRk —3, 4 CHRENKR. f4 TBST ¥k
&G, IINIZIE 1:2 500 LL@IRGRE) — 3T, =R E 1.5h. TBST MR =G, ARG, MRFAERGHE
ITHECUR . 1H Image J B A5 B e BIC 5 AKFEAE, LA GAPDH 2% 2 UG i 1 (I R IA /K P-4 74)
ZEs
1.3.7 RNARIR. 35340 XM E Aol 5

FH Trizol 2 WNZE7b e TR AL 5 B4R RAE A FR 4R LR RNA, & 81 Btk mRNA J& 5% i cDNA, 3% adapter,
XTiERE adapter Ja =T AR 7 B ok, SRJEET PCR 1Y, 18257 % . K Novasep X Plus
PG AT EE E Y HEAS A P . B AR ER 2 A e AT IR B AEME BT . % e s A A
KITAEZFE Bl 5 R 2R A PR A F] 5E R
1.3.8 MAHIEAEMIE EF oM

PAIR)—JE R () 15 25 454 (Fold Change, FC) >1.2. 4%RKFIZE (False Discovery Rate, FDR) <0.05 i
We2kAt:, 4] DESeq2 Bt it kA R 22 ik 3L (Differently expressed genes, DEGs). FIHEHEAM =&

(https:/Amww.majorbio.com) % DEGs #47 GO &4 LK KEGG ik & F5EE /0T

1.39 BRI

S E R GraphPad Prism 10.1.2 BT S0TH 704, SR Shapiro-Wilk F56 PG R IR,
Brown-Forsythe A3 vFAli 7 2255 VE . WAL LU BCR B REAS t ReSe; — 2 & DA b PRBCR H B R R 07 22 90 i

(one-way ANOVA), Ff-F Dunnett £ LAk 30 i T4 ] LhAR, P<0.05 Rndan A B E LR .

2 #HR5S

2.1 VBB KR LARAT

SRR FEUD RIS U S R AR P, AR SOV R (0 3 TR REAT AR, I S0 IER R R 3 Ot 47 T
AT . GEERAIF 2 FoR, YOBRES T pH fEoh 3.75, BERLLZFERTHR, S & 1.02 (g/100 mL), HvbikEHz
pH fi 2.80 bF+%y 33.92%. fEVEHMHERCS: 75 1, ¥WBRES R & &y 88.97 (mg/100 mL), Hyb 5 %
60.00 (mg/100 mL) 2714 48.28%, +&3F 5L 24.00 (mg/100 mL) 1) 3.7 fi5. VORI A JE 2 da 1 & b S fh A2 n
TR, RS EAE 20.95~450.00 (mg/100 mL) [X[a]. VDS EEHER &N 237.14 (mg/100 mL), FEA
PR & T R 2RSS S P, SR A S S & 21.07 (mg/100 mL) [ 10 fi5bh . Fiksgh R
KO, REEAMUGE TR AG IR, R ERT 7 el . SIS s, MEARRKPUEIEEYIR,
HATEBRAEN A M, P8, MRS SBREmm, ot WHESREOUTEE AN 3.64%, KRR
EME R

3R 2 IR REVIRLAERR
Table 2 Physical and chemical indicators of SVD

FEALFEAT MELER

pH {4 3.7540.01

B IR E Y% 3.6440.50

%.5/(g/100 mL) 1.0240.01
%./(mg/100 mL) 88.9743.13
%2 BA/(mg/100 mL) 237.14+4.16

22 VBRI AR Y

ABTS St il e & A S Sl AUk, A2y ABTS PRI IR 4R €, 1% ERJEAE 730 nm AbAT S KR SCI,
MHAAHS ABTS™ NG, 2fiHARE, FH730 nm ALFIBOGERK . Fit, BL730 nm AW SGAE AR A
HARbR, T ELPPIN PRI BTAULRE 7T Q1F 1a Bs, YORRES ORA T2 1) ABTS JBIRACR, 1Cso {54 0.36%,

5



MR ERmEE Modern Food Science and Technology 2027, \ol.43, No.5

HEPR BRI . 24 RFR 5 1.20% 0L B, YOS Uos ABTS™ R34 R 2 95%, 5 50 mmol L Ve 155k

BRI HFEZERBAR AL, BRI ABTS JEMREE B E T HERES (1C50=35.11%) FIEEMIAFC R IR
(1C5=1.08%) B,

DPPH & —FiAE A0, MEFRE M E s, HPEAR RO, YRR PEEPUENTIN, DPPH HH
FEHEOIEE N (I FE E B 3L DPPH-H B, 78 517 nm &IIWOGEE R ARk, WROGEER) RREFLRE S B LT
BRAE IR R MFE 1o FoRgs Al WL, YDMRES O DPPH: TSR E R B, ICs [N 0.92%, HiBRRR 2K
FERASE BT OBRES AR 2> % 2.8%0 % DPPH- T FRZIA E] 80.29%, 5 50 mmol L Ve iR KE 2.
#t DPPHABIRRE I S, WIS AR TE 505 (1Cs0=1.27%) FIEAIC R (1C5=8.15%) ©, ABTS & DPPH
PR E B EE BR ST a0 45 SRR VD B I B A — e T TE

PORER S E VD PO TR 0 S R AR MR R RSO ST AR, AMNT LB RS B 2, R I
TEAZIAF B2 SRR 218 N (NMf/ARED {55181, S EbEs (SOD). 2 H kT4 ik
VI (GSH-Px) ZENIREMPTAMBRNRIE . I EAEMIR. RIEH R, SRS, BaiEmyg
BEJT, BEWSELBEIGIR A B3, WAL BB HUAZL SRS AR SOAS 45 S B v I SR 2 R B R Y »
HR RS TR & B I AR R, OV IRES BT E AT SR T T A

a b
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V772222
Y2228 +

IS
=)
1
Y7727 A
e
<

Yz
Yz
TULL000000 02
g Bl
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L4
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O xR AT Vh R AN EMEENEN:

SVD (%) SVD (%)

B 1 DmRERTRAvT A IR
Fig.1 The antioxidant activity of SVD
Z: (a): ABTS™/AIRAE7; (b): DPPHAIRAES; HafmZAAAk, #& P<0.0001, n=3.

2.3 VEEEK o Caco-2 i i E Aty v

125+
1004 = A A A =
75
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MIRFEEE/ %
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3

0 1 1 1 1 Ll 1 Ll f;?l l:l
P

Y > D > %) 3 “
AR AR S S IR

SVD (%)

& 2 SOHREETRRT Caco—2 LRARE SIS
Fig.2 Effect of SVD on the viability of Caco-2 cells
A HafmeiAak, #& P<0.0001, n=3.
NBITFEVD REE 0N Caco-2 AR 1 HOSENE , A HIANRARR 7> B Vb RIS R AL BRAMM 24 h J5, SR MTT VK6
WIS 77 25K WE 2 R, ERAMATREGEEN, MAER SN BATTRE 2R, RPVDBES AR5
HAE 1.56% AN X} Caco-2 AHMITCHT B3, (HBEE VORI AR 73 B T, AMAAS 3 SIS T s,
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ZUETHH, 1ICso(E AN 7.75% ARAGHD . Dl AT 3AE 3.13%I), AL T %% 86.18%, it
i B — S R 4RI RN s A AR B0A F 6.25%0F, 4IMUFIEHR NIEE 2% KA 4iAF] 1250 EEH
I, M EER SR RS 25%0L T, RILHEBRZIMANEEYE. X —I R AT RE SVPRES CRAK pH ERTER RS
FER R, mfRAR o BV RS I BO% R EE pH B2 N RS, Bt T AMRAIINSZIE L TSRS T 4HR A
R E AR S AR DI RERRAGSE, A FEAIMRAAE R RIREE T . 202 R, VRIS I & BARFA S H0
FEl X Caco-2 422 &0 FEA SR SR FT Hh 513 T2 45 AL 22 PR AR 4 HGT el 3 O S

24 WIEOSACEE R A F% B 4 E MRNA Rk KR #

KEIEH [ (Aquaporins, AQPs) & —Jn] ME /KT E & AR, T4 . ARk
AR, 4 NER I N AQPs A B I I £ SEUK ML EEWRI, 3 A BRI 4 s, T 5| AR
K. Cao MBI #AOK SR PY AQP3 Fll AQP4 mRNA FUENFE, Hsaf7iE foKAE S, R/
I KE, MR N LR AT DAHGA AN FORRERR R, 177 MUC2 1E A2 IR SRR 32 K 55
TS VFEIBIERR S MUC2 (AP 5, @107 A B T Fkash e fiasta,

B3 45 RIRoR, SVDBEEUACE R, 40T AQP3. AQP4 ) mRNA Fik /K P AHEL X6 HRZH S B R A,
MUC2 ] mRNA FRIA S FFHE S JKIETE & 3k BRI i 0K 2 BRI RE 12k, 4758 2 (17K 5 BEAE W
HEWN o WIREE RS i R R B /KPS mIE RS — R R RFRREROIR A E, MO aE 1 giE
FRIBIIBITIRE, X2 THLH 51k A SLIb 45 AR TLIERE . Zh eI IbE VD BRI v] 2 25 kM 5T,
I AT 0.2 0 ok SR SR B R AT RS A R 2 (TR M B IR, 7Ry RIS VT it 2
WA AE DR .

a b C
W ] - S
| ) b
&® 2 4 2 4]
& % 1.0 % 4
- ‘ NN
‘ z
Z : :
Eo = 0.5 a 2
5 o =
= < =
0.0- o
¢ 005 01 02 0 005 01 02 0 0.05 01 02
SVD (%) SVD (%) SVD (%)

& 3 iPHRBRTAXT Caco—2 (AR IHXEEFRIAZ T
Fig.3 Effects of SVD on the expression level of related genes in Caco-2 cells
E: (a): AQP3 89 &iA&; (b): AQP4 9k ik%; (c): MUC2 ¥ &L &; HatRLaIbiR, **& 7 P<0.01. ***& = P<0.001.
*xx g 7~ P<0.000 1, n=3.

25  WBREEIR Xt Caco-2 mi W Kk B E A R A W B

Jr_b I SR AR R B B 5 W s 2 TR R — AT 25 (D FE B . 3X— R AT A e 2 IR . /KA 9R4y
(s, A5 AT ARG I EY TR R RS AN 7 b 400 2 1) 2 il S s i ek
BFEA, T AR R BRI DI BE , AT (T R AR BB BB T 0 2 S U L e B m i R ), i 4 ps,
SRR BB AR fS, Caco-2 4HH i B A G B ) Claudin-1 #11 Occludin (1A /K- 23— %
FERIF e, $RRIDIRES T BAT — 2 (I R R B R ThR (3 77, AR A R 8 5 S sh s gsit—0
ook,

WIAE AL R, CLDBERBRGI R BRI & E 2 M, 2. 2RSSR . TR,
VO IRA B TR PR B 05 RO D S5 SRS SO . A REBOR i3 B RAR T, YDk R RS 7 22 B S 11
ARG IR, 5% i Occludin 11 ZO-1 19 mRNA FkM, Vhisi 2 By iiF SR tg it v e ik, i
it BE R T B b e, A TE T B 145 NF-kB/MAPKs/Wnt 254006 (5 Sk, M S5 i 5t
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PR, AT T 1B LRk H i E o B L S

Caco-2 (24h)

SVD (%) 0 0.05 0.1 0.15 0.2 0.4
Occludin l PR . }—— 59kDa
RI 1.00 1.17  0.89 1.36 .51 1.57
Claudin-1 |— — e — — — _}—ZZkDa
RI 1.00 1.18 090 1.00  1.19 1.29

4 OTRBRTRST Caco-2 (AR R B IEERRIAEF
Fig.4 Effects of SVD on expression level of tight junction (TJ) protein in Caco-2 cells

2.6 IIRER KA B ALK b ad Caco-2 4 fifl 2k I # 1k 19 % v

2.6.1 AN HIFEGAT BRI IR
ARSI ARGS TP AL BRI (C 20D M4 TARTR M4 0. 2% RIS AL B4 (L 41) 3E4T T RNA-Seq
IIHT R 3 FTA, AT FEARIY) Q30 {IATE 95% LA I, GC i 5 LUSTE 50%7c 47 , Ml 7B 1)~ 45 iR 26 7E 0.012%
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Table 3 Sequence data quality analysis

Sample Clean reads Q30/% GC/% Error rate/%
C1l 37398068 95.73 50.58 0.0121
C2 42351872 95.62 50.91 00121
C3 37964518 95.80 50.75 0.012
L1 39365 336 95.86 49.49 0.012
L2 36151122 95.92 49.04 0.012
L3 373719744 96.03 49.05 0.0119
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Fig.5 Statistical analysis of DEGs in cells response to SVD
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7 : (a) : DEGs #9%kZ4it4KE; (b) : DEGs KWhHE; (c): DEGs KEMA.
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Fig.7 KEGG pathway enrichment analysis of DEGs between C and L groups

#E: (a) : KEGG##iHEAX; (b): ZFARBREEACHA.
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JWr 18 90 S FARGIR B TIAHOS,  PTREVD RS Dz il b R 2R B A e S, AC ST TR TIX =
SRR I 22 RIA R (R 4D,

2 4 Notch, Hippo. MAPK (5SBIESFIEERA
Table 4 Notch. Hippo. MAPK pathway-related DEGs

I AR FRAXRE TiALR
DVL2. CREBBP. NOTCH3. DTX2. NUMBL. LFNG. DVL1. KAT2A.
Notch HDAC2. RBPJ DTX4. HESL. TLE3. NOTCH1. CTBP1. MAML1. DVL3. RFNG.

JAG2. NCOR2. MAML3. DLL1
DVL2. TEAD3. PRKCZ. LLGL2. TCF7. BMP7. SMAD7. AXIN1.
FZD3. TGFBR1. BIRC2. AMH. TGFB1. PPP2R1A. DVL1. APC2. LLGL1. WNT10A. MYC.
MOB1A. MOB1B NKD1. CSNK1D. WTIP. LIMD1. NKD2. DLG5. FZD7. DVL3.
FZD2. SCRIB. SOX2. ACTGl. TEAD4. CSNKI1E
MAPKB8IP3. MAP2K7. ECSIT. MAPK7. HSPA1A. HSPA1B. RELA.
MAP3K10. IGF2. RPS6KA4. VEGFB. TAOK2. JUND. MAP3K14.
PPP3CA. CASP3. ATF2.

RPS6KAL. DUSP9. ARAF. IRAK1. EFNA2. ERBB2. MKNK2.

CDC42. TGFBR1.
MAPK FGFR4. FGFR3. CACNB3. TGFB1. MAPK3. EPHA2. MAP4K2.

RPS6KAG. NRAS.
MYC. TAB1. NR4Al. MAP2K3. DUSP2. CACNG4. MAP3K6.

RASA2. DDIT3. KRAS.
AKT2. MAP3K1l. MAP2K2. MAP3K3. CDC25B. SRF. FLNA.
EREG. PPP3CB. MAPK8
NFKB2. DUSP1. ARRB1
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Fig.8 RT-gPCR validation of DEGs
7£: (a) : HESL; (b): MAP2K2; (c): TEAD4; (d): GNGI12; LxtmBiirbir, *% 7 P<0.05. **&F7 P<0.0l. ***
%% P<0.001. ****% % P<0.0001, n=3.
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