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5 E: (B8] KA MAN LB 2 YA3D3 il id A - M- s 40 205 APP/PS1 33K R ] R % ik
K A (Alzheimer’s disease, AD)HE A s KAk Fh fe s L4 . [ &1 *F APP/PSI s R 4 % 4 F
YA3D3 /KR4 (YA3D3-HF) A £ 4% & 4 & 8% 7= ¥ (YA3D3-MHF)F 7% 90 d, & A 16S rRNA A E 0l 5
ST R B M, AAE &g - 15 BX A 3 R (gas chromatography-mass spectrometry, GC-MS)#& |
4 1% 42 4% 5 7 B4 (short-chain fatty acids, SCFAs)/K-F-, B4 3% % J& 5 34 (enzyme-linked immunosorbent
assay, ELISA) % M| & w41 447 2 # i &=, Morris KX T EAfmh e, oML HEST L
JR o7 B A E R o AL s AL, [ R] 5 AR 40 (model, BC) & YA3D3-HF 4848 bt ,
YA3D3-MHF %% & 2 % & & RiA% [ #F; Morris 7K ¥ 5 2 7 YA3D3-MHF-H (MH) 48 3¢ # # K
k4., FMFERKR S, L EF XL (control, NM); ELISA iE£5 MH 41w A 5-% &
J&: (5-hydroxytryptamine, 5-HT). y-#& 2k T B2 (y-aminobutyric acid, GABA). % & B4 (glutamate, GLU)
A F R S; 16S rRNA £ B A5 2 7~ MH 28 M 8 i B o % #f 4 (Shannon 45 44 %) 3.2) R A #
BHFERS, WEAHFERIK; GC-MS £9 MH L% SCFAs. CHB. TRAEEZRS. &
i 5 # 2 T YA3D3-MHF A% o # b T K BL & M2 3% 5 . [4 381 YA3D3-MHF i@ it i 4= % i
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Microbial fermentation of traditional Chinese medicine YA3D3
ameliorates cognitive impairment in APP/PS1 mice by regulating
the gut microbiota-short-chain fatty acids-neurotransmitter axis

YANG Tian®, LU Bingyan®, LIANG Siyao, YUE Changwu’, LYU Yuhong”

Yan’an Key Laboratory of Microbial Drug Innovation and Transformation, Yan’an Medical College, Yan’an

University, Yan’an, Shaanxi, China

Abstract: [Objective] To investigate the mechanism by which the microbial fermentation product
of the traditional Chinese medicine YA3D3 (YA3D3-MHF) improves cognitive function in the
APP/PS1 transgenic mouse model of Alzheimer’s disease (AD) via the microbiota-gut-brain axis.
[Methods] APP/PS1 mice were administered either the water extract of YA3D3 (YA3D3-HF) or
YA3D3-MHF for 90 days. The gut microbiota structure was analyzed by 16S rRNA gene
sequencing, and the fecal levels of short-chain fatty acids (SCFAs) were assessed by GC-MS. The
neurotransmitter content in the brain tissue was measured via ELISA, and cognitive function was
assessed via the Morris water maze. Network pharmacology and mass spectrometry were employed
to identify active components and changes in chemical composition. [Results] Compared with the
model group and the YA3D3-HF group, YA3D3-MHF significantly ameliorated cognitive
impairment in mice. The Morris water maze test showed that the high-dose YA3D3-MHF (MH)
group had the shortest escape latency and the highest number of platform crossings, approaching
the performance of the normal control group. ELISA confirmed that the MH group had the highest
levels of 5-hydroxytryptamine (5-HT), y-aminobutyric acid (GABA), and glutamate (GLU) in the
brain. The results of 16S rRNA gene sequencing revealed that the MH group exhibited the highest
alpha diversity (Shannon index~3.2) of gut microbiota and the highest abundance of beneficial
bacteria, along with the lowest abundance of pro-inflammatory bacteria. GC-MS analysis indicated
that the MH group had the highest levels of total SCFAs, acetate, and butyrate. MS demonstrated
that YA3D3-MHF components exhibited reduced polarity and the emergence of new high-activity
peaks. [Conclusion] YA3D3-MHF improves cognitive function in AD mice by modulating the gut
microbiota-SCFAs-neurotransmitter axis, outperforming YA3D3-HF. This study provides
experimental evidence for AD intervention targeting the gut-brain axis.

Keywords: Alzheimer’s disease; traditional Chinese medicine YA3D3; microbiota-gut-brain axis;
gut microbiota; short-chain fatty acids; microbial fermentation
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BT R 2 63 2R (Alzheimer s disease, AD) &4
Bl & pEf i 2R A gt . HAZ O
FRIER B-TE M) B 25 F (beta-amyloid protein, AB)YIT
PO ZAERE, L& Tau 8 A BRI
LG9 25 B EI LI, AD &
TR LR BT, A E R R e 1 70 4 e 2%
SERR,  JGIE I R

AR, G- - Al Sl Y S MR 5
7 AD THHEME T 23l il m A A
PR B <28 P>, AR A mT I i 2 B e e
ek, SEIRZHER R TRALmL, 51k
4 BB R, 2 17T 38 2 0 Y A B M e K
ZFRGL; [, W IE R A B B A 4E e R
%5 AR TR (short-chain fatty acids, SCFAs){E A #
Y A = T o D5 i o Il [
WENE . S 5 EEEE S 4 RO R
HAKF- 5% 5 AD INHIBE AT &A= & 2 % U1 HH
K, HPTH ., LR SCFAs BIBTR SHf
ZARPE R E AR Z s X — & BE R
T AD SRR A A i B A SN,
HZ ZH0 AT T AD AL TR RIAILEIIA S

HZG2H 77 YA3D3 IR T B iR AR . 4R
B, HAS, HE, RS 9 KA
Bl k, HE 2S5 AD “F = & .
FRIEPHLLS " A% IR L BE 2 o 4% 2 2 i
Wos, ZEATEAREME, A8, 250
G2 MIEYERLSY, PR A RS R AE L
il A R . W he U AE 2 0 S R el A
GBI S /N (TR (% ) N /3 i I :
YA3D3-HF ARG PER it i Wi Mo
fiX. WA AR R SRR, RS T R
PRI W 7o WiB B REVE A TR 2 i« KRR A W%
AT, AT I A T R b 24 xS K
ST AT A s N R R,
25 1853 AT R ) PR R AR S5 A LI AR 2550, Bk
i 2GR HE ) BAE RN 4%, 3Kl YA3D3
()T AR T Rk B g1

A FE K F AL B 2E 04T B (Bacillus subtilis) |

T FUAE AT 1 (Lactiplantibacillus plantarum)=5 Xy
YA3D3 #4777 5% A& 2 £ YA3D3-MHF, Xf
It H 5 YA3D3-HF % APP/PS1 /)N BN HI ) BE
JHIE R RE . SCFAs K i 2838 i 52 i), i) B R
AT B RE - -l T 15 AD B, hrh el ki
WS AD SR PR MR

1 MR5rZE

1.1 7R
1.1.1 &k

S B ARG S AT T (Bacillus subtilis,
CMCC 63501)., K il & (4dspergillus oryzae) 7 ¥;
3042, fH W FL oM A (Lactiplantibacillus
plantarum, CCTCC M2022169). £ W B #T B
(Bifidobacterium longum)# Ay HH-BLI18,

1.1.2 EZRFIFNEE

ELISA i/ &, VL7555 Mk A PR A
LIRFRUES, , Fisher A H], HAY SCFAs Frifi i,
Sigma-Aldrich 23 7] ; YA3D3 41 J5 24 #F (5
938 g, HAE 781 g. &1 2.19 g, MM
3g. AZ219g, EE10g, %4 10g. HAR
10g. %2 10g), MR WALTFHE T RSH
FRAF]

T EAUKH ARG, LR A R
ol B, AR (A
BRAT; w5 OHL, SORME EA R A
Al IR RIRG A, IR IO BT AR i
BIRAFE AKFFEIR, VLIRS A8l 3 A R
AN AR, PSR (rh DR A A
BRATE]; St at PCRAY, FEER CH/RBHE(h
ENABRAW; AR ARS, FigE%
& EY P A PR A ]

1.2 YA3D3 ZEERIEHIZ54HI&
1.2.1 YA3D3-HF (7kiZ24))

Wi 25 #1210 30 min S5, S R ki
30 min, FFESCKFIA 1h, EERIR2 K, &7
W, BRH TG TS, AR EERAE.
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1.2.2  YA3D3-MHF (% E£=4))

B2 E R 300 H, HBHEE 1:10 A
EEalizK, 80 °CKTA 30 min il g5 35570 Soiefp
4% W AK FZE AT B S 0.2% 19 K il 22 1 R,
30 °C. 180 r/min 3555 24 h; PP 4% BIMEY
FAATE 5 4% R SUSFF## 8, Akeeisgs
24 h; WG KT 80 °CK T 30 min, WA I W5
IEET, =20 °CIREERH
1.3 KA F YR [E) % 0B B

i if TCMSP % 5 /% (https://www. tcmsp-e.
com/load_intro.php?id=43)7i i YA3D3 A4 7 4 A%
Oy (CEZPE=0.18, HIRAEMIAI I FE=30%), #IH
UniProt (4} /% (https://www.uniprot.org/ K # s 15
M ANEE A RWFIRE A Homo sapiens); M
GeneCards (https://www. genecards. org/)5 DrugBank
(https://go.drugbank.com/) 5L g AR I AD 35 41
F(191 1Y), 2] Venn &G A2 4R 0 455
Metascape (https://metascape. org/gp/) # 17 Fk K A<
& (gene ontology, GO)-5 KEGG & #4311
1.4 YA3D3 f 5 A EERIE R BRIL 4

& H Waters ACQUITY UPLC® 5 Xevo G2
Qtof MS % %; i#k 47 UPLC/MS #il UPLC/MS/MS
IyHr: AR R ] ACQUITY UPLC BEH C18 {7,
TR (2.1 mmx50 mm, 1.7 pm), FEEA 45 °C.
T A R 1% HHRAY/K, ShH B k20,
K PRS0 min: 95% A/5% B; 10 min:
0 A/100% B), i & 0.3 mL/min, MEFEE K
1 pL,

H I 25 8 F U5 R OE/f B R o
(50-1200 Da); BAIEHEN 3.0kV, BEFIGR
4 350 °C, YRR A 120 °C, KJH Lock-Spray™
® 1E (0.2 ng/mL 5% 2 B2 i ME Ak, [M+H] "=
556.277 1 Da)., £ MSE izl T R4 MS (6 eV) 5
MS/MS (15-35 eV BRI B .

1.5 Morris 7K = 4 =S [B A F0 T g

C57BL/6 /NR[7-8 i, 1AH(20+2) g, 1F
AJIES SCXK (Su) 2020-0009] APP/PS1 X %%
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FEPI R B[ AT IES SCXK (Su) 2021-0013143 1)
AL ARSI E AR A R AR S B
BHEY TAABRA R . /N F% T 1 % K2 5
YIS Hea[12 h/12 h BIREHEIR, JBE(60£10)%,
M (2242) °C], ARWFFE A 34 SE 50 34 3545 1
BRFE A Y AR B s, S5
o YAU-G20240122,,

¥ APP/PS1 I 5 C57BL/6 M flt% 2:1 &
%, w3 AFARU/NR, Hrh 8 H C57BL/6
INEWE T IE X BEZH(NM), 64 H APP/PS1 /MR
BEALSY R 8 4H(FE 1); #4/NRam it [ iRk 4
2590 d, AWE AR /N HIROK 2 (29 8 mL)
Fic il

T-Hi45 o5 $E4T Morris 17 2308, 76
RS54 F oR A% R v WAC 4 28 3 A AR (- 80 °C i
17); MRS 1% NCE 2 pRme /N, AE
PR KV S5 UG 4120 B R R 45

HELLAT 4 d ENAUIT ISR, R H [
[EDKE /N B 4 AN BRBEFLAK , i85 60 s N3
FIPE 0TS R . AR 60s), TGS/
RET-EF/ 10s, WRBILE N 60s. 5 5 K
1728 MHRE TS, MBRT&, 0% 60s N/NR
TE R 15 57 R B R AE B AR 5 R 45 R B
[B] . SERG ] K IR (2241) °C . JERE | MEE
G A3
1.6 MWL E KR 5S-HT. GABA,
GLU ZE#

AL LUREAS 4 °CREAL)S , 2 10% 11 H )
JILA 0.01 mol/L PBS #4529, 5 000 r/min &.0»
15 min J5HL 3% ; SR H ELISA i & 5-%%
4, j (5-hydroxytryptamine, 5-HT). v-42d % T g
(y-aminobutyric acid, GABA), %+ 4 R (glutamate,
GLU)M & i, Ky 450 nm, &L E
15 min PN 58 BEIN A, 7 A SO R BB 1
AR,
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Table 1 Animal grouping and treatment methods

2051 WS e E Ny
Group Abbreviation Dose [mg/(kg-d)] Mouse type
TE# % B2 Control NM - C57BL/6
APP/PS1 %} &2 Model BC - APP/PS1
EhFRZ 23R 55 4H Donepezil PC 5 APP/PS1
574 YA3D3-HF 4 YA3D3-HF-L HL 11 APP/PS1
15 & YA3D3-HF 41 YA3D3-HF-M HM 22 APP/PS1
B4+ YA3D3-HF 20 YA3D3-HF-H HH 44 APP/PS1
{57 YA3D3-MHF 44 YA3D3-MHF-L ML 11 APP/PS1
rP3 & YA3D3-MHF 4 YA3D3-MHF-M MM 22 APP/PS1
F 74 YA3D3-MHF 2 YA3D3-MHF-H MH 44 APP/PS1

Control group and model group received normal water without administration.

1.7 YA3D3 xJ/)\ R i B A LH 4R A Y
vkl

[ 18 B #F 16S rRNA 3£ [H () PCR ¥ 1
Yl e 22 46 b b R R AR A W B BR A
Al 58 . R N ke 3 =B ORER b B
(cetyltrimethylammonium bromide, CTAB) 4 M 3%
FEREAR R UL [ 4] DNA, 41 %) 16S rRNA 3
V3-V4 X %3514 341F (5-CCTAYGGGRB
GCASCAG-3") #1 806R (5'-GGACTACNNGGGT
ATCTAAT-3"), {fi H] & f& 5 DNA % & B 17
PCR #"34 . PCR K {& 72 (25 uL): DNA £ A
2ul, . FU#HEI®A0 pmol/L)4% 1 uL, 2xTag
Mix 12.5 pL, ddH,O 8.5 pL. PCR JZ Jif &1
95 °CHIZEME: 5 min; 95 °CAE1E 30's, 55 °Cilk
30s, 72 °CIEff 30s, 3£ 30 MEH; 72 )CALE
i 10 min,

F=W%% Quant-iT PicoGreen dsDNA Assay Kit
VI OF #4790 i, 4t Hlumina TruSeq
Nano DNA LT Library Prep Kit 4 Z£ L £, %
Agilent Bioanalyzer 2100 #1 Promega QuantiFluor
S M J5 , 7E Illumina NovaSeq 6000 - 5 5¢
R 3 ¥ (paired-end 250 bp, PE 250 bp). 4=
Yy e B 2% 5y M1 R F QUME 2 # 4 . fff A
Cutadapt VIBR5 ¥ 54K %1, KH DADA?2

PEREAT R (Qui=98% . Qy=95%). F itk A%
RN G U FEE <10 ()7 91) A B 1 7 91 2 5

(amplicon sequence variants, ASV)$; %54 Silva

138 B R BEYIFY, 195 o/p 2R AR 4G
F 5343 T (principal component analysis, PCA)/3-
Ak bR53HT (principal co-ordinates analysis, PCoA)/AFE
g4 NS ﬁﬂ‘ﬁ (non-metric multi-dimensional
scaling, NMDS)], i id Anosim (& #t 999 1K),
Adonis #5355 uE 4 [H] 22 5, A LM 50 o B
N K /N (linear discriminant analysis effect size,
LEfSe) v1.0 (LDA>3. P<0.05)#1 STAMP v2.1.3
i ¥ 22 S A, R A PICRUSR2 45 &5 KEGG.
COG Byl e Tt A DI RE
1.8 YA3D3 %}/\FREE{ERY SCFAs 130l
SCFAs & Ze4t Bl R A ar E YR A TR
INFEIR GC-MS HARME . a2k Agilent
DB-FFAP & 4145 #:(30 mx250 pmx0.25 pm), F&
P R BEE AR I 90 °C, L 10 °C/min 1)
HAETFE 160 °CJi, FELA 40 °C/min FHETFE
240 °CIH- 4 +F 5 min, AN AT, WA N
1.0 mL/min, 433 by 10010 J5T 3% A6 ) 4 1)
5977B MSD Jit % 4, R AW 3% i R IR
(electron impact ionization, EI), HFHEm N 70eV,
DL ik B 1 W I AR 2 (full scan mode/

http://journals.im.ac.cn/actamicrocn
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selected ion monitoring, SCAN/SIM) # =X, &5 I ,
B UL R 230 °C,  PUAR AR IR R 150 °C.
EmNTR MR, 26O . NIR. TR .
R . CURSE 7 Bl SCFAs (bR ph £k (Lt o7 i
R?>0.998), it MSD ChemStation %5 {7 2 B {2,
TG T RISl SCFAs B & i, 4551
ng/g MEEEIR

1.9 Pearson tHX M3 HT

FIFH Excel Z2H 11 M0 A8 8 (2 AN FITHE
br. 6 MABEEFEIE AR . 3 1 SCFAs F5hm) 1 i
U %cHE . BE S 5 A SPSS 27.0 B, R H
Pearson FHOC R A Hrisidh, B SUBKE . AL
XTI B St R B 288, TR BT AT A% 6 X6 A A OC
A28 () S B VK (P (), DL P<0.05 S
A4t L. x5l GraphPad Prism 10.0
BT AN BT A B Y S8 B AR OC RBUE R, E
21 - -5 AR L e (L R R ARG . AT
RIFAHE . AEMAERTITHIC), BINEITHEUE
PoiE S BEEARIC, AR AT AT B, T
SEIAS A B DGR R FE 5 T 1] o
2 HERGH
2.1 YA3D3 #DERESET AD KR
JiE 188 2%

YA3D3 M0 5 S AD B 0 S A SRR
FAE 190 (& 1A), $27RIXSEEE 6 YA3D3 T
it AD FUAZCoVE AR i o S AR BB S 4 F D g
(molecular function, MF) % & £ T4 U [H 132
REEE | A5 S 2 ABEE T PE(P<0.01), 4
/7 (cellular component, CC) 3= B2 & 45 T % . 4%
KW AW (P<0.01), A= #2738 % (biological
process, BP) 5= % & 4 T 4 JItg [R5 3R 1) 40 Jif i
B X IR 22 BN ) R (P<0.01), K B
YA3D3 A] Geid i R RAEAROC IR 5 il B AR E
FH(E 1C). ACHRHE S 0 55 T AN 217
(interleukin-17, IL-17)f5 % i % . AGE-RAGE {5
S % . R 2R BB K T (tumor necrosis factor,

P4 actamicro@im.ac.cn, 7 010-64807516

TNF){F Sl % (P<0.01), XU658 %K AD &G
B RE  B% (K 1B), #E— ¥ T HAT 4
B
2.2 HHEABEEFER YAID3 B 7R 1%
HEESEMERS

YA3D3-HF ;L5 i 431 (total ion current,
TIC) (Kl 2A)5 YA3D3-MHF {f1j¥ TIC 4Kl 2C)
XF 7R, YA3D3-MHF f8 5 85 1 U (0 33 04
£ 5 YA3D3-HF 27 W%, MHF £ 4445
N4 e o (O N L el A X 3
Kl 2B (YA3D3-HF 1 i TIC jix K Kl) 5 &l 2D
(YA3D3-MHF 4% TIC FBOKE)XT L s, 7EfR
B FfE) 8.38—8.45 min J% 8.86 min A&, MHF f{ {4,
T TFTRR 5 0 o 2 R T HF (WS 292 HF 1Y
2-34%), R KB RRA N E A T S T
PEBT K o o 45 R 3R B AR W kI G A R IR
YA3D3 Bt . AR E TR, e T
R2E IRl SRR TR TR
23 & 52 YA3D3-MHF E Z XK =
APP/PS1 NRINFATNEE

ER XA BET THEYEG2KR;
APP/PS1 XTHEZH | &ifl & YA3D3-HF 4. 7
i YA3D3-MHF 41 #1231 1E % X i, H&
i YA3D3-MHF ZH Bl 42 b B e i 5 I o
YA3D3-HF 4 . ikl &£ YA3D3-MHF 4 1 F
APP/PS1 X HRAL(IE] 3A). FEUIZIREE N, 54
WHRIHE R, {H APP/PS1 X BRLH A B # KT
TEHNTIAZH(P<0.01); M Day?2 HEMRZ SR FFLHTE
RN B EJE T APP/PS1 %FIBZH(P<0.05); M Day3
i = ¥ i YA3D3-HF 41, @& & YA3D3-MHF
2] I 3555 T APP/PS1 X BR41(P<0.05), H.&flE
YA3D3-MHF k015 (& 3B-3E). APP/PSI
X B2 2 B R B A /D (P<0.001) 5 1F H X HR 21
% EFHE YA3D3-MHF 4, $hfR L 2SR5 4 .
f= 77 YA3D3-HF 41 2 3% & T APP/PS1 X B 41
(P<0.01), HE#& YA3D3-MHF #H $231 1E # X
HE2H (& 3F).
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LB IIBF T D LEER . A: YAID3ISADH S AHERE; B: KEGGHEEM; C: GOEEMT.

I K {# FiBioRender (https://BioRender.com)il {F .
Figure 1

Network pharmacology prediction results. A: Venn diagram of YA3D3 and AD targets; B: KEGG

enrichment analysis; C: GO enrichment analysis. Created in https://BioRender.com.

APP/PS1 X} BEASF- I W AR B s 1%
W 4H e s = ) B YA3D3-MHF 4, b ) &
YA3D3-MHF 4 . iR Z RIRFF4 . &l &
YA3D3-HF 4 5. &% T APP/PS1 X} i4H (P<0.01),
H. &7 YA3D3-MHF 41 £z %5 (8] 3G). 453 5%
% % )5 1) YA3D3-MHF 3% APP/PS1 /) EIA
M RE RO T & 1T YA3D3-HF 53R £

P4 actamicro@im.ac.cn, & 010-64807516

HURST, BRI EMKEE, &5lE YA3D3-MHF
i STIEN
24 EFIE YA3D3-MHF % E AD /N
fX™A 5-HT. GABA. GLU 7k

APP/PS1 X[ HE4H GABA &1 i 2% T 1E &
Xif B 2] (P<0.001); 15 = 7 & YA3D3-MHF
4 GABA i, W TEHMREB/IRFTA .
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A R B &
> z
i % 100 [ 1: TOF MS ES-BPI 0 g £100 L
= o 9.73x10* = 2 7.18x104
0 8 e
B g B g
A g 50 1179 12.14 AN § 50r
%:J_E 2 0.79 ?E Z
et 5 L R =3 750768
J= o 0 N L L I <= q>) 0 ! ! h
2 2.50 5.00 7.50 10.00 12.50 -5 7.50 8.00 8.50 9.00 9.50
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Figure 2 Mass spectrometry profiling of YA3D3-HF vs. YA3D3-MHF. A: Full chromatographic TIC profile of
YA3D3-HF; B: Zoomed-in chromatographic TIC profile of YA3D3-HF; C: Full chromatographic TIC profile of
YA3D3-MHF; D: Zoomed-in chromatographic TIC profile of YA3D3-MHF; E: Comparative analysis of full
chromatographic TIC profiles for YA3D3-HF and YA3D3-MHF; F: Comparative analysis of magnified
chromatographic TIC profiles for YA3D3-HF and YA3D3-MHF. Created in https://BioRender.com.
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Figure 3 Morris water maze: learning and memory assessment among groups. A: Navigation and probe trial
trajectories; B—E: Escape latency on different days; F: Number of platform crossings; G: Statistical analysis of
average escape latency (Data are presented as meantSEM, n=8 per group; ns indicates no statistically significant
difference, *P<0.05, **P<0.01, ***P<0.001 vs. BC group). Created in https://BioRender.com.
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Figure 4 YA3D3 regulates brain neurotransmitter levels in APP/PS1 mice. A: GABA content; B: GLU content;
C: 5-HT content (Data are presented as mean+SEM; ns indicates no statistically significant difference; *P<0.05,
**P<0.01, ***P<0.001 vs. BC group). Created in https://BioRender.com.
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Figure 5

Gut microbiota alpha diversity analysis. A: Rarefaction curves; B: Shannon curves; C: Rank-

abundance curves; D: Inter-group comparison of Shannon index. Created in https://BioRender.com.
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Figure 6 Gut microbiota relative abundance at phylum, class, order, family levels. A: Phylum level; B: Class
level; C: Order level; D: Family level. Created in https://BioRender.com.
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Gut microbiota PCoA analysis. A: Unweighted UniFrac; B: Weighted UniFrac; C: Bray-Curits.
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Figure 8 YA3D3 regulates fecal SCFA levels in APP/PS1 mice. A: Total SCFAs content; B: Acetic acid
content; C: Butyric acid content (Data are presented as mean+SEM; *P<0.05, **P<0.01 vs. BC group).
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Figure 9 Heat map of Pearson correlation coefficient of cognitive function, gut microbiota and SCFAs (Red

represents negative correlation, blue represents positive correlation, the darker the color and the larger the

absolute value, the higher the strength of the correlation; The value in the cell is the Pearson correlation

coefficient, and all significant associations are satisfied).
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