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Abstract

Air pollution has been shown to be the fourth leading risk factor for mortality worldwide.
Ambient fine particulate matter (PMzs), one of the major components of air pollution, has
become a more significant public health problem. The process of lipid metabolism involves
biosynthesis and degradation of lipids, and disorders of lipid metabolism are closely
associated with metabolic and cardiovascular diseases. The gut microbiota is widely
recognized as an important component of host health and plays a key role in host metabolic
function. To explore the effects of PM2s exposure on intestinal flora and hepatic lipid
metabolism as well as the specific mechanisms by which changes in intestinal microorganisms
regulate lipid metabolism disorders after PMas exposure. In this study, C57BL/6 mice were
used as test animals, and the particulate exposure model was first established by nasal drip
method. Biological experimental methods such as 16S rDNA sequencing, kit assay, HE
section staining, fluorescence quantitative PCR, and Western blot were used to investigate the
effects of PMazs exposure on intestinal flora and lipid metabolism in mice. Then the fecal
bacteria transplantation model was established by colony enema method. The above
experimental methods were repeated to test the success of fecal bacteria transplantation and to
explore the regulatory relationship between gut microorganisms and lipid metabolism after
PM3 s exposure. The main results were as follows: (1) PM2s exposure caused changes in the
ratio of Bacteroides anomalies to Bacteroides thickwartii bacteria in the intestinal flora of
mice, and a decrease in species diversity of the intestinal flora. (2) PM2 s exposure resulted in
hepatic steatosis, with a significant increase in the lipid content of the liver and blood; a
significant increase in the expression levels of the lipid synthesis-related factors Srebp1, FASN,
and ACCI, and an increase in the expression levels of the lipid oxidation-related factors
PPARa, and ACOX1; there were no significant changes in the expression levels of the lipid
catabolism-related factors ATGL and HSL. (3) The intestinal flora of mice in the exposed flora
group after fecal transplantation also showed an imbalance in the ratio of Mycobacterium
anisopliae/Hypococcus spp. and a decrease in species diversity, and this study concluded that
fecal transplantation was successful. And it was found that the lipid metabolism function of
the intestinal flora was significantly down-regulated in mice after PMas exposure. (4) The
intestinal flora after PMa.s exposure leads to hepatic steatosis, with a significant increase in the
lipid content of the liver; the expression levels of the lipid synthesizing factors Srebpl and

FASN are significantly increased, and the expression levels of the lipid oxidizing factors
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PPARa, and ACOX1 are significantly increased; and there is a tendency for a decrease in the
lipid catabolic factors ATGL and HSL.

In summary, it is concluded that PM; s exposure firstly caused changes in the ratio of
Bacteroides and Bacteroides, decreased species diversity, and down-regulated lipid
metabolism in the intestinal flora, which further led to lipid metabolism disorders caused by
up-regulation of lipid synthesizing factor (LSF) and lipid oxidizing factor (LOF) in the liver,
and ultimately led to the increase of lipid content in the body and body weight gain. The
pathways through which the changes in intestinal flora caused by PMzs exposure affect

hepatic lipid synthesis are not clear, and require further study by metabolomics.
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AR 2 R BARH LA -

WEFCH K B SR 1 RN PMas 555 X il v A A A AR A Qs s i . L
N T W PMa s % B 2 15 238 1 803 i T8 el A= AR Ao BT B g oA Q& e, I 23 #r
Pt A= AR AT D mh o BT 8 7 R o AU 2 L A BAR LA

WEFURE S SR AUE PMo s 2 F X il 1 AT AT I i AU ) B B 22 N, DA K T
FEVE D A DR B0 TR A AR A2 e, O Jim 6 L ] 2 fiff X 4 5 B 22 OB SR AH T 78 2
fiffo
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WL C5TBL/6 /I B O T2 B G AAAIT TUX G, i N UKL Y) 2 i AT S T B2 A T A ASE Y
W SR Y) Q1. 16S tDNA WP BEEE S A58 8 & PCR 45855507
1%, [ B PM.s X6f o e E AT TR A QU B2, DA K PMa s 388 5 A T8 BT A 14038 A 3o i s A
U RS AL o

2.1 WIEHE

2.1.1 PEmAERIERE

IR/ R B HTH TR TR ik (1) FLE S I R B . i N BRAEEVE 2
3, dniE WA BALB/C. C57BL/6. NIH. ICR. KM %, H:f C57BL/6 EhEiE,
AP REAE, ORI U . AR B AR T T AT AL . IE BN T G /N R AR
PRI, ASHE ST % A CSTBL/6 HEME /N A W TR 5.

2.1.2 FEUEE

BT B EEAAR AR WS A AR LR 2.1

*® 1 EEWMEE

Table 1 Main experimental equipment

P& AL
KI5 E R PCR A REER
PCR ¥ H4% ENESEIERAR
IR IR A A ESEE S NN
Spectra Max £ J ReBEARX FEER DT
B bR A SRE AR
GLERINEE SiRiinie JEF N — AL
B HE BRI FEL KA REER
MR AL 1 SR B
Y] WL WL el

k1
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IR AR I
4 H L) R KL HIT e Rkl AT BR 24 7]
Epibine AT C fEE K
BotAmIt R A R e
NEUES AL R A
e I8 B AL A
e R 5 L AL ESEE S NN
TR, L V8 VR I Fig e AR AR

FRIR VKA
KB

e TAES
LIRS AT
PCR JUEHFE (&)
B

HIS KA
PATIER 71X
iRk peditd
N
PR I K T 4
o R 287K B

VE Bt

T SR AR AT BR A 7
JEIATR A A PR A
F[HFEER K

il [ 3 Al

5 [ T

[ T

5% [H BioSpec

Va )i ERH R A

1 R AT R ]

2 [E Ohaus

Jemt ik BT AR
H A =

i S A R

2.1.3 FERFSEFEM

ASHIEFE R BT AR 32 ARG ARER (1 44 7

KA S ] WK 2.2
® 2 FEIERA

Table 2 Main experimental equipment

B A4 FK AT
CS57BL/6] /MR, JentgRl Ay
Random Primers 2% [E Promega
Bk 2
) 44 B AL




S RO A A i 5

Reverse Transcriptase

Ribonuclease Inhibitor

dNTP Mix

N kY|

SYBR green

Bio-red 4 B4k}

I I B

DNA Maker

Loading Buffer

PBS ZZMil

ELISA &

BCA & & BEilE

RIPA 2R

NP-40 IV MR

PMSF & A i 771

PVDF fift

5 Maker

TAKG P

TRIzol Reagent

HE B

B Wk

SR TIRIN

WEE R IGIRI(ECL)

TAE ZZMl

Tris ZE K

23 240 T oty = e Pl ) s X
0 2 g ok 1 M 5 B k)
e T 1 JOEL T A ik 7

B> A

EH Promega

F[H Promega

EH Promega

Bl SR SN 3N
RN BV R L

%[ Biotium

b AR A R A A
FHEADHAR b)) GRAH
FEHEADHAR B ARAF
Thermo Fisher Scientific, USA
T EVIRHEA R A7
Rttt 2L AR

B RV
BRREYHAR

B REVHEAR

2% [ Milipore

REZEI K
DU i AR
REZEER K

LR ZEFE R
AERZR R FERHL

SR B G e A

J[H Milipore

SR EE R

SR EE R

ARTCE R SR PR AR
AERZR R FERHL
AERUER R ERHL
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22 REHE

2.2.1 RIEFAREEL

AW T8I LRI ) e R M FE AL AR Y, SRR PM s 85 BN R E A )

XFHE B A B RENR o ARG

(1) PRV B Fa i o RIS JE TR VEVE RSN AT B R L0 . BFRAS A G, W)
YOI, ST AR S S ) e i 2% b g o K1 o SO IR ZH 2305 e et
W24 Real-time PCR A1 western blot 5y F a0 fig 57 AR 5 AH < (Al 1~ KA AR
oo WHEEESEMNEY, HT 16S tDNA W7 5K E .

(2) FEW AL o REUE RN /N AT AR SE 50 . B4 ), OB P I,
FAE AR S A 2 1R A ) i S g B K o ISCHIGEh IR SO F 0 e ge 1, ERIERS
#4K; Real-time PCR F1 Western blot 777 H TRl g 53 A i AH OC R 1R 1528 4k . i
BN, FHT 16S rDNA Wl

[ mas |

BT B i HB{E
% F
HERE EHa RT-PCR western blot iR B K EHD N A
R Rk 1t i 5 A i ik me | 168 tDNA
& =& " ¥ W &k i
EWBM
FMT

1313 o & ®xiE
MR 12 EED N A
HE i HHE RT-PCR western blot
If a i i L BAS dn. ik 165 rDNA

U] = K 0§ i M M A

2.1 FAREREE
Figure 2.1 Technology roadmap
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2.2.2 REBRBMESE&RZ

2.2.2.1 PM,s Ei&$I&

B SEHEAT PMas BURLCR A, FRATHE AR PMa s ORI B BORE - A5 5 B T AL 5T RH X
BRIE A 7T Hp E RS RL0F FU B I S IR AU AT RIS AR T, 122wt A AT A AR AR
Y. T ) PMos KRS AL T PHRIE SR, XA SR & B 500 PMa.s KAEAR
HERYE SR . AR RES Y, (] T Teflon JEME . RARME W E VR BH 20 T+, KAE
FREEIS RN 3 Ko REESERUA, RERERIMENG B, FRIELFRAE H, SRR
B T-20CHRIUKA T IRAE . HARIEAT PMos TR IR 55 PMos IR S RLINI 1) 4%, JRATDRE
Teflon SRAFUEMEM-20CUKFRIUH G, TRNBAHAUKIEEM &, AT ARG 1 /N,
SRJEAE 5 3Bt BRIV Teflon JEME L RIBURIAY), B2 Teflon JEME LRI RURA)
FEARYEPE L. EIXAIERE R, (6 FHUKES B KB AR R K IRAE 0°C LR, B AR MEAE 3
UUR U IR . $2F oK, K PMos IB 2RI 10 EORBERE IR LA, JH4 3 E T-80°C it
IR VKA HREAT LR R 38 2R, HUH O 2 UKE K BEEEE IR, AR5 TN KR
HARETHRACP TR 12 Ko FREFPERE, B TIREN PMas TSR R, AR
I S5 75 SRARBGE B 1) PMas T8 i, AR /KT8 0 IR 50 70 e, TR I E] 4°CURAE 28 H
A5t FH P 2 2 /OB BRI RE SR B8 BT /5 IR, B A5 T VR I A

2.2.2.2 HEERHEE

(1) K (G AP s, sl P8, NSl =K. JFRIEIEX
SRAT P A A AR . RE FR LS AT IE AT A A2, AR LA A e (175 G

(2) BUFf: SEHTERAIETER IRk, MIERE P2 | g IFES, IR
A EEAE T

(3) BB R HURE ) ZEE AR G S A A B Hh /K% 1:20 9 L BIBEAT ke .

(4) BEFEI ST MR TC TR R WA B a5 R, ROy S (SR i AT 2 e
PR EYI%], DU ERFE dh T B E I 2 0 A o

(5) YUiE: FHRE SRR ER E 30 min, kR AR TIE 2R HS .

(6) B i (EFHEREBIES, ANOHE Bl CR & RBRERD R 2) 5—
AR E BUEA . XA R R R i A [ ARORL,  DLYS/D 5 B4 B 5 B R] g
L i) L

(7) iFi: M 0.22 pm KB JER, K iSO IR S — D IwslEd, BLERR
UK 1 [ A R o
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(8) 7 BEANORAT : HG SEHUAT 2 1) & B R 73 3 2 TE B A v B P ORAF 2, IR AF
TIEH AR T, PLORRFHAE JI Al B 5 2505

2.2.2.3 FRYIRBRIUIE

HARIRE YK A 16 RIEENE CSTBL/6 /MR, T : 24+1°C. 12 h SGIEZ BT,
HFEYOK, ENHEFRE—MGE, FHGEBRY) R R g, X5 Hur:

BN NP LXHRA 2. PMos TR, 418 R. BTN PMas BT R
RS S s AR AT B, BEREAERE /DR GET RS HmERE, A=W
e

IEEESE (mL) =/MNRAKE (g) X0.08-1

ForeiE A E (mL) =IEFMESE (mL) XPEMZE (K/min)

HHRENE (ug) =88 ilESE (mL/min) X60 minX24 hX pug/m’

X REZE U R SRR AR A AR R AR K . R RIS ()RR B, kiR, [ R b
AT R ERAE, BRNREHZRBRRELN 50 ng. FFHREITRIUAE, YA
VERFELE, FREAEHE TR A TRV ERIEE T H B R R 450 .

2.2.2.4 EFEBHEERGE

FIRTIALS — 8, R H 16 HHETE CSTBL/6 2 /N, R EE: 24+1°C, 12
AINEFERERE B AT, B REIREYOK, SNSRI, TREEREER . K
oy

BRI N TN IR 2 BB, 9 8 R, i AR B IRE %
HEATZEW A (Fecal microbiota transplantation, FMT) , 1 50K Ok 2% 55 45 R J5 U 4E
[0 HEZH AT PM s 2 5% 4H 1 i il N 2590 4% ok 2.1.3 IS8 77 VA 24 i =i, A5
XoT H ZH () B R A VAN PMLas % 8 2H 1) B A AR VLI e VRE vk 2 ) 6 AL 3805 TR T e 2H R 2 R
WA . R ERIE D KD R B R A £ TAES B, H 75%PE 5/
BB ICES, LA R Rk BUR AL, H IR ARG WSl . R E s 4l A/ BT
1], [EI 2SR, AR NN R E N, BEEZBIENERR, TEAEE
R, DA e O EERIR AT . FESEIETESS, R ek, BE SR
BRI ZE T, PSR A BRI . BB AT R REZE PR, o e s, 3k
AT B R AR BAT AR E . TFORRE AT PR IUA S, WSR2k, JhfER:
I SR AR A3 AT RR B A B RTUAC £ 35 B & R R RS AL R



EESEEN PN 2R S VAT

13

2.2.2.5 AR KIHERNTYIRE

SN R R EE R, R/ N RN ZE R O R L BE R TAE G F, SEE RN
TEST A ANEL Sk, AR/ BUIRHE S 425/ WA ERIK, /N CodtRe B S il A Jibk,  ShBUIT 541
Je L, g AR ST B AL RS BITSEHE S 4 FR I o AR R RER ML ARic s, ARG 508
SORBATHE DAL B EORAT o BE)E, FRATMEH] 4% 7K & S BON /N SROEAT 1 IR i
JRIEAL I . — EL/N SR TR, BT RS IS 06 & Email 1 & B/ 5%k . A5
PV NN B, R AR IR e s & o B/ OB TN RS, 2%
Fe U E AL, IR i E N A VIR R LA . A TR AR 0 i e — &R0
2 WEIR ER G (PBS) T Ja BUNAR /K By MR [ R Y P ASEAT AT AIEZH 2R Al s o —
Fi 7 WU TR V4 VR AF TAE-80°C LA Jm SEHEATAX IR AT B 1 B A4 L, DL — 28 H AR A 11
Mg K liE W E= T BRI .

2.2.3 MRATELARIEF HE REYH

AT HE B )5, /NIRRT T30, DAFEFT PMos X 2L ZUE S 1
SO o [N, AEF IR RVE T T8 W AR A A SRS sEm . U R e Bod P 3%
L/

(1) 1B5]: BUH C& M E 7E 4%2H 235 & i R BT IE, 48 B 10 TR AT
EYEE .

(2) JE¥E: JEAKPFYE 15 min.

(3D MK i T AN FR BE I BV, Ak fE i 4 | S ok P L
ITAbHE,

(4) B fEHLEGERIKE, BATREAH, AF H KR 1 min, LEEA—
FRIR S TAMIR N 5 min, 46— IR0 5 min.

(5) A BhJE, KRB AREINERS, KA AE AR, 5%
i LA 2N

(6) Vs K 15 AL Ay e BRCAE n b bR, s G T il A - [ e 72 D) 7 L
Fo WREYIRHLUIEEEN 5 pm A HHATYI A - BEEYI RN 42°CIRK AT e T,
e R IF e B R BB b, RGNS TR, .

(7) HE Heft: X Je TR, 5 mins #E0H = F2RYEE, 5 min;
B J5 18— K SR 101 VR AT 2 mins SR 100% ZEEANHE, 5 min; 2858 FH 100%
LW, Smin; #HEH 80%4EENRE:, S min; FE R ZARE/KATE, 5min; [FHTAR
FEACEE, Smin; HEAT/KIE, 2s; BEEA 1% OB, 2s; BT K, 30s;
B JG R Z8 KB, 285 ] 0.5%RLLACER, 2 mins FRIREEAT Z81B/KBES, 2 s;
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A 80% LA TR, 255 R 95% L BEAEE, 3s; RG] 95% L BEAREE, 5s;
R TE/K CBEALEE, 10 min; 8255 A RBE — FRALEE, 10 ming H ZFRALEE, 2 min;
B W 2R B, 2 ming & — IR ZHRAE, 2 min. .

(8) Hr: WIHPERTERSG, AR I R, e B, SRE
SRAT

2.2.4 INRIEFMEH 16S DNA UF

(1) F&EE R ZH DNA #RECS AR I: 81 CTAB/SDS J7 V252 IS i P i) A2
F:[KIZH DNA. #8518 F NanoDrop 2000 730606 E 1+ Hr DNA WREAIZENE, I FH B0
Yk M LIS U AR o 2

(2) PCR PAW3REL: AH6tHr e X 5140, AWFF0MEH 16S V3-V4 X K514 (515F
F1 806R )R BHATUNTE 2 FEME L & BT PCR IR AW N 15 uL PCR Master Mix-
0.1 uM E3E51%1. 0.1 uM RIFEIPIFE TN 10 ng FIFERIZ] DNA Bz, 485 H ddH.0
B EARFRAN 7R 2 S0uL . SR8 5 1l PCR #5447 95°CF 1 min HIHTEEARYE, SR J5 £ 95°C

(15s)  56°C (1 min) #1 72°C (30s) HI&AF NiEAT 30 MEH, H&GIRIFAE 72°CT 3
min.

(3) PCR #aifb it : *F&d- &l f) PCR Pt TR 24k, WiERal
165 PCR PR W BN 2 o 5 e SR R & IR A1 HEAT BN H e A v vk i A
I R MR SR B R B H bR 2t

(4) SCEERY%E: ¥ Ion Plus Fragment Library Kit 48 rxns % 18 fil] i& 75 i) B 1304 Bl
JP S0 . SO FUEAE Qubit@ 2.0 ZGURIYE N 8 & PCR X _E VT4 .

(5) M CFEFREHIG, #H NovaSeq6000 I 54306 SCE i#E4T AL

2.2.5 JNRImFs HDL-C # LDL-C S=HINE

B F HR SR RS FH T i DL B O ) 6 00 /) BRI e s 2 R T R
S ENE K oy e =g S SN ey =

(1) SEIOHER: H 2 DhEEMEFR ORI K 546 nm Fil# 30 min LA b, FERR#EREA
B R/NUE 8 H — FR = 37°CHilHY 10 min.

(2) FRUEEBH] % BRI & 50 umol/mL JH [7 B AR v 1 VR SR BB AT 36 15
PS5 2.5, 1.25. 0.625. 0.3125. 0.15625. 0.078125. 0.0390625 pumol/mL Z5:3# % [f]
PRI TR & H o

(3) 1£ 96 Ltk 4% TR AN

il
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Table 3 Sample detection mixing table

WAL = PR 7 N R
FEA 5

FRER - 5

SRR - - 5

A — 180 180 180

FEOMRA], 37°CHFE 5 min, WI5E 546 nm AW Q1, 70icy Q1 & . QI ArdE. Q1 &¥H.
A = 60 60 60

(4) F b7 BilFie LR ARG, 37°CiH#E 5 min, WIE 546 nm Ak
WOERE Q2, 4rmlicy Q2 ME . Q2 FrifE. Q2 FH, THHEAQ MIE= (Q2 MI&E-Q1 Wl&)
- (Q2 FA-QLI FH) , AQ brifi= (Q2 #r#E-Q1 #xifE) - (Q2 FH-Ql FH) » FAXN
RS E@ I REQARTHE alll I IR/ LT IS

(5) FEARWREIHE: WBETRAIRE (x, pmol/mL) FIWEEAQ HIAREE (y,
AQ FrifE) , FRATAT LA, — SR hnE i 28 . @I IX AR AE RN 2R, FRATT AT DK SBR[
AQH (y, AQMIE) AL, MIMTHEHFEARRIKE (x, pmol/mL) .

2.2.6 NMEAFARFHM=BEZIENE

AT H SR Bl B R Y 2L 2 H 3 = P ik D0 e k) i e P AL 23 b H ik = i

by
al

(1) LR RIUREFRE DT BSOS R HERE 50 mg HIFHZ, 5 1%
1 mg 02300 20 pL 24 LI 1 mL AR SR JG A FHAH LR 5 AU 4 41 78
A9, A JEHE 10 min.

(2) HAIREL: BUEE FERERS 1.5 mL B08 T, 70°CH#H 10 min, X —
AR AR IR 2, TR I ZLRYTVE, BEJS 8 3000 rpm &40 10 min, HX
FIEW T 5 SEBEAR I 5E -

(3) TAFMIEH: WIEfeASE, MEEE TER 15 TER 2 FIREER, Wi
RN 4:1,

(4) ArifEm AR FHZRTR/KEE PBS KK E Y 4 mM H AR #E i 4% AN [B] 1 LA
BN 1000, 250, 62.5. 31.25. 15.625. 7.8125. 0 pmol/L 259K B bRV VA TR

(5) b#f: 7E 96 FLRH REFLINA 5-20 pL # fh/As i a7 B TAR AN 78 S AR FR 21 200
ul, BT =R AR EE .

(6) WP E: W ITEREAN 96 FLHE7E 37°C B 25°C TRV 15 min. J 45K
J& BOAE 60 min PIZWTRE E .
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(7) K. 155 22 ThEEBEFR AR RO G 550 nm A0 E &4 OD {8, FHHHRIEZLHIH
PR 2T B H I =R A &
2.2.7 RIE/PMERAFEER RNA $2EL

AW T A EF Trizol vETRHUFAEZHZ3 5 RNA . 1E L5046 11 74 SL 40 AT 75 19
SCIGKEA, MNAHLSISRA, FRBIJI. BE T 1.5 mL B0 PARASE RN R Sk SRR
{£ 0.1% DEPC /KHiR IR, AR 5 BRFEM 3R A 1Y RNA [, =90 5¢ Ua 8 40
BN R K B m R KB 1 h, 33— LR AERFFEM R RNA B, DL
RNA 5 G AR SIS T4 . 5 e B SE B0 RE M N T A /5 B, -20°CUKAS
PRI R AT 2% FH

(1) ¥ 50 mg NRAFAFZUIN 1.5 mL B.08H, NS SR B I 253
T BV - BB NN 0.5 mL Trizol ¥, JECE UK E2F/NeF o SR J5 48 B B 0oL EA 12,000
r/min P E AT 10 min B O, FEYUE, B LIBERER I 1.5 mL S0 H,

(2) FEELEFIA 200 F5E7, ERSREEABAEK L, %45 15min, ZJ5
PL 12,000 r/min 3% B HE47 20 min A0 MEFIRER D N=E, RNA FEFET E
7. AREH RO KAHE R 2080 1.5 mL S0E H .

(3) fE EELEAKMAIN 500 L $2H7 A G R NEE, SE2IREE, RIETK
FIKCE 30 min BCEKESE), ik RNA oLz 4r .

(4) A8 =l AR B O HLAE 4°CHAEE R BA 12,000 r/min (3 FEFEAT 15 min B0,
B EE IR AT WIE RNA J5E; /O3B BiE, AREER O I IR DT »

(5) FEPTEE A 500uL B DEPC ZKECHITTECR) 75% OBER, 1R &2
ATV, fSPTUE B, Bl 58 A AT A sl IR =5 O LAE 4°CERR T BL 12,000 r/min R T#
FEHEAT 5 min FIES0, 35 B, HE BERPER—X

(6) =i MR Ol K5, H 50 uL DEPC /KiEf# RNA.

(7) H Nanodrop J5EFEA RNA K JE K& OD260/280 (1) HLE K1 & RNA [ & .

(8) eI B AR B E A FL vk — D T HR LRI RNA FEAR. @HIEOLT, B4R
MELF (1) 28S AT 18S ZsiEMi A=, H 28S M MiZE /72 18S WA, WA IXFEM
RNA A Ret AT I5 2204

(9) ¥ RNA ET-80°CUKAaTrAF, M TG4
2.2.8 IRIG/)NER AT AR B B ZRA K A

AT TS 2t € B PCR HAR 704 /N R A H 8 2 PR R R 15 7K1 . 98 38 & PCR

VRN — P AL IR e BA I 5%, A SR AR 22 N . AR T 458 PCR,
gPCR SIABOEHAATAR, W BOEE S FREIORSCHL DNA (€ B4 #£ PCR 71
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REFEH, Pt Yekl s DNA XUEELE &, Bl DNA BE K-S @i g in i 7= A 5dehrid,
JGAE S BREE L [ B & DNA 7Rk . i I MR 2L 58 (5 5, B F0E AT LA i
H b2 R IR IA /K, FEdad 1534 R AE (Cycle threshold Ct) ISR B ZE R )
2N B RIS

2.2.8.1 ¢cDNA &5k

R F3k S8 Pl € 1) RNA VKRS, 1 2 ug RNA UM SR . 8255
A1 pL (EEALS4, In N DEPC /KIE BN 12.5 L, Jf4E PCR 34X 247 70°C
SN 10 min, B85 32 B0 E F0K F 5 mine AR KA B OE I 4 L 5xReaction buffer,
0.5 uL RNase Inhibitor, 2 pL dANTP DA} 1 uL Reverse transcriptase, B EARF N 20 pl.
R FE IR ST HR BN IE PCR A, #E4T 37°C/ M 60 min, 85°CJ M. 5 mine SRSV
TERUE MR 30 f5 03, FFAFIT-80°CH H .
2.2.8.2 MRERFSIYIEITEEMK

ASTIE T R BT Sk DAL R 9 51 0 R 51 838 53 NCBI W 2k o Gene SR BEAT T4
K, EEMAERERBEAR AT G 8. BEsIFI1E B N &R,
= 4 NRERSFT

Table 4 Mouse gene primer sequence

LR 2 EFSI(5°—37) R 51 4)(5°—3)
PPARa TGAGGAAGCCGTTCTGTGAC CACAATCCCCTCCTGCAACT
ACOXI ATGTTTATCCCTACCTTGCTGAATC CTCGAAGATGAGTTCCGTGGC
CPTIa GTCCTGCAACTTTGTGCTGG CAGGTGCTGGTGCTTTTCAC
Srebpl ACTGGACACAGCGGTTTTGA CTCAGGAGAGTTGGCACCTG
Fasn GCAGCTGTTGGTTTGTCCTG GGGGGCAATTCCTTCCATGA
ACCI ATGTGGCCTGGGTAGATCCT CGGACAAGGTAAGCCCCAAT
Scdl CCTCCGGAAATGAACGAGAGA ATCCCGAAGAGGCAGGTGTA

L3 4

LR K ER514(5°—3) IR 51 40(5°—3)
ATGL TTCGCAATCTCTACCGCCTC AGCAAAGGGTTGGGTTGGTT
HSL CTGTCGTCTCTGGCCAACAT GCATCTCAAAGGCCTCAGGT

GAPDH AGAGTGTTTCCTCGTCCCGT AATCCGTTCACACCGACCTT
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2.2.8.3 SRR EE PCR

(1) NARZRBCH -
2xSYBR Green 44k} 10 uL

ddH20 5uL
HEEL 05 L
KA 514 0.5 uL
cDNA 4 ulL

20 uL IR R
(2) ISR E

95°C 10 min  FAE
95°C 15s A%
57°C 40s Bk
72°C 30s  FEAif

I 40 MIEER; FESM 65°C 5 s B 95°CHN I 18 TE il s fie h 25 .
(3) &L RHE . KA 220 QN L] mRNA AT RIE &

2 -AACtzz-((Ct ARt WS EER)IHA ( Cr FIMER_Cr WEIER )AL
2.2.9 MRATBEEBRIAKFRN

ANHIF FE E B A 5T BN N SR AE A F B I ARIE K. B E R VI
H AT W7 T AEY AR

2.2.9.1 EAKRIER

(1) $2H7H RIPA 2R B AL =R MM, I IR IEHR G W LIRS i DRI 78 73 TR
5)o AR SLIG 7R EHOE B IR, EE AT L8 WIS INIE &1 100 mM PMSF J5,
PLIA B e 2% PMSF KN 1 mM.

(2) FFARET T/ RAFIEHZI0) /Mg otk AR5 1% B8R 20 mg AU 200
uL & PMSF (] RIPA 2R ELBIR & o (S RAN e 51 B R e &30, SR
A5, LA 12,000 rppm/min fRI33 B0 5 min, NVOIREC_ETETR, RIS 2T LU A
B AR ARAFAE-20°C Fl T 5 420 7 o

2.2.9.2 BCAEMEEARIKRE

(D) HEEEMEN: £ 0.4 mL EAFERFRIMAR—EEH 10 mg BSA [I&E
HAHE, BRI VE . IR RS HI K 25 mg/mL 1R AARAEA R . HUE
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BIEAMAERR (10 ul) , JIAZF] 490 uL FIFERT, DB HMBRELIRERN 0.5
mg/mL.

(2)  BCA TAEMIMECH]: ARG LERE g, w1 AR 2 4218 50:1 1)
Fes), )3 B ) TAE R 50 BREC ) B AR VRN 18] Y AT BAEE 5508 N AR R R
E T R AT I 52 A AR CRAE R I

(3)  FEARARENE « BIREN 25 mg/mL [ FAME R IKIIN 96 FLIR
bR AL, IONEAEFRR S B0 00 1. 2. 4. 8. 16 F120 pL. 4RJ5 {8 FHbRAER B
AR BN FLEYEARFR A 20 pLo SXFE R FARE M IR E 537008 04 0.0125. 0.025. 0.05.
0.1, 0.2 F10.25 mg/mL. £ F K, KA 2.3.5.1 FH B A (A FURE S I HE B R S AL,
TN BIEFR 20 uLo AR5 MRS IIFEFLF I 200 pL TSEEC E 47 BCA TAEW, IF
WM B TAEIRAE T, A 37°C NI E 30 min. 1 & 450K 5, ] Elx800 EEFRXAE A562
BTN B TR AR . RR AR i (R e R AR s o s v 28 ¢ i R s o
22 DA KR RO EERVARRE S, tH R EE B IR, FEET

(4)  IAEVEAET: —H AR 5XSDS-PAGE & A _EREZMR, K
A5 5-10 min, FRBREFER £-20°C B 5 min, AAF GRS AT KEE . & FEAKELR
-80°Ci%: A7

2.2.9.3 EHRENEE
(1) FEEHIR RS (SDS-PAGE)

© ARG FFIMATE KBRS, BIHEEK, WTKD.
@ R HEA S TE RIS 5 mL10% 7> @, KL T:

2K 1.3 mL
30% Acr-Bis (29:1) 1.7 mL

1 M Tris, pH 8.8 1.9 mL
10% SDS 0.05 mL
10% 1S milEse (AP) 0.05 mL
TEMED 0.002 mL

@ BN, FANEEENR, 30 min /2475
@ FZHREC T BCH] 2 mLS% AR, Bo7an T

21K 2.04 mL
30% Acrylamide 0.51 mL
1 M Tris-HC1 ¥ pH6.8  0.39 mL
10%d i fREE (AP) 0.03 mL

10%SDS 0.03 mL
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TEMED 0.003 mL

© 3 BB E 5 WL B, IINIRARIRS, BRI E RS T, e 5 R AR
N, AISZRIH TR ECE TN KR 4°CIRAE

(2) bR Ik

FC I UK ZZ R, AME NN IR SRR B AR DA B, R, SRR, kSR
MR (5X) BRI

Tris 15.14 ¢

Glycine 72.07 g

SDS 5¢g

ddH20 SEZYE 1000 mL

BER 4 CHEIG FHBHRER 11X,

PRIE BCA VR F & AR EE, T8 HE 0 BRI A 10% 11 SDS-SR A
P Fie e FELAON) B 1 AT 20 B o IR RBEICAF M FLINAE, FRICS R B, AU FFE
10-30 pg M EEFR (RYE B AR iR A iiRIA st — 0 D |, HAEVIER M S uL frik
Marker. #4 1 X HLUKZE MBI UK REAEBEAE 1o SERGRE SR IMN S, TR HIK, WIEaH
JERTEN 75V g Sasak ik 4n it i b i 4 Loading Buffer fi7 B KRR B L, Hmnl ik
110V)

(3) HEJE
P R T AR IR (10X
Tris 303 ¢
Glycine 144 ¢
ddH20 EZFZE 1000 mL

RER 4 CHAEG AT ddH20 2 HEE (ddH20: FEEARFR LGN 7:2) #kEh 11X

HIK NG, et 10 X B2l S FEE DL A 25 B 1 /K% R 1:2:7 B LLHIRe R,
Hl & i I X R 2 . B, BRI R IF IR S, BHJE I 1 X B 22 il 5¢
R B FEEE RN IR IR A T, WE 110 V IIE RS, R B )
N 120 min, fEVK BB 4°CHIZEAE T T

(4) BA: #5528, K PVDF JEZE PBS HHRIE 5 min 5, BBAEE 5%
3 PR (-3 5 TBS-T I ELEIA 1:20, B 2.5 g B8 W58 50 mL TBS-T) A& 2 h

(5) —HEE: KPP RIPUER & &t NERKEBRADUERE &4, £
4°C'N, PEIRZZEREDIWE 12-16 he

(6) VelE: £V ESR)E, #H 1 XTBST B (10X TBS 538 77K 1 L4
9 1: 9, A Tween-20, WM 0.05%) XfEREAT 3 RBEE:, K 5-10 min, fEREIK E
SJHEEE .
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(7)) ZHiigaE : R —Prr @I, A SR it B Ui & &, A
JER B APV § &, FREIKEE 2hEE.
(EF: P B WG H 1 X TBST ¥ KiEYE PVDF i =i PA |, 38 5-10 min,
REK T A B %8R 101 (IR A fE, 5N PVDF i L, B 5 FH R s
DIHTOREER, R BREER .

2.2.10 BERAIEBS ST oih

AW FUAEH Excel 888247 BB AIVHEL, B0 DO IE £ A5 IR 2Z  (SD) HoR,
H 18 Fl GraphPad 8.0 B AT ¥ G it AT A R 22 . R A K & 75 2 o #h
(One-ANOVA) J7ikfuse el 2 8] 22 5, PR (B LA A LSD-t ke, 4nf p fE/)
F0.05, MINAHZESHAREN.
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3 ZAR

3.1 PM,s RER/NRIZEREEEFBTIEE R BT

N T I ST AR %t /) R T AT AT A AT eI, ASHTE 7T % SR ) 2 R 4
FXT FEZH 9 2H AT T AR &R, 16S rtDNA JU 5. FFZH 2% B 24022 . RT-PCR Fl
Western Blot 255256

3.1.1 PMys RER/NRIEHEENTK

LEARMEFEH RN T 5AIE PMas 2% 2250 /N BRAERERIRZ M, A 710 36/ BN 28 25 T 46 5
— AR EE RN, R FAL A IR 70 Gl 58 T /N R R 52 il L Fh v 3 P i A 1 B L]
fE (HDL-C) FYEZEFASE A HE R (LDL-C) 45U Hil =8 (TG) 4

=

Ho
3.1.1.1 PMys REFR/NRIEENT K

el 3.1 B, PMas 25T, #FA/D RS RAN K ETHEZER, BE PMos
TG FTE R, R/ AR EA T A B2 T .

IMNEHE
30- &
* g T Em Control
*;* T e

S - = Exposure
E 20-
=
@
3
g
5 10+
m

0- T T T T T

ow 1w 2w 3w 4w

Time

3.1 PMosEBER/MEMAETN. *P <0.05, **P <0.01, ***P < 0.001
Figure 3.1 Body weight changes in mice after PMa.s exposure. *P < 0.05, **P < 0.01, ***P < 0.001

3.1.1.2 PM,s % &[5 M 3% $HDL-CFILDL-C& = I {k

WK 3.2 Mg R ER, PMas 282 5/NRAMNA I HDL-C &8 8E T~ HF3%E
A FH 2 X 2. 23 4 it 4 2 16 2 ok XL s B AP 2L 2, Rt A A &4 i w7 ) R R
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1M PMas 2% Ja /N UM L ) LDL-C & 822 Tk, H 3 EAE SR I AL 2R JE [
W2 1 i A is AR, (et 4L S A E [ A AR 2R

HDL LDL
150  *+ 200
150 T
1004 5
T 1 T
° S 100
E E
= 50— =
50
0- T 0- T
o P o P

32 PMus & EfE/MRIMASH HDL-C A LDL-C BIZEL. *P < 0.05, **P < 0.01, ***P < 0.001
Figure 3.2 Changes of HDL-C and LDL-C in plasma of mice after PMa.s exposure *P < 0.05, **P < 0.01,
***pP < 0.001

3.1.1.3 PMys ZREGEHIEHRTCE =Tk

Wl 3.3 AR EIR, PMos B o/ RATIES TG & & EET &, Hl =k dH
TR AR D R R A T RS, A ML (0 2 By, 38 A FPRE R 5 AT 2 M

TG
1000
800 L

600+

pmol/L

400

200+

& 33 PM.sRBRE/NMRAFAEF TG BIZTAL. *P <0.05, **P < 0.01, ***P < 0.001

Figure 3.3 Changes of TG in the liver of mice after PM2 s exposure. *P < 0.05, **P <0.01, ***P < (0.001
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3.1.1.4 NG

I PMy.s 2% £ J5 % 70N SRR 25 A0 FL A0 B I A AR SSHR bR I e 24T, A9 K B PMas
T ol /NRARE TS, FEAE A H I = e DL AN e R AR A, SN IR R
3.1.2 PMus BRER/MRPFEEEHT

N T RGIEFE PMos XT/NR I E AR S2, A B 16S RDNA U W42
HNR I TE B2 AL
3.1.2.1 PMys REEMHERBIMENEEETK

Uk 3.4 Fis, PMas %52 DU JE J5 2 52 241708 B8V 08 B B TR JOURT 18 T DA 5 Bl b, B
BB VAN o5 B, i o R 2H /0 R 16 1 B AUORF T 11 AT T BE B T TARDGT o bl T 2 3 1
AL,

Baseline  C1 C4 P2 P3 P4
100 B
—_
£ Phylum
=~
@ 75 Others
2 B ctinobacteriota
g B Fatescivacteria
g G :-u Campylobacterota
0 . Deferribacterota
$ . Verrucomicrobiota
= . Proteobacteria
® B Fimicutes
& . Bacteroidota
0
*k *
il 0.4 *
1.0 Ty — . Baseline
F Em Baseline B
Fos =3 Control . g o3 = Control
gé o = Exposure gg B3 Exposure
52 £502
$3 E2
T ® 04 =
(- g g
@ ; = 0.1
® 02 '_;
@ 4
0.0 0.0
- >
S 5 ﬁéa
o < f Q‘baa g &

3.4 PMys RER/DRBERFYMENEZELL. *P<0.05, **P <0.01, ***P <0.001
Figure 3.4 Changes in relative abundance of intestinal flora in mice after exposure to PMazs. *P < 0.05,

**P<0.01, ¥**P <0.001
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3.1.2.2 PMys R ERFEEREFoZHMTL

Wk 3.5 MEE R, EOR PMos B Ja B 22 A1/ S I8 B a2 RIS 0 HEALAR
PTG B 55 72 SR, L 2 i 2/ )N B o T o2 A R A B T 50 AL/ BRAFAE 22 37 (P=0.24)

ns

700

600

Chao1

400+

3.5 PMysBTEE/RBERRFaEHMEWL. *P <0.05, **P <0.01, ***P < 0.001
Figure 3.5 Changes in a-diversity of intestinal flora in mice after PMa s exposure. *P < 0.05, **P <

0.01, ***P < 0.001
3.1.2.3 PMys RERFIEREIPZHEM T

N 3.6 AR PR, HIR PMo.s B 75 i 55 Fa 41/ B 18 T AR B 22 A 1k 5 o) I 2L A
PU TG B 22 5, (E 2 2 e 2L/ B 1) J 38 T B 22 R A LU T30 R AL/ BRAFAE 22 57 (P=0.06)
I HAE TR0 Hr (PCoA 73#r) b RAFAE D 2c 4k

ns " ﬂ

@ 0.71 v
O 0.4- A
c ‘ / /
= g
Lgg = Group
k=l = 00
L] & [#]4
g 3 e

0.51
("? 2 0.4
% T
|
@0 541

0.8~ T i i 1
-0.25 0.00 0.25 0.50
A B PCo1 [28.6%]

& 3.6 PM.s RER/NRIHEREBZHEMET L. *P < 0.05, **P < 0.01, ***P < 0.001
Figure 3.6 Changes in beta diversity of intestinal flora in mice after PM» s exposure. *P < (.05, **P

<0.01, ***P <0.001
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3.1.2.4 PMys ZRERFEREH=ET T

W] 3.7 IEE S, KL PM,s 2R 5 85220 (B) /NE A IE B AR AR Hox) B2
(A) BT .

f_Rikenﬁll!aqeae g
g__Alistipes-
NA-

s__Lachnospiraceae_bacterium DW59-
f__Marinifilaceae -

g__Odoribacter-

p__Patescibacteria -
¢__Saccharimonadia -
0__Saccharimonadales -
f__Saccharimonadaceae -

g__ Candidatus_Saccharimonas -
o__Peptostreptococcales-Tissierellales -
__Anaerovoracaceae -
g__[Eubacterium]_nodatum_group -

o__ Christensenellales -
f__Christensenellaceae -

Group

[
H:

T T T
1 2 3 %

LDA score

o

37 PMusHREBERMNBAESREA/ N RBERFHEHENTN.
Figure 3.7 Relative changes in intestinal flora populations of control and exposed mice after PM> s

exposure.

3.1.2.5 I\

T I Rk ) % FE A ) 16S rDNA I 7 (11285 SR o34, B 58 R T PMa.s 2% 5% 2515 5 /1
5 i 1 R AR S R T, A B R ECE DA N o B2 FE I R A AR . X e at gt —2D
ViHH T PMas 252 vl e 2 S8V BB E R AL
3.1.3 PM,s ZEfG/RATBERE RACEAIEZ (L

T RGP FE PMas /N BRI AR A (T2 e, ASHIE 584 B 2 230 B 22 W 22
RT-PCR #1 Western blot KA 5 9 2H /)N BRI A A A A2 4L

3.1.3.1 PMys REG/DRATALRIEMHT L

T RGBT PMas SN AR S, A RSB HE Yt g2 28 /) AT A
FIg FRARAL . T R 3.8 S5 SR R, A ZH /N BRI R D0 BH (2 0 20 A8 el o PMas B3R
JaI/NE (P, HATAIMRIABRAR K,  [RI A) DU S 31 B4 B i 2 N &7 K NASZE /N
fE i, MR BRI —id, SERMFAERTF IR AR, LB RE, PMys it NI
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W R Gt e T/ RO 3 A /0N, I ELARIN 8] PM.s % 5 /0N BT HH 00T 2 ¥
HERRTARTE -

C P

3.8 PMusREEDRAIFEATAEE.

Figure 3.8 Liver tissue section staining in PM s-exposed mice.

3.1.3.2 PM,s B ZE GATBEBE X BT B E FRIAKFE Tk

(1) PMas %58 o IR o1 S8 A0 AH Q2 PR K B A2 4k

AT FE A B E TP e 3 B A M 7 R S ) R 1 SR A B AR B B ) T S A
a( PPARa) VA Je - EE 5 g i B B A s 42 Hh (1) — e SR an e L 4B A S840 1(4COoX D),
PIBRAZ L 54 A2 1 1A (CPTIA) %5, W& 3.9 fii7n, PMas 5% 5 /NRATHE+ ACOXT %
KIKFRZE TR, PPARa )R IE/KT 2 B (P=0.06) .

PPARa ACOX1 CPT1a
1.5 2.0 1.5-
c ek
s L 154 5
7] 0 7]
% 1.0 ] % 1.0
& P @
S £ 1.0 2
@ o 5
< 054 s 2 0.5+
[ ¥ 0.5 o
[ [ [
0.0- 0.0- 0.0-
c P c P c P

® 3.9 PM.sHEF/RBIFFAEREREMRAXETFHRERERIAKFEL. *P<0.05, **P <0.01,
*** P <0.001
Figure 3.9 Changes in gene expression levels of hepatic lipid oxidation-related factors in mice after

PM, 5 exposure. *P < 0.05, **P < 0.01, ***P < (.001

(2) PMs % & i i Jot & A SR 2 DA AR X AR AL
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KT PMas R R IR BT & B 73 b, ASBF 8 oh 2 N 1 — LB 3 2L 4% g
JE BT IR - S BE R T eSS A B E 1(Srebpl), NENITR A ABE (Fasn), CBEGHEE a 3R
Ll 1ACCl), TERRTEHEY A ZSBHMEF 1(SCDN%F . HARWE 3.10 iR, PMas B
Ja/NRAFEAS Srebpl, Fasn, ACCI %N T RIE/KFEEF G .

SREBP1 ACC1
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o
|
L
o
]

* k& %%

mRNA expression
- —
o w
1 1
mRNA expression
-
o
1

el
©
1

(=]
o
|
=]
[=]
1

c P c P
FASN Se01
1.5+
2.5
*kk g
é 207 2 1.0-
S 45 g
8 g
» @
4]
< 1.0 Z 05-
z &
i 4
£ 0.5 E
i 0.0- ! T
c P

B 3.10 PM.sRES/NRAVATBIEAS B & AR X B FHIEEREKFEN. *P <0.05, **P < 0.01,
**kp <0.001
Figure 3.10 Changes in gene expression levels of hepatic lipid synthesis-related factors in mice after

PM, 5 exposure. *P < 0.05, **P < 0.01, ***P < 0.001

(3) PMas %58 Jo IR 01 70 M AH OQ 22 IR K 0B A2 4k
T PMas 0 IR A G 52 23 52 M A, ASBIE 58 vp 2 B80T — LB JH I 32 S % R
5 R Rl G A v = BE AR T B (ATGL) A= BUsE Hl =B g g (HSL) %5
HAEFRWE 3.11 Fron, PMas 2 58 fo 2 85 41/ BUH T H 6 53 9 fidAH DG R 1 I R 1A 7K P 5
X R H TG I 2
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ATGL HSL
1.5- 1.5
=
c [=]
5 ¥
8 1.0 T 3 10 .
g E
[= N »
5 @
< < 0.5
< 0.5 Z
2 E
E
il : 0.0- ! T
[ P

B 3.11 PM.s RFEE/NFRAVFTAEAE B #RHE X B F R ERERIAKFLEL. *P <0.05, **P <0.01,
**x P <0.001
Figure 3.11 Changes in gene expression levels of hepatic lipolysis-related factors in mice after PM» s

exposure. *P < 0.05, **P <0.01, ***P <0.001

3.1.3.3 PMys ZER/NRHIAFIEE R B ERRIEKELZ

N TR EIE FIRIERIKF AR 45 R, I5 2] PPARSE IR LA o 11 24
i, Fh AR MR ) S AN A B IR [ 0 AR DL R G 4 i Ak . TEARTR AR T
western blot #illl T FFIEH PPARaf 8 H R A KA. ] 3.12 45 R iR, PMas
F 72 5 /N R ATHEF PPARGER A RIE /K 5 2 T

2.0
-
(=]
& 154
S0
C P EE 1.0
5
v ol £ 0.5+
GAPDH & 5
—— ] 0'0_
PPARa [N &
< &

3.12 PM.s B TBf5/NRAVRTBE PPARcHIE AFRIZKFELL. *P <0.05, **P <0.01, ***P <
0.001
Figure 3.12 Changes in protein expression levels of hepatic PPARa in mice after PM; s exposure. *P <

0.05, #*P < 0.01, ***P < 0.001



30 PM, s 32 A28 /) B P Al A= 0o FEPAEE A i A ) S P i 7

3.1.3.4 N

I8 I ok ) B B2 L ) RT-PCR F1 western blot 45 55041, AT PMas iz
51 /N IR B A K B2 T s, IR /K- IC B B A8 4k, ATk — 25 5| L iR
EMKTTE, ST R 2L .

32 FEEHBHE (FMT) R/ RAEER SIS BRI

N T BAIE PMa.s % 55 5 B0 /)N BV 38 B R AR A 5 H P B A 2 L 2 TR R &R
AT T IS IR SLES . HR A Z GRS A I 16S tDNA /7 4235
2L RT-PCR 1 Western Blot 255206 7k H#E4T 7 I61IF .

3.2.1 EEBHERE/IDRNBERETL

AT DU 25 ST Wt 2 T AL A [ T BOx HRE oy A 2EL AT % 3 DRI AFEAL 1Y) 16S rDNA I Fr 45
SR b0 T R 2L M T T R N 5 R T A AL P R AR LA SR TR R A I /) B T TR R 22

3.2.1.1 EEBEE/ N RMERFNIMERETL

WK 3.13 s, BHE—F)E, BREFEBFA (ExposureA) FIXHREFEZH (ControlA)
Hh iz AN FETC W R AL AP, R ER R4 (ExposureB) HH AT IR 1]
AN & EEARG, JEEERE T TAEXS S LTS (p=0.09) . TR #EZ (ControlB) H I
A TR T DA JEE B B 11 AEDOS o BRI R AR A, 1X 5 PMas B8R J5 /) BRI AR AL 3 — 2
I H FMT S50 5, 258 B HE2H 5 0 M TR A 4H /) R I T B AR N = BEARAE 22 5 o
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HEBEAE N ERETEEITHL. *P <0.05, **P<0.01, ***P < 0.001

Figure 3.13 Changes in intestinal flora species abundance within two weeks of fecal bacteria

transplantation. *P < 0.05, **P < (.01, ***P <0.001

3.2.1.2 EEBER/NRHEEFSHFMEEL

WKl 3.14 frs, fE2S R RS 1 — 8 J5 5% 5% 3 B 2H (Exposure A D F6S IE B #F 2H ( Control AD
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HIfpIE a2 FEME O B AR . TR FS B REAE P B Jo R Z2 i iF 4 (ExposureB) [ 71
H a2 FEVEAR L T IR B BEZH (ControlB) & FF&H (P=0.13) .

ns ns
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‘ 500+
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E | == g |
O 400 . . ‘ O 4007
|
3001 l 3001 . L
ControlA ExposureA ControlB ExposureB

3.14 EEBERBANBERESHMETL. *P <0.05, %P <0.01, ***P <0.001
Figure 3.14 Changes in the alpha diversity of the intestinal flora within two weeks of fecal bacteria

transplantation. *P < 0.05, **P < 0.01, ***P < (0.001

3.2.1.3 EEBER /IR EREEPEZHEMTI
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3.15 EERBERBEANBERESPZHMT. *P <0.05, **P <0.01, ***P < 0.001
Figure 3.15 Changes in beta diversity of intestinal flora within two weeks of fecal bacteria

transplantation. *P < 0.05, **P < 0.01, ***P < (0.001
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(C.CN #1 C.Baseline) flg il T agJc B 0. A8 1k

Ercny [ P saseine 95% confidence intervals
Translation = . —_—— 0.028
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0 015 -0.008

] 0.006
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B 3.16 EEBENEMEERINESEESR. *P <0.05, **P <0.01, ***P <0.001
Figure 3.16 Differences in functional enrichment of intestinal flora before and after fecal bacteria

transplantation. *P < 0.05, **P < 0.01, ***P < (0.001

3.2.1.5 EFEBERARENNERNBEERINGEER I

P 3.17 For, ERKEE, REEREAL/ RIS ETE R A IIAE (P.OND 4
T B REZEL(C.ON) B 25 R
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3.17 HEBER/DROBEERFIEESR . *P <0.05, **P <0.01, ***P < 0.001
Figure 3.17 Differential analysis of intestinal flora function in mice after fecal bacteria transplantation.

*P<0.05, **P <0.01, ***P < 0.001
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3.18 EEBER/NRMAELN. *P <0.05, **P <0.01, ***P < 0.001
Figure 3.18 Changes in body weight of mice after fecal transplantation. *P < 0.05, **P < (.01,
kP <0.001
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3.19 EEBERF/NRMIZF HDL-C A1 LDL-C F9ZE{K. *P < 0.05, **P < 0.01, ***P < 0.001
Figure 3.19 Changes in plasma HDL-C and LDL-C in mice after fecal bacteria transplants. *P < 0.05,
**P<0.01, ***P <0.001
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Figure 3.20 Changes of TG in the liver of mice after fecal bacteria transplants. ¥*P < 0.05, **P <
0.01, ***P <0.001
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Figure 3.21 Liver tissue section staining in mice after faecal bacteria transplantation.
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Figure 3.22 Changes in gene expression levels of hepatic lipid oxidation-related factors in mice after

fecal bacteria transplants. *P < 0.05, **P < 0.01, ***P < (0.001
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Figure 3.23 Changes in gene expression levels of hepatic lipid synthesis-related factors in mice after

fecal bacteria transplants. *P < (0.05, **P < (.01, ***P < 0.001
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Figure 3.24 Changes in gene expression levels of hepatic lipolysis-related factors in mice after fecal

bacteria transplants. *P < 0.05, **P < 0.01, ***P < 0.001
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