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WA BRA I BRAE, 48 H C57BL/6 MitE/NEL (5 A
i AR BTR 18~20 QW T U RIS EFA
PR WL Y7 AT IES SCXK () 20190003, 2 it 52 46
TEEL W 3 AL st RHR B ) R R

KA R R Y % W (aspartate aminotransferase,
AST) |, N & IR ¥ 4 1 (alanine aminotransferase,
ALT) . H il =BE (triglyceride, TG) ., & IH [E B (total
cholesterol, TC) k% [ 5 & M JH [ % (low density
lipoprotein cholesterol, LDL-c) 1 /& % & i5 & H 0
[& B Chigh density lipoprotein cholesterol, HDL-c)
PR 0 A R AR TR T, IR AR
PrELge e W 1 2= KA HOR A, 4 20
OB, WHERKEAEADR AR A,
QlAamp DNA Stool Mini 35| & . RNeasy Mini i&
# 4. W A Qiagen 2 Al. TRIzol A + ik % &
SYBR Green 5l &, W B R A LB A BRA .
1.2 FRIEMZFHME BLCC1-0238 Bk F*

fift & B ZE ALFF B BLCC1-0238 42 F %1 LB Wi {4
B FE 3,37 CHEK (150 r/min) 1598 8~12 h X%
AR, BiFRI 5 000 r/min B0 10 min, 5% BT,
JCTE PBS YE¥ 3 W H S AR W3 SOt B I T
600 nm 4k W & W 6 BE. AR 4 R OE By 2F 9 AT R
BLCC1-0238 f4 45 i 2E 1 il 26 I 12 e B2 SR J 2%
HPEEE Z 10° CFU/100 pL # 10° CFU/100 pl
ERCE S L
1.3 REFITMERRE

R /NRZ 7 d3E PR R S BEL A 4 4
BHIAEL.BAERL 4 H. XA CON):IE
AR RO 4l K s NAFLD A5 S 41 . 5 i 48R+
TR K AR T 4] (BA-L) BRI + 4§ R
UM S 10° CFU i 3 ¥ 2 4 FF 1 BLCCI-
0238 1 7l 4 T P41 (BA-HD  #6 R 21 + 5 K A HU
B E 10° CFU fif 38 b 2F 4T B BLCC1-0238. i
sk 16 J R/ BUR TR . W SRR S RS
8 12 h (A7 {4l AR S BRI AL FE /I B R A 1T
JFIE 20 2R i N A
14 MFERERARBEZKEN

BARHLIESE 6 H/NR(BAEEZ 2 FO# 7
TH AU ZURAE AR AR 0 12X 55 65 150 B 43 000 2 il 7

H1 AST.ALT.TG,TC,LDL-c fl HDL-c /K, #B
ST IFFRELH AU 10 Y0 22 S WV [ 5 J 28 A I 6 LR
YIF (5 pm), #4795 A ARG A0 (HOE) YL 1 55
Gh R FFIE 4L 2 OCT 3 Fe % 4% 8 pm 1]
R HEATIEL O BEN Y e, Qe85 Ba A 23 T .
15 BERNBTVERAZDH

M NAFLD i8I 20 F1 BA-H 20 2> B BEPLE$% 6
JUNRMEEAEL 2 O REFHHNEY. #
H QlAamp DNA Stool Mini i 7] & #£ BUNRE W
WP E DNA, PCR ¥4 16S rRNA [ V3-V4
AR X Bl RIS S BOCER(11], PCR 779
7£ Illumina HiSeq *F- &l /¥, ifi if UPARSE 7.1 X%f
¥ 5 i3 47 - 4E 43 25 B8 9T (operational taxonomic u-
nit, OTU BE40471, ] RDP B JF 1T o 2R
& 505317
1.6 FFEEALRERAFSH

M NAFLD #5521 F1 BA-H 20 43 51 B HL % £ 3
HANR (A EEEE 1 D). RENFAL. M
RNeasy Mini 5] & 42 BUFIEZ4 S RNALIFH Agi-
lent Bioanalyzer 2100 #f17 B s Kzl . # # RNA
SCEE ., f# A Tllumina HiSeq - 5 3 47 WA ¥ U 7 .
W5 TR R B 0 47 R 4 R AR P Bl O ) 2 L R A
Ensembl GRCm38.91, H StringTie #1 Ballgown
B R R Y R i85, UL Fold change =2 F
P<20.05 Jgbr i i 1 22 5 R 35 HE L fe 5 b 25 S 0k
HIFEAT GO & 46 70 1 1 5E PR4E 5 4 73 BT (gene-set
enrichment analysis, GSEA),
1.7 EEFEFEZR PCR

¥ Ml TRIzol ¥ #& HUJF 41 21 RNA, fifi
SYBR Green i | £ 7€ Applied Biosystems 7500
Fast Real-time PCR &4t | # 47 qRT-PCR, ;i if
HA PR I mRNA kK FEGIWLE D,
BAREMES 3K, UL 18S rRNA N2, i
27 AR A N R IR IR
1.8 Lt

N SPSS #EAT S8 14y B, >R FH AR BE X X
t Kot AT 2 5 B E MM R Kruskal-Wallis
6 58 XoF i T Tl 2 0 TR R A G 3 B R AT LEESe 43 BT .
P<<0.05 RonBEAG IR L,
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Table 1 Genes and primers used in this study

FEH BT KN/ bp Bl
Genes GenBank accession number Size Primer sequence
Cpila NM 013495 133 F:5-TGGCATCATCACTGGTGTGTT-3'
- R:5-GTCTAGGGTCCGATTGATCTTTG-3'
Hadha NM 178878 177 F.5-TGCATTTGCCGCAGCTTTAC-3'
- R:5-GTTGGCCCAGATTTCGTTCA-3'
F.5-AAATCTACCCTCTAGTACGGCAG-3'
Abcd 1 NM_007435 182 L e r o s A !
R:5-TGTTTCCCGGCACAAGACTC-3
Acadm NM 007382 75 F:5-AACACAACACTCGAAAGCGG-3'
- R:5-TTCTGCTGTTCCGTCAACTCA-3’
Plazgda NM 008869 99 F:5’,—CAGCACATTATAGTGGAACACC//A—g/
- R:5-GTCCAGCATATCGCCAAAGGT-3
Neehl NM 178772 193 F:5'[*ATGAGGTCGTCATGCGTCCTA*S/
- R:5-TGAAATTCAGCGCGATCAGAT-3'
Lipa NM 001111100 75 F.5-TGCCCACGGGAACTGTATC-3'
- R:5-ATCCCCAGCGCATGATTATCT-3'
Dagla NM 198114 91 F.5-GTCCTGCCAGCTATCTTCCTC-3’
- R:5-CGTGTGGGTTATAGACCAAGC-3'

N

HERE LW

21 fRIEMF AT E BLCC1-0238 % NAFLD /MR
KR E K%

M1 ATRLE Y w530 3 41/ B Ik
o 0 R 34w F 6 BR AL, H NAFLD 4 19 14 i
HEHOIN B 2 T X R4 (P<<0.01) ;5 &, 28 BA-L
BA-H T 5 19 2 41 /s BUK BT & 1 3% K T NAFLD

s0p
45t
40f
35t
30f
25t

At /g Body weight

20F

15 3 3 W 6

i)/t Time

CON:Xf B 41 s NAFLD: &% 5 i 5 (1) NAFLD #2141 ; BA-L. {5
A VEN ZE AT 1A BLCC1-0238 T 41 s BA-H .. i 77 & fif JE 8 2 1
I BLCC1-0238 T4, # fiFk NAFLD 45 %) Ml e = R
FTHHS NAFLD A IL%e; =/« P<C0.05, # #/x x P<0.01,
## 4 /% x x P<<0.001, FIA., CON:Control group; NAFLD:
NAFLD group induced by a high-fat diet; BA-L:Intervention group
of low-dose B. amylolique faciens BLCC1-0238; BA-H: Intervention
group of high-dose B. amylolique faciens BLCC1-0238. # represents
comparison between NAFLD group and control group; * represents com-
parison between intervene groups and NAFLD group; #/ * P<(0.05, #
#/% % P<<0.01,% £ £/ % % x P<(0.001. The same as below.

1 MREREEZL
Fig.1 Mice body weight changes

H(P <<0.01), U245 B U0 W i € ¥ 2 16 T
BLCC1-0238 W2 T NAFLD /| B 5 & i 5 it
2.2 fRIEMFAFTE BLCC1-0238 Xt NAFLD /MR
FF 440 B B R 25 1% 59 %2 M

2 B0 B AF 43 Hr (B 2) R, NAFLD 41 1 81
JFF HUE 52 5 240 B B i 28 1k RS B 8 B B R A L T BA-
L F1 BA-H T 11 21 AT DA 4% ik 2EhE R . el O 44
O HE Qe 255 WoR , 5% AL AH LG, NAFLD 41
/N BT 40 16 v i s i S 3 RS 0 s 5 NAFLD 414
b BA-L 411 BA-H 41 0 JF I 20 At i 7 & = 8 3%
RREATG o L 5 30500 Sk AR5 b 9 O 3 SR 50 WD i T o 2
AP BLCC1-0238 34 T NAFLD /N U T 41
& W A P A AR,
2.3 fREMF AT E BLCC1-0238 3t NAFLD /MR
It Ag 7K < 70 BF B 453 457 B9 52 M

3 I VE A8 bR R, & PR AR UE R 2E AT
BLCC1-0238 A 45 &4 B A% 1l g 7K F (E 3A-D) , 22 1t
JHHE 25 (& 3E i F) . 5 X R AH Ltk , NAFLD 41
NI T TCL TG, LDL-c [ 7K - & 2 84 fn (P <<
0.05) ;5 NAFLD 414 It . BA-L #1 BA-H AT T fig
BEBR M TC. TG, LDL-c /KF (P<C0.05), 7
Hh 5% BB ZHAH 1, NAFLD 20/ Bl i o ALT Al
AST /K% FFH(P<<0.01); 1 BA-L #1 BA-H
T2 W& FEAL T iM% ALT Al AST /K (P <
0.05) o 1M 25 R U W fiff & #9327 #6417 BLCC1-0238 F%
fIlX T NAFLD /N BRI i fig 7K S FIF I 46453
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Fig.2 The histopathological sections of the mouse liver(200 X )
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B3 fRiEMFRITE BLCCL-0238 AT T NAFLD /)RR I & Ag /&

& 2(A~D).ALT(E)#n AST(F) K FEH Ik

Fig.3 Serum level changes of lipid(A-D),ALT(E) and AST(F) in NAFLD mice under B. amyloliquefaciens BLCC1-0238 treatment

2.4 fREMFRAAFE BLCC1-0238 3t NAFLD /R
EEHE SN
T 16S rRNA FE R T, PPAG ff UE B 2F f61 FF
B BLCC1-0238 % NAFLD /)y Bl i ik Wy i Bt £
FEVER 2, B R Ze 2 2R (B AA) BRI EAR
HA S I Y TR U W RE AR 22 B M 1 43 BT 48 B
KB E . 7E OUT 7K-F- (& 4B #1 C) . BA-H 411
Shannon 5% (P <C0.05) F1 Ace 5% (P <C0.001) &
FETF NAFLD 41, Ud A f# 3& 4 2F fil 4T 7 BLCC1-
0238 T FRFEAL T il S W vl B 2 R
2.5 fRiEMIF AT E BLCC1-0238 3t NAFLD /MR
EEEEMNZm
i 1l 5 T, i U # 2F 46 FT T BLCC1-0238 B¢
75T g 3 T A ) TR R A R B T A 4 AR X

. % PCoA 43#i (Bl 5A),BA-H 415 NAFLD 41
bl 1511 R o I TR = O V3 I 2l B O ol
BLCC1-0238 + gk 48 T NAFLD /I i A4 i 18 faf 2
PITRESS H . 7ETT/KF (] 5B) . 5 NAFLD 14/
L, BA-H 438 fin 1 2 i '] (Actinobacte) 148 J&
I 7] (Proteobacteria) A X £ B 4/ T B BE R 1]
(Firmicutes) FIHAF B ] (Bacteroidetes) A X} F &,
TEJB K ( 5C #1 5D) . A% T NAFLD 4. BA-H
MW EF WM T R EE IR DR B BB AT T
(Bifidobacterium ) A8 % F B, H 2 &% W B #
(P<<0.001),

LEfSe 43 #7 .75 (# 6), 7£ J& /K °F I- NAFLD
H) B R AT E 8 (Lachnospiraceae NK4A136
group) AT B 8 (Bacteroides ) X £ E R H . M
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22 L BA-H T4 F ZHm T XU FT 3 & L Cur-
vibacter & J& . W5 1k B MY B J& ( Nitrosomonas)

Faecalibaculum J& . Faecalibacterium J& B #8 %t =
| B TS K

- 2000
600 8 — -
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100 E -
=
ok 1 1 1 1 n
=) =) =) =) 0 0
g 8 s 8 NAFLD BA-H NAFLD BA-H
[« [ (= [=) (=3
- N N < e 2415 Group 21 5] Group
1l FF Reads % FI
Number of Reads sampled

A Fi B4k Rarefaction curve; B:Shannon #8%% Shannon index; C:Ace $8%{ Ace index.
B4 fRIEMEFAITE BLCC1-0238 B T NAFLD /NRIFEHBSHET K
Fig.4 Diversity changes of gut microbiota in NAFLD mice under B. amyloliquefaciens BLCC1-0238 treatment

A.PCoA 43 #1 PCoA analysis; B.[J7KF Phylum level; C. J&7KF Genus level; D. BUE; AT & #H %} = BE Relative abundance of Bi fidobacte-

rium.
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215 Group

Composition changes of gut microbiota in NAFLD mice under B. amyloliquefaciens BLCC1-0238 treatment
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H (& 7B),BA-H 41 8. 3% L 337 AR, BF T
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2R RIIEREHET GO TR H 4, I iE
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e Ae ALl i A LR A QO A L U T A T
A A L H Tl = TR e MR B O R R
240 i X TR 8 2R R P B S AR L I e A
Y3 180 1 240 A I AT L R I A L O
Ao I 5 R A= W 5 CIE A 45 AR A Wl R . BA-H
2RI 9 A DY AR T R AR L D L
e 1 5 9 T MAPK 936 98 455 L 5 B A 1 T A AR

B

B NAFLD
B BA-H

B ES  B ol R 52 MR 5 T I E R 4R LN B

20 R T AR G A DR 2 AU T IER Y

BRAEEYFLR ., NGO S Hr g Rl LA

VE MY ZF 46 FF T BLCC1-0238 £ 2 il T 18 I MR &

J L T P B S i BT AR 35 A o R L DA TG A 2 fi

o iR AR S A TS o R 246 M A A
I FH

o]
¢ Bacteroidia
p_Bacteroidetes

AHEARSY ST s B LDA G370 IR B (LDA 23 B X R T 4, LDA 3 850 s 10 W] R 8 22 Sl .

-3.48

-2.33 -1.18 -0.03 1.12 227 3.42 4.57 5.72

A':Cladogram. B: Histogram of LDA

discrimination (The absolute value of LDA score was more than 4. The higher the LDA score,the greater the difference in abundance).

B 6 BA-HZ5 NAFLD HZ BIEE = RFEH# K LESe 4 #7
Fig.6 LEfSe analysis of significantly different gut microbiota between BA-H group and NAFLD group
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Fig.7
A GO HELE R ALK R BAH M, i —2
X2 AT GSEA, 25 5 (] 9) & 3. BA-H 41
MR 28002 S 3 2 5 s 7 A0 72 09 1 e 45,
fEK AL &P R TR -4 IR BT ot IR
28 [ AU R S 2R ) il R X
-3,
2.8 qRT-PCR X BT i B Bt 4K 151 48 5 B [F 3= 1% 9 36 iE
qRT-PCR 455 (| 10) .7~ . 5 NAFLD M He,

5 GO &4

PCoA analysis of hepatic transcriptome (A) and volcano plot of differantially expressed genes (B)

BA-H AW E T T2 A DA a(Hadha) ,
WA LA A A S (Acadm) (BEIEEE A2-TVA
(Pla2g4a) 55 5 5 Wi B8 & WA U0 AR A OC L A 1Yy
mRNA ik ; & T I T A 0bE R B L RS i 1a
(Cptla) ATP-Z545 & D WA 1 (Abed 1) %5 5 )i
U7 1% 3 A O R TR B9 mRNA Kk B3 Tl T
P B [ G 7K A% 6 1 (Neeh 1) | %5 i 14 52 14 1S 7 it
A(Lipa) . BRI B8 7 B (Dagla) 55 2 5 18 ¥ IR
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Fig.8 GO enrichment analysis of differentially expressed genes
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Fig.10 gRT-PCR verification of mMRNA expression levels of genes related to lipid metabolism
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Mechanisms of Bacillus amylolique faciens in alleviating
non-alcoholic fatty liver disease
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Abstract To investigate the mechanism of Bacillus amyloliquefaciens BLCC1-0238 in alleviating
non-alcoholic fatty liver disease (NAFLD),a mice NAFLD model induced by a high-fat diet was estab-
lished,and then low and high dose (10° or 10° CFU) B. amylolique faciens BLCC1-0238 was used to in-
tervene. The protective effects of B. amylolique faciens BLCC1-0238 on the NAFLD mice were evalua-
ted by examining physiochemical indexes in the serum and histopathological changes in the liver. The
effects of B. amyloliquefaciens BLCC1-0238 on gut microbiota and hepatic lipid metabolism in the
NAFLD mice were analyzed by genomics and transcriptomics, respectively. Quantitative reverse tran-
scription PCR (qRT-PCR) was applied to verify the reliability of transcriptomics results. The results of
physiochemical indexes showed that the levels of TC, TG, ALT,and AST were significantly reduced by
B. amylolique faciens BLLCC1-0238 intervention and the liver histopathological changes demonstrated
that B. amylolique faciens BLLCC1-0238 significantly reduced lipid deposition in hepatocytes. The results
of genomic analysis showed that B. amylolique faciens BLCC1-0238 altered the microbial community
structure in the gut,and significantly increased the relative abundance of Bi fidobacteria ,which produce
short chain fatty acids. The liver transcriptomic analysis showed that B. amylolique faciens BLCC1-0238
was mainly involved in negative regulation of lipid metabolism pathways,such as fatty acid and choles-
terol syntheses. Additionally,qRT-PCR confirmed the reliability of transcriptomic results. Collectively,
B. amylolique faciens BLLCC1-0238 can alleviate mice NAFLD by changing the microbial community
structure in the gut and regulating hepatic lipid metabolism.

Keywords  Bacillus amyloliquefaciens BILLCC1-0238; non-alcoholic fatty liver; gut microbiota;
transcriptomics; lipid metabolism; probiotics
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