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W OE: AMREAERAET RIERERE R (APP/PS1I AR R, AD I R) 5 AR R (C57BL/6
PR MAEBYSZHENRER, ARRR FTHKILEATHE SL0O01 (Lactobacillus reuteri SL001) s # A .)s R M iE
A A BREMB ARG TR, RITHE AT T AD | RALR| BAL A L EAE A . B etk AD AL Fu 27 A AL
B A o R A R (B85 R), R A& KA 0.2 mL R % 5x10" CFU/mL 4 L. reuteri SL001
HEAREY, RARANBREZFEWAE PBS, @0 REW HHITLY, BAIA 45d. e RE, K
LR ERAA, BT HEFNFHEARMNET 16STRNAVI-VA R 57|, FFat# %k S AAntimisy
M. R T AANKIEE ) R B AE S OTUs £k @46 19 41T, 40 AR 64 4B . 104 ASFHA= 175 4.
AD BAL Rt o ZHEBXTHEAR DR, EAREZRAGEF TR E, KL L reuteri SLO0L &, AA IR
o AN, AD R R eI, ETTKE L, 440 KR FE 11 AHMAFTEH T (Bacteroidetes).

&A@ 11 (Firmicutes) #= % # i1 (Proteobacteria), AD A& X P oMM A TFERTHAA, BER Y
FEHTHAA, HR L reuteri SLO0L 2 M4k o9 BEF 1T/WMATH 1149k (F/B). /£ 8 K-+ L, AD AR
SR P AT EH B (Bacteroidales). FUBR AT H B (Lactobacillales). 3 /24F # B (Bacillales) #= Rk 4F & B
(Bifidobacteriales) #948sf F E K FEHAR MR, EB/KF L, FEHE S EA Allobaculum. £ & H B
(Lachnospiraceae_NK4A136_group). #\4F# & (Bacteroides). FLEL# /& (Lactobacillus)., AD AE& s R 4g AT
B, SLBRE B . W ATH B (Bifidobacterium). ##%F X# & (Alloprevotella) #Anst+ B FEH AR R,

AR L. reuteri SLO0L 234 huiX 4 BAB AT E B . JLEATE B . F AT H B Ao B AFH B £ AD A A F ey F
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JE. AD AR R4 TRINE B (Butyrivibrio) ABst ¥ E 4K TEH AR, HA L. reuteri SLO0L &, HAastFE A
AR P B AR, AR D ROARBE A AFER (Bacilli) EPéﬁ%Lﬁa;#ﬁzJﬂ (Lactobacillaceae), AD A£%!
PRFARLAKF B, X—SRERE LGOI EMLERAF. XFERBFT ADHEA D R5FAE R
B A S AR E R, &R L. reuteri SLO0OL TTA K E N i i B BE R 4 M 20 A, < AD A2 K 469
ALEB| — AL AR AR .
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Influence of Lactobacillus reuteri SL001 on intestinal
microbiota in AD model mice and C57BL/6 mice

Meimei Liu', Rugian Hu', Yaowen Guo!, Weizhong Sun? Jiantao Li!, Mingliang Fan’,
Yan Wang*, Huamao Du?, Zhiru Tang?, and Chunli Chai*

1 College of Biotechnology, Southwest University, Chongging 400715, China

2 College of Animal Science, Southwest University, Chongging 400715, China

Abstract: We studied the influence of Lactobacillus reuteri SLO01 (L. reuteri SLO01) on the gut microbial community in
Alzheimer’s disease model mice (APP/PS1 double transgenic mice, ADmice) and wild type (C57BL/6) mice. The AD model mice
and wild type mice were divided into test and control groups (4 in total), with 5 mice each and only male mice. The test group was
fed with 0.2 mL suspension of L. reuteri SL001 at 5x10** CFU/mL. The control group received the same amount of sterile PBS
daily for 45 days. Fecal samples were collected to compare and analyze the community structure and diversity of microbiota
through high-throughput sequencing of the V3-V4 region of 16S rRNA gene. By sequence alignment and classification, the
intestinal microbial OTUs of the 4 groups including 19 phyla, 40 classes, 64 orders, 104 families and 175 genera. The a diversity
of AD model mice was greater than that of wild type mice, but the difference between the two was small. After adding L. reuteri
SL001, the a diversity of both mice increased, and the increase in AD model mice was smaller. At the phyla level, the dominant
phyla of the four groups of mice were Bacteroidetes, Firmicutes and Proteobacteria. The abundance of Bacteroides phylum in AD
model mice was lower than that of wild type, and the abundance of chlamydomonas was higher than that of wild type. Feeding
L. reuteri SLO01 reduced the proportion of Firmicutes/Bacteroidetes (F/B) in mice. At the order level, the relative abundance of
Bacteroidales, Lactobacillales, Bacillales and Bifidobacteriales in AD model mice was lower than that of wild type mice. At the
genus level, the abundant genera were Allobaculum, Lachnospiraceae_ NK4A136_group, Bacteroides and Lactobacillus. The
relative abundance of Bacteroides, Lactobacillus, Bifidobacterium and Alloprevotella in AD model mice was lower than that in
wild type mice. Adding L. reuteri SL001 increased the abundance of these genera and Bacteroides, Lactobacillus, Bacillus and
Bifidobacteria in AD model mice. The relative abundance of Butyrivibrio in AD model mice was also lower than that in wild
type, but after the feeding of L. reuteri SL001, the relative abundance was reduced in both mice. The dominant strains of
wild-type mice were Lactobacillus, and no dominant flora was found in AD model mice. The results in this article provide
valuable data for revealing the difference in intestinal microbial diversity between AD model mice and C57BL/6 mice, and
feeding L. reuteri SLOO1 play positive roles in adjusting the intestinal bacterial community structure of AD model mice.

Keywords: Alzheimer’s disease model mice, Lactobacillus reuteri SL001, microbial diversity
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LA PR A B A O TR T R IR P22 R I, B
i, WoRBZWMMR RN, BEMAEY (Gut
microbes, GM) 5 AD Z[AIf£7E S ik 208
HEMFEFER AD BREUNRAH, JoW AD R
/NERR B SR s E G S, JF Ui AB TR
TR RARE o 7 5 LA 32 1) AD BT/ B 2 A 2R 4
W EFE B ICE AD BN, /NEUIRH Y AR
HKEEEI . AHELZT , ok F O BREY A A/ INER I 2R
YIREE AN 2378 i AR KT it K
WYL R T WAl AD BRI B I e
ZREAE R A ZERL, BRSNS AR BEHITR AN
Fi2 SR M TR 25 42 A i A O ok s R I P
e [ T2 FT & Helicobacter pylori B3 AD £ 5 H
A A KBRS, AR BRI TR AT DL g
AD M A A M. GV-971 25%) L il 1 i PR ITT
WAL, RBH AT LI AD B E M miE M EY,
R AT R I 1) 9 S S vy, 1T 2 TN AT RE A
P, RS B — W T B R e AD &
R EZER, FIATLLE GM £ AD JRYT
AV TE BT AT

i A TRAE AR IR YT N B G B A BT
FEJHE . BB R R 2 Dl — a3 A T
A] DL o A W - - ikl (Microbe-gut-brain axis,
MGB) s X #2248 (Central nervous system,
CNS). MGB /& —Fp 3 i il R 4, MifE A MGB
WO MRS, ATE PR L A AR A
B2 R AN, BA RS R BN
—FR 43 FLER AT B AT LA SE i )y 308 i 28 76 1Y) 2% A P R
iz shtE, IF BRI th 985 K FoKF-, S8
NEREIEE AT RO 7E AD BRI RSN E -5
FET B2 (y-aminobutyric acid, GABA) ¥ J& %
A5, TS LA R 0 DR XUt A B T 3 o A R A
WA A GABA, HEMMLAEMN A& &, b s
BN, A ERITIE T ISR AD B/
A, o St fRPIR SO 25 BT,
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S 25 A T ] BERENS L A AUHIRYT AD,

TEATFFE R, FoA 1% AD B /N B B A= 75/
BRI 3B TE RV 25 S f AT TR IR TR B
W IR FL M AT B SLO001 (Lactobacillus reuteri
SL001, L. reuteri SLO0L) XJWiFf/INEUzE G4
WRAESS R 52

1 MB5FE

1.1 FRIKEABRATE SLO01 B &l &

L. reuteri SLO01 (NCBI % 5% KU255544.1; T
RIS CCTCC M 2019122) A4S SZ 2 Aif A M
FHR BN Y L i . MR 2 [ E T
FRRYEEE, 75 MRS JE3edt FR2ERIE, thi
B, NGHEST, [FE, ZEAREA TR . W AHER |
A3 A NE [ L ) A A5 o 7E MRS $5 72 5L 15 55 L. reuteri
SLO01, LR ANNfivE, JFH] PBS (pH 7.4) ¥t
%o BERTTIEY L) 5%10™ CFU/ML Ry & &
T PBS RIS EAH A

1.2 i

APP/PS1 XU FE[R/INR (C57BL/6 background)
W e st R it 5 e, $P4E AU (C57BL/6
i R) /NI B R 2B ¥ 7 H i 20 g
LEAT M APP/PSY XU i [R /) U RITHEF A 7 /)N B
BEHLAT N 4 41, H45 H. AD/NRIBFEYL (PT).
AD /NRABEA (PC) B ARVNRIRELL (NT).
B A RUNFOR 240 (NC). W4/ Bl K
0.2 mL A% L. reuteri SLO0L #ERHEE , KRiNE4H
W43 K32 S R i o PBS, B K5 | 9 diid 1
MRAE AT L AL 3, SRy 45 . KN R A58
TR, ENEEER, Ei 25 °C, 12 h B2 h
BIEER, B R EAK,
1.3 /IERZEE 16S rRNA

WEERE A /NRAEE 12 h, & BRI S
fige i), WEHIEME, WAKA LS. R
TIANamp R HEEBGAF & (TIANGEN Biotech
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LTD) £EUNHFEE DNA, PCR §1 16S rRNA
V3-V4 B, 51917451k 341-F (5-CCTAYGGG
RBGCASCAG-3') Fil 806-R (5-GGACTACNNGG
GTATCT-3)M200 g i &4k . Hiledk 98 C 1 min;
98 C 105,50 C 30s, 72 C 30, 30 ME#f; 72 C
IZAEAf 5 min, PCR P42 N HsE e Fo bk 735
JE EIGRF2 (Qiagen, Germany)4fifk H iy EL, 1%
A ARER A0 B2 w1 1lumina MiSeq 250 “F-
ERULP5 2

1.4 INREEERESH

16S rRNA ¥ G PFZK Tag, FFHAE Tag i
IR or2s . OTU 43Hr. ZAEME T I ZRE S
FbA A3 B4 . R Mothur XH 2 R 3647 200 4%
AbFE, I JET Naive Bayesian Fy4325%% RDP
Classi-fier T_HX} Tag #E47¥Fd R, 1158 97%#4H
UE T OTU %it, FFRHEAZIFENIXT OTU i
A B: . R PICRUSE #17 OTU pathway &
Ft, L Mothur $E17RES, o 2805007 RAT R K
PRI TIREI AT . B AT . R RSB AN
o BRI 2261 5 SR F SPSS 21 B4R WU R 22
Gy BTR I A~ A BRZH 22 [R] ST 12425 57, *P<0.05,
**P<0.01, ***P<0.001,

2 BREMM

2.1 MFHE

ZRHCTR A SAbFRZH 20 HUNEUSIE UE M
16S rRNA E:[H P 1) Nlumina MiSeq 250 il
XTRE N7 A 84 694-100 129 AN 5 HA T4 78 i o 4ok
WA ARG FAE, BN 80 010-
92 264 MMZEL, LA 97T%AMAMRUE R4, AT LLArHAC 4G
1176 /4> OTUs, Hifl OTU ¥, £hifsiths,
M 1 AT LA Y B h 2 (0 R i S48 9 AR
0.03 MR URMA T, FrA FF i B e ER s 45 8 26
REET 99.7% (1), X LL4E R IRA T HIFE
T, I I A5 AR TN B A R
SN34S RE 11 B e o S SN K S IS N
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SRR T AIrA B OTU 20 A XF R AR, f45 T
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M#E 1 ATLUEH, OTU H NT 4>PT 41>PC
I>NC 41, FRE L. reuteri SLOOL 7] LA /)
22 NRAEAEFENZHESH
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Hi #% 1 n[ 1, 7£ ACE .Chaol ,Shannon , Simpson
s o ZREMESE T, NT>NC, PT>PC, X#E/R T
VN L. reuteri SLOOL nJ LA /N BRI 18 R 2
ek 7E PC 5 NC H, Hij#% ACE .Chaol . Shannon,
Simpson 4§ o ZFEVEIRECH E, KUIRBE AD
BERL/IN BB 1 T AR W) Z2 RV LU B AR Ry A PT
5 NT #, ACE. Chaol. Shannon, Simpson
TRRZE AN (HZREHEER), BEHIEA BN
Xf L. reuteri SLOOL %S £ L HURL . AD BEL/N LAY
WiB U E Y ZREbE LB AE T 5, IR E L. reuteri
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Fig. 1 Rarefaction curve analyses of sample.

x1 PRBEHEVFEENS HFIHEL

Table 1 Intestinal microbial abundance and alpha-
diversity index in mice
Group OTU ACE Chaol Shannon Simpson St
coverage
NC 517 564.396 564.614 5.933 0947  0.999
NT 575 614.395 613.623 6.563 0.976  0.999
PC 536 582516 580.709 6.062 0.955  0.999
PT 541 590.900 625.310 6.358 0.974  0.997
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VN R 2 DN s A P 45 ) 5 2 R AR R s T R
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L. reuteri SLOOL A] LA [ /1N B 17 a8 i 2 0 o
BT 3, RIFERERIRE,
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Fig. 2 Cluster analysis by principal co-ordinates analysis.
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Fig. 3 Anosim analysis of intestinal bacterial community in mice. (A) Comparison between NC group and PC group. (B)

Comparison between NT group and PT group.
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Fig. 4 Clustering analysis of mice intestinal bacterial community.
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2.3 HEMBEREANST
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43904 50 4~ 54 4, Bl AD #5046 8
e RN T A BN EL, TR LS L. reuteri SLOO1
REN M E W E I, BAEANUL N EE.
74, AD BEUNRBEE, S5EARNEARR
A EAIAE OTU B HR N, XAl LU S
L. reuteri SLOO1 A% A /N B i A Wy 45 A 4
B, BEIAA IR, FEE YRR, WAl LUE AD
R /N BB il Tl A A R B BT A/ B
2.32 YIS FKFHI A

4 /N RSB SR W b 0 A B TR 2 R LR
W I] (Bacteroidetes) FIJEEERE ] (Firmicutes), iX
BT TIPS 20 5 e 51 85 92% (&l 6A). AD 15
AU/ B T TR ) 2 B AR T AR A JEERE TR 1Y)
FEE TR AR, 7R L. reuteri SLO0L £ fin4Ll
FFER T 1R 5 Ee i, B PT 415 PC 4122 [6] (68.54% vs
49.20%, P<0.05). PT 5 NC Z[i (68.54% vs
54.38%, P<0.01) e EMEER. Mk, BRE
L. reuteri SLOOL 2> F#ARJERE R 1 o (1) L 3], i L

PT 5 PC ZJf] (24.15% vs 42.80%, P<0.05). PT
5 NC ZJd] (24.15% vs 38.12%, P<0.05) f77E %3
PEZS N T MR BRI A S R
Goit TIEEER T T SR T HUE (B 6B) . Horp
PC /N F/IB lLERE ST NC 4, RE
L. reuteri SLO01 2F#AK FL{E H. PT 41 Fb{E &/, I
H PT 443515 PC 41, NC =t & &gt
2.3.3 4H1E H ALK

ME 7 WA, FEHBKY R, SR H
(Bacteroidales) FUAHNTF K, JFH AD BAL/)
S AR AR F P A RL/NRL, W& L. reuteri

NT PT
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28

5 MNEREEMEY OTU BEMNLEEE
Fig. 5 Venn diagram of OTU degree of intestinal
microorganisms in mice.
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Fig. 6 Distribution structure of community structure. (A) Relative abundance of the top 10 bacterial at the level of phylum.
(B) The ratio of Firmicutes/Bacteroidetes (F/B) in different groups (*: P<0.05; **: P<0.01; ***: P<0.001 vs NC; #: P<0.05;
##: P<0.01; ###: P<0.001 vs PC).
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Fig. 8 Heatmap graph with phylogenetic tree (genus level).
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Fig. 9 LEfSe analysis. (A) Histogram of LDA value
distribution between PC group and NC group. (B)
Phylogenetic tree branch diagram between PC group and
NC group. (C) Phylogenetic tree branch diagram between
PT group and NT group.
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Fig. 10 Species classification tree of intestinal microorganisms in mice.
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