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Abstract: [Background] Previous studies suggested that the colonization of microorganisms in the
host’s intestinal tract was affected by both host and microbial behaviors, including many factors such as
the host's intestinal environment, the origin of microbial strain and species characteristics. It is
generally believed that the microbial strains have advantages in colonizing the intestinal tract of the
same category of hosts, but there were few reports on the colonization of host intestinal tract at the
species and strain levels. [Objective] This study aims to explore the colonization of host guts by
different microbial species and strains, and to reveal the key factors affecting the rate of microbial
colonization. [Methods] In this study, three strains of Enterococcus xiangfangensis and four strains of
Lactobacillus reuteri from Tibetan pigs, ob/ob mice, Macaca fascicularis and fermented food were
prepared into a mixed agent to feed germ-free Bama miniature pigs for four weeks, and the colonization
of germ-free pig guts by these seven strains were detected with quantitative real-time PCR. [Results] At
the species level, E. xiangfangensis and L. reuteri colonized similar number of cells in the germ-free
pigs. However, at the strain level, E. xiangfangensis EX-MS and L. reuteri LR-MS that originated from
mice colonized more cells than the other five strains, indicating that these mouse-originated strains had
an advantage of colonizing germ-free pigs. After the three strains of E. xiangfangensis and four strains
of L. reuteri were respectively mixed in equal proportions and cultured for 72 h, E. xiangfangensis
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EX-MS colonized more cells than EX-MK and EX-PG, while the four strains of L. reuteri colonized
similar number of cells. The interaction test between the seven strains demonstrated that EX-MS exerted
inhibitory effects on EX-MK and EX-PG, while it had no inhibitory effect on the four strains of L. reuteri.
[Conclusion] At the species level, both E. xiangfangensis and L. reuteri had good ability of colonizing
the intestinal tract of germ-free pigs. At the strain level, E. xiangfangensis EX-MS and L. reuteri

LR-MS that originated from mice had colonization advantages. Moreover, EX-MS gains the

colonization advantage in the host intestine by inhibiting the growth of E. xiangfangensis EX-PG and

EX-MK respectively originated from Tibetan pigs and M. fascicularis.

Keywords: gut microbiota; Enterococcus xiangfangensis, Lactobacillus reuteri; germ-free pigs;
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Figure 1

Flowchart of bacterial colonization of germ-free pigs.
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Table 1 Primers and Tagman probe sequences

Detection object Primer/probe

Sequences (5'—3)

Target genes Product size/bp

EX-PG P_accC 228 Fpg GGCGATCCATCCAGGTTTTG accC 193
P _accC 420 Rpg TGTATTGATCGCACCATCGCT
T_accC_278 pg CGATGTGTGCTGAATGCAATATCA

EX-MS P _accC 210 Fms ATCCATCCAGGTTTTGGTTT accC 196
P_accC_405_Rms GGAATAACTGGGACTCCTGC
T_accC_278 ms CGATGTGTGCTGAGTGTAACATT

EX-MK P_accC 241 Fmk GGCTTTGGGTTCTTGTCCGAA accC 124
P_accC 364 Rmk GGACGCCGGCTTTTTGCATTAA
T accC_269 mk TATTTGCGACGATGTGCGCCGA

LR-PG P xylB_303 Rpg TGCCCAAGTGATTAACCATG xylB 174
P xylB_ 130 Fpg GAACAAGAGCCAGAAGAAGT
T xylB176 pg ATGATGTAGCTAGGGCAG

LR-MS P _xylB_833_Rms TCTGGGTCAATAACAGGATG xylB 203
P xylB 631 Fms ACTGGTTTAGTGCCCGAAGC
T_xylB675_ms ACTTGGAGTACCCGCTAATA

LR-MK P xylB 512 Fmk AGGTTGATATGTCAATCGCTTCC xylB 154
P_xylB_665_Rmk GCTTCGGGCACTAAACCAGT
T_xylB538_mk ACCGGCTTGATGAACCTTAA

LR-JJ P_xylB 294 Rjj GATTAACCGTGAAAGAGGCT xylB 141
P_xylB_154_Fjj AATGCTGCGGAACAAACTAT
T xylB216_jj ACTGGCAGTCTCAATTTCA

Eall/Lall P_16S_613_F TAGCACTCATCGTTTACGGC 16S rRNA 150
P _16S 762 R CCATGTGTAGCGGTGAAATG
T_16S_657_Eall TGTTTGCTCCCCACGCTTTC
T_16S_657 Lall TGTTCGCTACCCATGCTTTC

HERTRL, SR Bk MR R £ (ZOMANBIO) 4
BUE R DNA, FH] LightCycler 480 E#& PCR
ARG (Roche) W EEAR HEIT R, DAR B |
o S P R A R O A 56 A A P 2R ) o A
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FEAREU o HiAx 6 BRIE A 100 pL B E H
AFIMBARIC AL, R R DR R KRS
JCEAE 37 °C R R AR & PR IR R,
R 2 A5 A iR PR TR B 2R 0 7 R D
DR BESN 4R N, L Z MIANRE

2 BREM

2.1 EHRENEIKEZ AR

M7 MR I (8] 2)nT 0, 7 BRIETE
FiF% 2 h 5, ODgoo fHIREE FTt. 3 BRED A ER
WERE 7 10 h 5, ODgoo (ELIE Bl fi 5 , b 1.2-1.3,
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PFRFATFE S, LR-MK 94 K# 22 070 h!,

PF oA 3 #R 2 T ECFLAF IR o 7 220 BT 2 SR 3R 0

(A) 15,
1o}
g - EX-PG
= EX-MS
0.5r —+—EX-MK
0 20 40 60 80

t/h

4 B R FLFF I AT SR [F(3,8)=22.79, P=0.000 3]
FELAE KR [F(3,8)=11.06, P=0.003]/71E b 2
25 —H Tukey £ LS LR, LR-MK
AR5 LR-PG ANAAE 3% 22 5 (Mp=0.05,

P=0.99), {H5 LR-MS (Mp=—1.10, P=0.000 8)
F1 LR-JJ (Mp=—0.88, P=0.003)J{CI 1A 1E i3 3%
Z5; LR-MK A RK# S LR-PG AELE
i #F % 5 Mp=0.03, P=0.98), {H5 LR-MS
(Mp=0.31, P=0.009)F1 LR-JJ (Mp=0.28, P=0.02)
A KHERAEREZES . BARERKERL
A, AHJE 4 BRZ PR IRFLFF R R 4 OC R
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Figure 2 Growth curves of E. xiangfangensis (A) and L. reuteri (B) strains.

Fx2 =HBVBHHRERNKAEEERKERMLSD)RFETHER
Table 2 Generation time and specific growth rate (M£SD) and variance analysis results of 3 strains of
E. xiangfangensis

Growth EX-PG (n=3) EX-MS (n=3) EX-MK (n=3) F(2,6)
Generation time/h 1.61+£0.12 1.52+0.03 1.38+0.14 3.20
Growth rate/(h™") 0.62+0.05 0.66+0.01 0.73+0.07 3.46

*3 OAKFRERRATFENRITMEERKERMLSD) R ETITER

Table 3 Generation time and specific growth rate (M+SD) and variance analysis results of 4 strains of L. reuteri

Growth LR-PG (n=3) LR-MS (n=3) LR-MK (n=3)  LR-JJ (n=3) F(3,8)
Generation time/h 1.50+0.23 2.55+0.23"" 1.45+0.25 2.33+0.03" 22.79
Growth rate/(h™) 0.68+0.11 0.39+0.04" 0.70£0.12 0.43£0.01" 11.06

. P<0.000 2; T P<0.002 1; *: P<0.033 2.
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Figure 3 The number of colonization cells of E. xiangfangensis and L. reuteri in vivo (A) and in vitro (B) at
species level. A: two species in germ-free pig four intestinal tracts; B: two species mixture culturing in vitro.

ns stands for P=0.05; error bars indicate standard deviations.
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Figure 5 The number of colonization cells of E. xiangfangensis in vivo and in vitro. A: 3 strains of
E. xiangfangensis in germ-free pig four intestinal tracts; B: 3 strains of E. xiangfangensis mixture culturing in
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vitro; C: 7 strains mixture culturing in vitro. ****; P<0.000 1, ns: P=0.05; error bars indicate standard deviations.
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Figure 6 Interactions between 7 strains of E. xiangfangensis and L. reuteri. A-1: L. reuteri had no inhibitory
effect on E. xiangfangensis, A-2: E. xiangfangensis had no inhibitory effect on L. reuteri; B-1: LR-PG had no
inhibitory effect on LR-MS, B-2: LR-PG had no inhibitory effect on LR-MK; C-1: EX-MS inhibited EX-MK, C-2:
EX-MK had no inhibitory effect on EX-MS; D-1: EX-MS inhibited EX-PG, D-2: EX-PG had no inhibitory effect

on EX-ES. Arrows indicate the range of inhibitory zones.
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