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Abstract: [Objective] The human intestinal tract is rich in microbial resources, which play a
significant role in the host’s digestion, absorption, growth, development, etc. Currently,
culturomics is widely used in the isolation of beneficial intestinal microorganisms. However,
different culture media have preferences, and a single medium is difficult to comprehensively
isolate the culturable microorganisms in the intestinal tract. [Methods] We used six reported
culture media [brain heart infusion (BHI), Wilkins Chalgren anaerobe broth (WCBM), (Man-
Rogosa-Sharpe) MRS, reinforced clostridial medium (RCM), mucin medium (MM) and modified
mucin medium (MMM)] to isolate the microorganisms in the feces of 58 volunteers, with the aim
of clarifying the diversity of culturable microorganisms in the intestinal tract and obtaining
potential beneficial bacterial strains in the intestinal tract. [Results] A total of 1 052 bacterial
strains were isolated from 58 samples, and they were identified as 101 species belonging to
39 genera of 5 phyla. The BHI medium isolated the most bacterial species (50, 49.50%), while the
MMM medium isolated the fewest bacterial species (24, 23.76%). Except the MM medium, each of
other media could isolate unique genera, and BHI and MMM isolated the most unique genera
(5 each). Among the isolated strains, 466 strains were reported to have probiotic effects, including
Bacteroides fragilis, Lactiplantibacillus plantarum, Pediococcus acidilactici, and Bifidobacterium
bifidum. BHI and MRS media could isolate more beneficial microbial species (10/16, 62.50%).
[Conclusion] We explored the diversity of beneficial bacteria in the human intestinal tract from the
perspective of pure culture by using multiple culture media, providing rich strain resources for the
development of intestinal beneficial microorganisms.

Keywords: gut microbiota; isolation and identification; multiple culture media
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BERRIEAT 16S IRNA LRI 404, %5 HA Fh
FE48 7R i AT B R A i 2 REPE DA O BE
TETEINA 25 PR PR R
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1.1 ##

1.1.1 HARRE

AR g A 58 44 76 s o ) At B A
H. I 22-50 2, Bk Y
1:1o BT R E AERE S AR i 30 d WY TEdi R
FAE S mAEEEERE S EE,
T RFABTCE RIS . RIEH AARHMES, 4%
WAL AR AR 4-6 g FEMAEAS, FERIE Tok&h
RRARAE, IF R 2 S = T TR 4T 5
ARG O AT N S BE R i B e AR Hi 22
S IHEEIL S . 2020014).
.12 EEEFE

VEH] 6 MG IR AT RR A2 5, 3 ol
O 12 W K 3% %E (brain heart infusion, BHI),
Wilkins_Chalgren A 7 1% 3% £ (WCBM), Man-
Rogosa-Sharpe 15 7% 5 (MRS) . 5 fb 12 i 15 3%
(reinforced clostridial medium, RCM) . % & H 5%
£ (mucin medium, MM), %25 o B 15 55 5t
(modified mucin medium, MMM), %% H 1375
il 2 T LA RE R PR R SRR, 2%
FEFE AT B R

BHI #5597 5 (g/L): & APk 10.0, JBoK/NF
Mk 12.5, K40 E R 5.0, & ALEN 5.0,
HIENE 2.0, BERRE 4N 2.5,

WCBM 1557 %E(g/L): Wilkins-Chalgren JK 48
WA 33.0, H3R-80 5.0, L2 b2 R £k iR 46
0.5, #i%#E10.0, FITE AR 0.05,
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MRS 553 (g/L): & E 10.0, FRHER
8.0, WERHEEHUY 4.0, %M 20.0, BEERE 4
20, FPERA 4 2.0, ZFRE 50, TR
0.2, TilfR%h 0.04, M7E-801.0,

RCM #5555 (g/L): ANk 10.0, FREH
10.0, EERREEHCY) 3.0, #i49HE 5.0, AIETETEN
1.0, &1ksh 5.0, BERREN 3.0,

MM & ERFRIL. AW 125 mL/L, B
1.0mL/L, C¥# 1.0mL/L, D 1.0 mL/L, ®§fg
AN 25 gL, L-EMERERERERER 1.0 g/L.

MM 4B HiF 5 (g/L): BHI 38.5, LRt
FRERRER 1.0, Zh&EH 40.0 mL/L,

MR MMM &SR8 (/L) BHI 38.5,
FHHEMH 40 mL/L, L-HAEMR 5.0, N-LIE-D-H
FEA AR 5.0, KEHEAW 16.0, 2 11.3,
LB R LIRSS 0.5, MiR-80 1.0, Pk K MMM
AyESEEF I (g/L): BHI38.5, i 4.0 (mL/L),
LR AR ERERER 0.5, JTiEE K 0.005,
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Al MAKARS, REEYUABRAF .
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TREFE 7 d, SRS TR SRR AR AR AR
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WA 5 AL K 7 25 22400 26 BH ff 11 ik 114 2%
i, FIH MEGA 7.0 %, 45 SR
BREAGERKBEWUSTEKBEELE R, AL
A NCBI B e et 25 B 5 R 50 4 B 0E 58 i b
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12 B T BB A5 E 25 (meantSD) i ik, 241
() H5 4 L R B R 7 22450815 T HECsERE L
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5. Rrg/KHEBE R a=0.05,

2 EREGH
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XF 43 B TR AR PR AT S R 4 DNA 4B 16S
rRNA JE[H PCR §3, = W) 2 3 R B o s vl
PRI IE(FE 1 500 bp Ab 5L B — B 55 55445 A 48 e

) B 2N R 00 o T T N s -~ RA M 7 R e
N 50139 )@, AR Bl A AR R B AR AT
(https://www. scidb.cn), CSTR %5 & 31253.11.
sciencedb.30629,

MK &, 58 s bR SR & T 25 46
¥F 1 1] (Bacillota) . 281 |1 (Actinobacteriota)
B ¥ & ) (Pseudomonadota). 4 #T & 1]
(Bacteroidota) F1 H. 3% 1 | ] (Synergistota), 537 5
OB B 57.16%. 24.52%. 15.22%. 2.95%
F10.19% (K 1A). AWK F, 4385 0 B i SR
J&T 9 NI, ZFEHUFT T AN (Bacilli) ML H BN,
b oS ) 55.80% 5 IZR A M (Actinobacteria)
55 A8 1 4N (Gammaproteobacteria) Ik Z., 43
S 5 o B A 24.30% . 15.20%. Hidr, 24
PR gih 12 ME, ERE N s 74
J&, ML il 5 A JE (8 1B). B

A
[ Bacilli
e ) 0 [ ] Actinobacteria
il B Bacillota 5.20% () Gammaproteobacteria
(] Actinobacteriota W Bocicroidin
57.16% (] Pseudomonadota 55.80% @ Clostridia
24.52% & Bacteroidota 24.30% [ Erysipelotrichia
(0 Synergistota ] Negativicutes
(] Coriobacteriia
(] Synergistia
¢ (O Bacillus U] Lactobacillus [J Actinomyces
([ Staphylococcus U Finegoldia O Cutibacterium
[ Streptococcus O Clostridium O Eggerthella
@ Ligilactobacillus O Weissella O Klebsiella
27.95% @ Lacticaseibacillus [0 Erysipelothrix O Escherichia
(O Lactiplantibacillus [ Christensenella (] Shigella
OVeillonella (] Hungatella (] Enterobacter
23.29% [J Enterococcus U] Bifidobacterium Citrobacter
J Acidaminococcus @ Collinsella U] Cronobacter
8 Limosilactobacillus ] Corynebacterium [ Bacteroides
(] Lactococcus U] Rothia O Phocaeicola
/11.41% () Thomasclavelia O Winkia (] Parabacteroides
(O Pediococcus (] Schaalia O Cloacibacillus

Bl AKBREIEFRMEER. A: [1KF; B:
Figure 1
level.

MWK C: J@KFEs

Composition of cultivable bacteria in the human intestinal. A: Phylum level; B: Class level; C: Genus
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KVHE, AR Bacillus) ML AR, &
BB 27.95%, IEOrEGH 3 NFR . 294 BRI
YN U AT B & (Bifidobacterium), 5 43 15 &
Ky 23.29%, SrEH 7 AR, 245 BRI ER
T J& (Enterococcus) . i 5 11 K 1 J& (Klebsiella) .
FLAEHT 3 J& (Lactiplantibacillus) . 5 FLFF B &
(Limosilactobacillus) %5 T J& 1 &7 ¥ — & L f
(# 10,

WA RGE LB MR RCPIETT . 2R
BT AR AT R T A IR 150
5 Ko fEZFMFFH ] & F R L FQ26-D.
FQ2720 % WM KXW EHK 5 W XK E B
(Enterococcus) % N — Y, FHITEE (Bacillus)
5L FQ59-5, FQ27-8. FQ32-32 MARE M EH
RN —7, # % EKE R (Staphylococcus) 5 VA
FQ55-20, FQ64-10, FQ24-15. FQ26-22 Jyftdk
1B AR R — 372, BT IR 8 (Weissella) 5 LA
FQ23-21. FQ26-15 MKMW E KT N —3L, 18
F KRB AT B & (Ligilactobacillus) 5 FQ30-19 .
FQ50-22 MK HEME —3, FRAITHEIE
(Limosilactobacillus) 5 Lk FQ41-D. FQ2-24 M1t
KE R N —Z, FLITFHEE Lactobacillus) 5
DL FQ24-20-1, FQ69-3 MACEA KR I—,
7 W& FT 5 )& (Lacticaseibacillus) 5 Ll FQ49-21 .,
FQ40-A. FQ32-34 WIVEKMEHE N —3, I
K 7 J& (Pediococcus) 5 UL FQ40-7-1 AL LAY
WRE N —3, FURH 8 (Lactiplantibacillus) 5
L FQ26-8. FQ38-16. FQ37-B ML FE M H R
N—3%, FLEKEJE (Lactococcus) 5 UL FQ35-35,
FQ28-14. FQ28-19 WAVKMH KR b—3,
BK T J& (Streptococcus) 5 Lk FQ8-30, FQ61-7.
FQ60-8 S MARKR M MR E I —3, MK
J& (Thomasclavelia) 5 Uk FQ64-15 M AR 1Y B Kk
RN —3Z, FRKEKEIE Veillonella) 5 VI
FQ55-12. FQ65-22 HIARMEMRE N —3L, &
FETRER B J& (Acidaminococcus) 5 1) FQ30-14 MY
R AR R Ny — 3, RWIE (Clostridium) 5 L)
FQ55-8 UM RRR N —3Z, TP KEE
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(Finegoldia) 5 Lk FQ64-2 J A0 i T bk ]y —
X, v HU B 2% [ & (Christensenella) 5 VA
FQ33-D ALK R R A — (& 2). P
T R AU B SR T TR o0 b
Ik R ZF AT AT 1 3)0
22 AEEHFENHEDZEMNDE
SRR

AMWETE R 6 T i 55 Bt A A7 38 A 9
HEATAY B . WFE R I, BHI B3 ST 43 B 5
224 ¥R (5 21.29%), MRS ;35335 5] 214 ¥k
(15 20.34%), WCBM $5 55 5673 25 5] 207 #k (i
19.68%), RCM 35751255 200 FR(H 19.01%),
MM B3R5 B 3 116 #R(H 11.03%), MMM i
T2 L5 B 5 91 MR (i 8.65%). BHI K3kt
MRS 55 77 BEAE B R 23 B RN 03 B IRl 5 7
¥R ; WCBM BE 3 BE bk o B 8w, H
IYEYIRR S R MMM B3R BRI RR B R
AR, HE R 4w TR (B 4). AR
BE TR PR O B RN R AR ] 2
X TR R O A W A RN B R SR
O, AW HE— DRI 1T AR 2R BB 3R Ak oy
BRI AR

BHI 3577 56705t 4 1] 25 J& 50 FhidA:=4)
HAZEAIFFEIT ] 53.13%, AR 15 VR 4
B2 N AT RN Bacillaceae), 571 AL
HJ 28.57%:; ,ﬁ\:‘{ﬁﬂ\j%fﬂ?%%%(Enterococcaceae),
4 B A B 8.48%. WCBM 5 9% 3640 &5 1
30712 J& 20 PRk, ZFEATET] A 57.00%,
Lo o R, a5 A A R
770 I N (I S
(Staphylococcaceae) . FLFFHEFEH Lactobacillaceae)
42 W B (Clostridiaceae) F1 Vg & 1 15 & F
(Peptoniphilaceae). MRS 5 3 3 43 B 1 3 ]
20 J& 43 AR, ZFEARATEITT S 74.77%, Eo0ES
8 ANBE, HirBH & 2R E Bl (Leuconostocaceae)
FZEFF R Coprobacillaceae){Y % RE TR FHE 475
8. RCM KR 3 17 13 J& 31 FRAUE

(Bacillaceae) .
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Figure 3 The phylogenetic tree among Pseudomonadota, Actinobacteriota, Bacteroidota and Synergistota based

on 16S rRNA gene sequences.
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Figure 5 Diversity of cultivable microorganisms isolated by six types of media.
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(Streptococcus  salivarius)®7 . FL B2 H Bk W

#1 ETAEEFREFERKESELEE
Table 1

(Pediococcus acidilactici)®™ . i 55 1 F &
(Bacteroides fragilis)* %5 16 Fh 25 A= 40 1 3+
466 PR, i SIT B 44.30% (3R 2).
24 ANAEBEBEBEITENMNRIE
Rk

ARG 6 FhsEFREE s B 16 BV 27
MEYRN, Hrh, MRS B4 2 A 25 Ak
&%, N9 M(23.68%); HiK N BHI 5 RCM i
Fik, &N 7 ®h(18.42%); WCBM k532 3l
6 ' (15.79%); MM i 5% Kl 5 F (13.16%),
MMM 1 35 58 4 FF(10.53%) (I 6), H,

Summary table of genus-level taxonomy based on different culture media

Medium type The unique genera in each culture medium Number
BHI Acidaminococcus, Corynebacterium, Rothia, Winkia, Cronobacter 5
WCBM Pediococcus, Finegoldia, Clostridium 3
MRS Weissella, Actinomyces, Cutibacterium 3
RCM Erysipelothrix 1
MMM Christensenella, Hungatella, Eggerthella, Parabacteroides 5
Cloacibacillus

xR BAmEWLEE
Table 2 Summary table of beneficial microorganisms

Strain name Phylum Genus Number
Bifidobacterium longum subsp. longum Actinobacteria Bifidobacterium 149
Bifidobacterium bifidum Actinobacteria Bifidobacterium 28
Bifidobacterium animalis subsp. lactis Actinobacteria Bifidobacterium 4
Bacillus velezensis Bacillota Bacillus 215
Ligilactobacillus salivarius Bacillota Ligilactobacillus 16
Streptococcus salivarius Bacillota Streptococcus 12
Lacticaseibacillus paracasei Bacillota Lacticaseibacillus 10
Ligilactobacillus ruminis Bacillota Ligilactobacillus 6
Lactiplantibacillus plantarum Bacillota Lactiplantibacillus 5
Lacticaseibacillus rhamnosus Bacillota Lacticaseibacillus 4
Limosilactobacillus fermentum Bacillota Limosilactobacillus 4
Weissella confiisa Bacillota Weissella 2
Lactobacillus crispatus Bacillota Lactobacillus 1
Lactobacillus gasseri Bacillota Lactobacillus 1
Pediococcus acidilactici Bacillota Pediococcus 1
Bacteroides fragilis Bacteroidota Bacteroides 8
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Figure 6 Number of cultivable bacterial species of beneficial human intestinal microbiota on different anaerobic

media.
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