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M E:IFX] WiEaRAEME B IRRE WML, EARB BRI, KBGO MHEMREHH
REM QBT T AN BB BRI EAEZEL. (B0 AR ABMEMEY S ik, AHHE
BIRFEE T RN AED SN, RBREMHERLERZHAED TR, [HX1 RATZXKETA
N RIE I R AR B mE HATT 4 %, 454 16S IRNA KB4 34 Fo /7 7 4472 4 8 3K
FeymA AT AT oM. [ERY 25 BF3 T 1245 mid, 25T AH311225 82+, AKX
Lk, EH B (Protecbacteria)tE A %@ 11, Lo B &4 71.00%, ERAKFLE, THAN
(Proteobacteria)fe 2 F64T # 4R (Bacilli) AL B AF, 451 & o B & 4049 71.00%F 27.23%, 1& /& KF
t, %A KB B(Esherichia) A % H B, Lo B 844 46.75%. F—EAHEmTHRAL, obH
N RBERA, EIHRAF 561 trshibmid, HF Q45K A [T(Actinomycetota)d i . &4 3%
i KHE B BRI HE B (Pseudomonas). 3k H 2 (Enterococcus). 44 & H /2 (Streptomyces) ) 48 i ;
F DR AR ER EFERA, EES D RERA, BHRF 539 e mE, T EABRERA
B . ¥ AT H & (Bacillus). % # ¥ H /& (Vagococcus) . # H /& (Clostridium) . # s A & B
(Exiguobacterium). #i & B4 3 Ja4T & /& (Lysinibacillus); % = X ARméa mizit, asd =%
BARA, B3R 4s MReemE, &4 AL HE B (Aeromonas). AT AR BAAT i & (Citrobacter).
A K . /& (Hafnia)F= 24T 5] & (Obesumbacterium). b, = KEIZHRE A &S5 EKPF EHIKIT
KRR H R, A 3RS AT, R T MRS vA A& MRS % ik 3& Rk o948 % 8 17 2 2 B 5 11 (Firmicutes)
I, HABIEREPTRF GRS TTARLZELE . AFRELIN 96 WA KBeymE T, A 82+
MR P RATRARE A BAER, b B LR 6.59%; I 2 B ABEFE, &aB LK
4.98%, HPAREAMIZREEME EFRAFATOHERATEG. [£B8] RAZRRAEKGRKR
REMHEREN SN, FETRDDEFTORAEMNITR, HABHABMHEREN T RITE LT
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Abstract: [Background] The gut microorganisms are closely associated with host health. As a
first-class protected species in China, investigating the composition and structure of the gut
microbiota in crested ibises holds significant importance for the restoration of their population.
[Objective] To investigate the microbial diversity (cultivable microorganisms) in the gut of
crested ibis (Nipponia nippon) and explore the beneficial microbial resources. [Methods] We
used eighteen subtypes of culture media belonging to three main types to isolate gut bacteria
from healthy adult crested ibises. The isolated bacteria were identified and analyzed by 16S
rRNA gene amplification and sequence analysis. [Results] A total of 1 245 bacterial strains
were isolated and identified as 82 species belonging to 22 genera of three phyla. The dominant
phylum was Proteobacteria, with the isolates accounting for 71.00% of the total isolates.
Proteobacteria and Bacilli were the dominant classes, with the isolates accounting for 71.00%
and 27.23%, respectively. Escherichia was the dominant genus, with the isolates accounting for
46.75% of the total isolates. Basic media constituted the first type, including nine subtypes, on
which 561 bacterial strains were isolated, primarily including Escherichia, Pseudomonas,
Enterococcus, and Streptomyces belonging to Actinomycetota. The media supplemented with fecal
supernatant constituted the second type, including six subtypes, on which 539 bacterial strains
were isolated, predominantly including Pseudomonas, Bacillus, Vagococcus, Clostridium,
Exiguobacterium, and Lysinibacillus. The media supplemented with fish were the third type,
including three subtypes, on which 145 bacterial strains were isolated, predominantly including
Aeromonas, Citrobacter, Hafnia, and Obesumbacterium. The three main types of media exhibited
different selectivity toward microorganisms at various taxonomic levels. The dominant phylum
isolated by MRS and MRS selective media was Firmicutes, while that isolated by other media
was Proteobacteria. Among the 96 strains of Enterococcus, 82 strains were reported to have
probiotic effects, accounting for 6.59% of the total isolates. Additionally, 62 strains were
identified as potential new species, accounting for 4.98% of the total isolates, and they were
mainly isolated by the basic media and the media supplemented with fecal supernatant.
[Conclusion] We employed multiple culture media to investigate the microbial diversity in the
crested ibis gut. The findings enriched the variety of microorganisms found in the crested ibis gut,
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lay a solid foundation for the future exploration of gut microbial resources in the crested ibis, and
accumulate a wealth of rare strain resources for the development of beneficial microorganisms.
Keywords: crested ibis; gut microorganisms; 16S rRNA gene; multiple medium combination;

microbial diversity

AR5 (Nipponia nippon), 4 [H 5 4 47 2l
Yy, HfmiE AP SR T T AR A R O
P PR AN R R SR AR A R L B
Y B NAE R UE ), PRI, X el
BRI FAMRS BT . &%
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AL 16S rRNA JE] 51 #4735 BLitk 4 i 1 4
AIRIAEE , AR RS B R I 2R,
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TERE PG 48 T b o v B AR R PR 4P il o T R A
F 10 Horalh 5 Hfetk .5 HrEve) B i A
fat B R RO FE AR AR ST BORE J TG A A
FIAFERET 4°C, 2d abEisElo ) RAEm] A
FURBSREER AT 100 g, fESLK, 1
BAFRHL 2.0 g FEA IR ST, FIRFEAL T
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B IPHTHTEEARRG R Pl fE it
1.2 EERFIFNERE

2xTaq PCR Master Mix (with dye), [
AR RAR; 51958 DNA $# U
&, AT TR(EE MDA RA R ; HFrik
BAE, KT k2R A R v

M TAES, EER O AR T A R
ONwly AEARREFRAE, L A BT g b i A
R s PCRAY, B Al B2 3R FRA w5
HLIKAL, dbais—A YR A FRA A
1.3 EFHE

PRI = KRB U, K
IR SCHR [17] H B2 21 04 fili 20 152 VTR ¥ B 5% Ok
(Brain-Heart Infusion Broth, BHI). MRS % [G#,
FFAE K5 7% 5(de Man, Rogosa and Sharpe, MRS) .
JR R R SR B E R 35 K (tryptose soya agar, TSA) .
BB LB BRI N E G
RiFi 3 (beef extract peptone medium, BE)!'"45 3
MR FREL, DI RR—% . MRS fiikfil LB 5%
FRIEE XSG FRAE, BUJLNE,

EEXPPERE SRR A F

R — S i e 5 FR 5 (g/L): KNO;s 1.00,
K,HPO, 0.50, FeSO40.01, MgSO4-7H,0 0.50,
NaCl 0.50, FI#M:3ER 20.00, B 15.00, =
FEERAR 0.04, pH 7.3+0.2,

MRS FiERE FR 3 (g/L): R 10.00, 4
¥ 8.00, BEEHZHY 4.00, K.HPO, 2.00, CeHisN,O;
2.00, CH;COONa 5.00, MgSO4-7H,0 0.20, MnSO4
0.04, FifE 15.00, HEJE-80 1.00, 78 H 4k 0.04,
pH 6.5+0.2,

LB HE R (g/L): EAMK 1.0, EHE
2 H#r 0.5, NaCl 1.0, Zfi§ 15.0, pH 7.1+0.2,

55 ORISR TE LAl 5 R L A Bl WS vk
JEH 2% 4%, 6%MIARGZEMH LI, 5
w4k AG., BG, CG fill AB, BB. CB, HI}

NN, WA TTIE R # 5.0 g ZEEMA 50 mL
Eaikd, Ll 4000 r/min B0 20 min, Y4
JEAKHR, BRI ZEME B

55 = ORISR AR oA 58 2 M C 1 % 94 o £ Y
PR FRIE, ARSI N PR32 09 B AN [ 3L 4R
F. T.FS =/, Hiil# )57k Mm% 100.0 g filfifa
F1200.0 g PN A 1.0 L4tk d, 1 30 min,
FRZAG 3 84S B 0 IR 7 5 35 R 56 ok A ir Ak
P H K RO AT S 5 5UE— R AR 55 25
o BRI ARREZENE pH [Hl 7.3, FEMH HIHG
ISR AU IR 7800 pH By 7.3,

FIARKEFEILA 1 mol/L NaOH 1 HC1 %5 £
AEXT I pH {H, & f543%€, 121 °CK & 15 min,
M RIS HIE 60 °CA A, TEMIG TAE & {5
ZEHA 9 mm WICWE SR, AR
H3ANEL,
14 AR BAUREESFEE

TERR G TAE SRR AR S), L 2.0 g
FEan T 18 mL AEFER K, 10 5B EERRE . T
SH S, RE RS G B Ak Sy 10711
WL 107° W BER B, WA T 1.3 Jrik =K%
ElASE SR 5L b, BREEgR AL 3 A, 37 °ClE
HBEFE 12-16 ho FHH B R R AR B Al
2 PR (8 PO P AR UE T TR S
15 FAEMERY 16S rRNA EEY 15
L

P M DNA 2G5 Gidd B H2 e b
A [ A3 S L B 4y B TR MR B [ 4 DNA, SR
AT 16S rRNA L 54 27F (5'-AGAGTT
TGATCCTCGCTCAG-3")fl 1492R (5-GGTTAC
CTTGTTACGACTT-3")?"if47 PCR 473 . PCR Jx
MAKZ (50 puL): 2xTaq PCR Master Mix (with
dye) 25 uL, #it DNA 2 puL, L. TiE54)
(10 umol/L)4% 2 uL, ddH,O 19 uL. PCR JZ i %%
;94 °C 5 min; 92°C30s, 56°C30s, 72°C
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90's, 36 XAEFR; 72 °C 10 min!'”!, PCR 453 )5
AL 2 uL PEHEA T 1.0%3 IR AR s FL K
PSR 2E SN AR ARG PCR FHAED 1471y, IE4%
Hik 24 TAY TR B A R R

W I 45 S 7E NCBI &4 4 1) BLAST F2
P AT R AU AR DU RE H A, 58 40 B 1 432K -
LA 98.65% 14 AHARLEE S J2 75 Ry Vs A T D R 22

Kl MEGA 110V 4 1 (1) compute
pairwise distances 115t {5 BE &5, R 4B 4%
(neighbor-joining, NJ)EA4 R 50 & H M, bootstrap
I 1 000 YA R 50K B RS F B (5 DX ]
1.6 Zitoth

fiiF SPSS 21.0 FH AR =y 2 40tk 4
LILE R R B A G2 L, FF )y 22mH
S-N-K ¥ %, 5J7 220 il Dunnet’s T3 £ 4%,
P<0.05 B} HAT G it 7,

2 EXRE55M

2.1 REESRFIERIEFHEYTIA 16S rRNA
HELEHER
AR A5 NN 1) 55 2R R 04 3 o 26 4 o 4y

BT 1245 BRANE, ST 31122 )8 82 Fl.
JURhSER R 572 L4036 LB .BE LB Z£7 3% . BHI,
MRS, MRS itk . TSA, HEK—5 ., HEK—5
TG SR B P A A B T 84 79, 36, 89,
33, 82, 119, 19. 20 FR4HE; TEfREINES
FRH, Fo FS. T 830050 BiAa 5] 37,
22, 86 HRANE ; 7EZEMH LHFUSINRG IR, AG,
BG. CG. AB. BB. CB ;7734 55 B 155
107, 99, 71, 83, 108, 71 #R4HHH .
KA DNA 2B G PR ik ks 57
FE4y B IO A0 B L [ ZH DNA, X 41 16S rRNA
L PP 45 5] PCR P25, 1.0%B I bt
J HL o LR AT AN, RSN 2 SR B, B
¥IFE 1 500 bp A B —BHZ Y LIk 557447, RICAAT
TP ARARITY 0 e 8 28 Fe X o3 #r, 25 360,
SrEHFEARIE T 3 1] 22 JEGEE D)o BTFHE
AT S 1% %2 NCBI H 19 GenBank £0¥&
B, & 3 5 N OP755752-0OP756047 .
OR263729-0R263891, 0Q775306-0Q775393 .
OR259065—0R259084 . OR263013-OR263157,
OR206106-OR206371 #11 OR195815-OR196077.

F1 KEFETIZFMAE 16S rRNA HFE LM FFILE 3t

Table 1 Sequence alignment of 16S rRNA gene diversity of culturable bacterial in the gut of crested ibis

FHE selEcE R ABRA PR AEABLEE
Group Clone Representative ~ Similar strain Similarity

number  clone (%)

BRA U 555 LB2 Escherichia coli JCD05 (MH532531) 99.65

Escherichia 17 LB9 Escherichia fergusonii A20 (0Q405419) 99.65

8 LB103 Escherichia marmotae AKP_87 (OP027955) 89.06

2 LB54 Escherichia sp. B24aem (OP004160) 99.78

MR 3 LB100 Aeromonas hydrophila (OR263802) 99.93

Aeromonas 6 EB3 Aeromonas salmonicida I-N-3-1 (KU570320) 100.00

5 EB78 Aeromonas sobria JY081016-1 (GQ232759) 99.65

1 EB10 Aeromonas dhakensis WWi303 (MH396747) 100.00

27 EB25 Aeromonas veronii CH-GX-GLS4-T-1-2021 (ON203106) 99.79

2 AG124 Aeromonas sp. strain J160P4 (MN519543) 997.00

FrEERRAT 19 EB33 Citrobacter braakii CH-GX-LB3-6-2021 (ON221851) 97.24

Citrobacter 21 EB48 Citrobacter freundii 34-a blue (MN208220) 99.79
(FF5%)
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2 1)
Py vepERicE: AR TORE AR B ARALEE
Group Clone Representative  Similar strain Similarity
number  clone (%)
3 AMO74 Uncultured Citrobacter sp. clone LHE104 (JX093178) 99.62
8 241 Citrobacter gillenii KARS (KR054970) 99.21
3 LB72 Citrobacter sp. HCX2 (MH368123) 99.64
Jo kT v 1 ABI105 Enterobacter hormaechei IPBCC 19426 (MN428803) 98.70
Enterobacter 1 LB74 Enterobacter sp. XSF-69 (OP566514) 99.79
W I3 e R R 35 ATI168 Hafnia alvei 13-1275 (ON746755) 99.76
Hafnia 8 250 Hafnia sp. A1 (MN833383) 99.07
27 AT83 Uncultured bacterium (AJ487023) 99.44
SRR RER 3 LB87 Klebsiella aerogenes AC-R2 (0Q421704) 100.00
Klebsiella
LREA N I 49 LB47 Plesiomonas shigelloides 190719 (MT369949) 99.58
Plesiomonas
BIL A 30 LB21 Proteus mirabilis QHD (KJ699115) 99.86
Proteus 1 LB84 Proteus sp. DZ0503SBS3 (EU 382215) 99.58
4 ABO001 Uncultured bacterium clone CR_68 (JX457190) 99.40
13 LB48 Proteus vulgarisP190036 (MN749541) 99.79
B LB TR 1 EBS2 Pseudomonas sp. SG-1 (KC211303) 99.93
Pseudomonas 6 M236 Pseudomonas azotoformans PgBE29 (MH144252) 98.49
1 M244 Pseudomonas libanensis ICE25 (KX588596) 99.36
4 M248 Pseudomonas fluorescens FC6846 (MH497588) 99.36
1 M252R Pseudomonas reactans NOS8 (FJ1972537) 99.79
ER KRR 2 LB49 Shigella sonnei T-B7A (KJ806511) 87.62
Shigella
Wy aaes)EH 17 F78 Obesumbacterium sp. G3SM25 (MN928736) 99.64
Obesumbacterium
FHTE R 1 AG74 Bacillus altitudinis KtRA5-79 (KF032700) 87.70
Bacillus 34 F98 Bacillus amyloliquefaciens AG30 (OR195825) 98.95
59 EB9 Bacillus atrophaeus B-7 (MT434771) 98.60
EB32 Bacillus cereus EVRAPSUBAC-1 (KY293394) 96.40
B3 Bacillus halotolerans S-5 (CP101718) 99.93
AG102 Bacillus mojavensis D50 (MZ165352) 94.55
14 EB42 Bacillus sp. ABA34 (OP755866) 100.00
1 LB5 Bacillus stercoris T342 (MW828127) 99.93
16 t140 Bacillus subtilis265Z2Y4 (KF831368) 99.37
1 AG94 Bacillustequilensis A-4 16S (HQ202821) 99.86
2 LB138 Bacillus thuringiensis SRG2 (MK 743981) 99.22
1 AG131 Bacillus tropicus HBUAS52544 (OM967112) 99.50
16 t157 Bacillus samensis CB21 (OR206347) 99.93
5 F84 Bacillus licheniformis BJ-55 (GQ280065) 98.70
5 BB73 Bacillus vallismortisisolate qd53 (EF473133) 99.86
(15%8)
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e vepERcE AR TR FABAET B ARALEE
Group Clone Representative  Similar strain Similarity
number  clone (%)
1 BG31 Bacillus toyonensisROD244 (0Q674419) 99.28
1 AB126 Bacillus aeriusNHSLA11 16S (MN515089) 100.00
40 ABA2 Bacillus velezensis KKLW (CP054714) 99.71
1 t110 Weizmannia ginsengihumi ATNJC22015 (OR243309) 99.77
2 F107 Cytobacillus oceanisediminis SCSIO_43758 (MH283842) 99.35
AR IR 1 BG132 Lysinibacillus capsici R2-N-3 (OK272060) 86.90
Lysinibacillus
782 1 M230 Enterococcus casseliflavus ZZU A83 (LC119138) 100.00
Enterococcus 1 Mo63 Enterococcus durans BF353 (MK491120) 99.93
55 M1 Enterococcus faecalis IGM5-6 (MT197262) 99.86
8 M2 Enterococcus faecium SB1350 (OR029280) 99.93
10 M76 Enterococcus gallinarum GI13 (MT158590) 99.43
17 ABA37 Enterococcus hirae 708 (CP055232) 100.00
1 MI12 Enterococcus lactis A60-1 (OM570329) 99.85
1 M35 Enterococcus phoeniculicola 772 (MN513232) 99.79
1 MS80 Enterococcus sp. CT-MH6-7 (MW893658) 91.28
1 M239 Enterococcus thailandicus FJAT-18103 (MF385038) 99.22
JERRIR TR 14 AMO05 Kurthia gibsonii RCB321 (KT260533) 99.36
Kurthia
EREE 1 M29 Lactococcus garvieae SCH (KM088088) 99.64
Lactococcus
7 M30 Lactococcus lactisLL-01 (MN108017) 100.00
2 MS81 Lactococcus sp. CSCRZ.C (LC484729) 99.86
3 M43 Lactococcus taiwanensis 1647 (MT597528) 99.79
12k R 3 AG100 Vagococcus fluvialis GX21 (KU937384) 94.72
Vagococcus
i 1 BG56 Clostridium perfringens 3116 (MT613499) 93.42
Clostridium 1 BG76 Clostridium ihumii AP5 (NR_144705) 99.78
WNMTH R 1 BB158 Exiguobacterium mexicanum HH-3 (MN933916) 99.72
Exiguobacterium
FEEHIFT 2 BG34 Paenibacillus lautus B433/17 (OL505560) 99.79
Paenibacillus
WS 2 G13 Streptomyces zaomyceticus TS9 (MT587582) 99.93
Sreptomyces 7 G34 Sreptomyces sp. LK-RR-32 (0Q456548) 99.86
4 2 Streptomyces violaceolatus GC8-61 (KT363060) 99.93
2 3 Streptomyces cellostaticus GC18 (OK513247) 99.79
1 G27 Sreptomyces anulatus S07-1 (KC814714) 99.79
1 5 Sreptomyces fimbriatus VITSK (KX364005) 994.00
2 8 Sreptomyces wuyuanensis JJ123 (KX352809 99.93
NS R R 1 26 Micromonospora pur pureochromogenes FOLE 17 (KM370036) 100.00

Micromonospora
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MTTKFEH, BN T2
(Proteobacteria) . J&RE G ] (Firmicutes) Fl i £k
B 1] (Actinomycetota)%s 3 N1, S BB
By AR 71.00%. 27.39%. 1.60%, Z5JE
WA ETT(E 1A). WK LFE, A
4 44 (Proteobacteria){E L3R 40, ZF AT 1R
M (Bacilli). 2 7 49 (Actinomycetes) Fl A4 1 44
(Clostridiaylk z , 4351 &5 4 B EEH 71.00%
27.39%. 1.61%. 0.16% (& 1B). HHEIE N
WE1LAE, FHEFENGES 8 ME, LR
Was 2 NME, RENEE 11 E. WEKF
FE, BTAREEANTHNESKERE
(Escherichia) W LA JE , 4 &5 1 4 Fh, 3
582 Bk, AP B AEE 46.75%; FLIR A
JAT E 49 Y ZF fFT R s (Bacillus), 73 B
20 ARl o5 AR A B R 16.79% ;5 IEREH R
(Enterococcus) . ¥y 73 JE 1 J& (Hafnia) . #ri R
1# J& (Citrobacter) . 4B 5. Jifd 1% )& (Plesiomonas) .
A T & (Proteus) . LR & (Aeromonas) . JIEE
¥ T J& (Obesumbacterium) . i B il & J&

A

B

B Proteobacteria I Proteobacteria
[ Firmicutes 0 Bacilli
Actinomyeetota Clostridia

Actinomycetes

B Escherichia W Proteus

B Klebsiella

(Pseudomonas) &5 14 J& 1. /5 4 — & Ll (] 1C).

WRRGEKEWHBIEET. JERERT]
MR 15 R T =R AEERERE T, 28
#1AT & (Bacillus)F L AG94 . LB5 ., B3, EB9,
EB42. BB73. t157. ABA2. t140. F98. F84,
ABI126. F107. t110, AG131, BG31. LBIS,
EB32 MUERAAE R —3, LU BB158 A1t
2% 10 41 B AN /N FT 1 iR (Exi guobacterium) 3R i
—3, L BG34 SRR A0 B R 2R AT R
(Paenibacillus)®R A — 3, L BG132 Rt & A4
& AR 24 B2 2 46 4T 18 )& (Lysinibacillus) &
—3Z, LL A005 AR AN 5 R FE R R
(Kurthia) R h—37, LI AG100 A2 /41 i Fi
15 i 3K 7 )@ (Vagococcus) B — %, DL M1,
MS80. M230, M76. M35, M239. ABA37,
M63. M12. M2 3040 & Fl g 2K 1 s
(Enterococcus) N —3, i M81, M43, M30
R AR 2 ) 40 TR A FLBR B J8 (Lactococcus) R i
—37, LI BG56. BG76 NCEMAMHE 5REE
(Clostridium)®h—32, LA 26 MUK BY A
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Figure 1
Class level; C: Genus level.

Composition of culturable bacterial communities in the Crested Ibis gut. A: Phylum level; B:
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Figure 2 Phylogenetic tree of culturable microorganisms in the crested ibis gut based on 16S rRNA gene

sequences of Firmicutes. The numbers in parentheses represent the GenBank entry number of the sequence;
The numbers on the branch points represent the bootstrap support rate; The scale 0.05 is the evolutionary distance.
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Figure 3 Phylogenetic tree of culturable microorganisms in the crested ibis gut based on 16S rRNA gene sequences

of Proteobacteria. The numbers in parentheses represent the GenBank accession number of the sequence; The
numbers on the branch points represent the bootstrap support rate; The scale 0.05 is the evolutionary distance.
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LB: LB ¥:3:5t; BHI: BHI ¥:3:3L; BE:

FRBEAMKRFRE; LBO: LB E 553, MRSS: MRS fikki#i%E; GAS: mK—S ik
S KR EAF RPN oA B 22 57, MR PR R R A BB R

Figure 4 The number of isolated bacteria in the base medium at the total number and species classification
level. LB: LB medium; BHI: BHI medium; BE: Beef extract peptone medium; LBO: LB oligotrophic medium,;
MRSS: MRS screening medium; GAS: Gauze’s synthetic medium No.1 screening medium. Different letters
on the bars indicate that there is a significant difference among them, and the same letters indicate that there

is no significant difference.
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5 BHIEFESHMEFE LFRN BHIEFRESBEEFAMEMSZHEME A BHIFFRE; B: i
INZEAE EVE R BHI 3R 5L C. PR IR 45 g T JE R U AR T
Figure 5 Isolation of culturable microorganisms diversity from BHI medium versus BHI medium supplemented

with fecal supernatant. A: BHI medium; B: BHI medium with added fecal supernatant; C: The difference in
culturable microorganisms isolated from the two media.
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Figure 6 Isolation of culturable microorganisms diversity from LB medium versus LB medium supplemented

with fecal supernatant. A: LB medium; B: LB medium with added fecal supernatant; C: The difference in
culturable microorganisms isolated from the two media.
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Table 2 Genera characteristic in BHI, LB and BHI, LB medium after addition of fecal supernatant

R A
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T SR PR Y
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Exiguobacterium
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Clostridium, Lysinibacillus
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Figure 7 Structure of culturable bacterial communities isolated from different media and their diversity at
different taxonomic levels. A: Phylum level; B: Family level; C: The community structure and diversity of
culturable bacteria isolated from different media at different classification levels. Different lowercase letters

on the bars indicate that there is a significant difference among them, and the same letters indicate that there
is no significant difference.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



=R S| ZRIREIK G IR AR RGBS A 2 e 1689
x3 WERAAEEAEEFEDHFENE

Table 3 Genera characteristic of culturable bacteria in different media

U iRE S| BRI B AR B Number
Medium type Unique genera in each type of medium

SR % SR 5 Proteus, Shigella, Kurthia, Streptomyces, Micromonospora Pseudomonas, 7

Basal medium

USINENE 1 1 7

Fecal supernatant medium

Lactococcus

Vagococcus, Clostridium, Exiguobacterium, Lysinibacillus, Paenibacillus 5

SN 3% 37 2 Fish broth medium  Obesumbacterium

A 100 -
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Figure 8 Genus-level community structure (A) and genus-level number Venn diagram (B) of culturable
microorganisms isolated from different media.
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Table 4 Potential new bacteria classification table

Fecal supernatant
medium

Name of the most similar strain Phylum Order Family Genus Number
Escherichia coli Proteobacteria  Enterobacterales Enterobacteriaceae Escherichia 27
Citrobacter braakii Proteobacteria  Enterobacterales Enterobacteriaceae Citrobacter 5
Escherichia marmotae Proteobacteria  Enterobacterales Enterobacteriaceae Escherichia 4
Bacillus licheniformis Firmicutes Bacillales Bacillaceae Bacillus 4
Enterococcus faecalis Firmicutes Lactobacillales Enterococcaceae Enterococcus 3
Aeromonas salmonicida Proteobacteria  Aeromonadales Aeromonadaceae Aeromonas 3
Pseudomonas azotoformans Proteobacteria  Pseudomonadales Pseudomonadaceae Pseudomonas 2
Bacillus velezensis Firmicutes Bacillales Bacillaceae Bacillus 2
Bacillus cereus Firmicutes Bacillales Bacillaceae Bacillus 2
Bacillus atrophaeus Firmicutes Bacillales Bacillaceae Bacillus 2
Vagococcus fluvialis Firmicutes Lactobacillales Enterococcaceae Vagococcus 2
Proteusterrae Proteobacteria  Enterobacterales Enterobacteriaceae Proteus 1
Plesiomonas shigelloides Proteobacteria  Enterobacterales Enterobacteriaceae Plesiomonas 2
Paenibacillus lautus Firmicutes Bacillales Bacillaceae Lactococcus 2
Escherichia fergusonii Proteobacteria  Enterobacterales Enterobacteriaceae Escherichia 1
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Figure 9 Phylogenetic tree of potential new bacteria under different culture conditions.
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Table 5 Beneficial microbial classification table

Strain name Phylum Order Family Genus Number
Enterococcus faecalis Firmicutes Lactobacillales Enterococcaceae Enterococcus 55
Enterococcus hirae Firmicutes Lactobacillales Enterococcaceae Enterococcus 17
Enterococcus faecium Firmicutes Lactobacillales Enterococcaceae Enterococcus 8
Enterococcus lactis Firmicutes Lactobacillales Enterococcaceae Enterococcus 1
Enterococcus durans Firmicutes Lactobacillales Enterococcaceae Enterococcus 1
Enterococcus casseliflavus Firmicutes Lactobacillales Enterococcaceae Enterococcus 1

MRAFE I, A TefE ERE IR

SREY A,
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o e B sk A TR HESh Y B, A
MR AR RGN A, ARRS 1 fd R
ARASTT DL S Wl FLATG B A BE I T it o TR VR
AR R SRR TS Y . S b AR b A5 AR 28 [R)
G, DL, RES A ) 2 PRI 5t mT DA
VER A S IRSE W ) — 3B BT A 2 Rk
T Y 457 2 B £t e AR I AR A8 vh 473 T O HE A
o, X RS E R 5T, AT LA
TRAR X At R R D0 A B A, 3 T LA A HOAG 2 1
) A 258 BRI CRAP it 1) ) o P (bR 2= ARl , 3
X AR5 AR S R G T AR ) 2 R DR
BEBEMAESE L, M F—HERWRE, K
Z BB A IR A5 T ATSR TG R 5%
HIE IR R, (RS FRA AR i, AT LA
BIAE RSN 2545 21 3 2 i A A 208,

AT HR = KA NN SR B
SRR R RY I A E AT B A e, A
1245 BRAHEE, BEATAEA 3TN 22 N8
HY 82 ANFl, R R ARIETE1(71.00%) . JERE
1(27.39%) TR T 1(1.61%) . AWFFEPI
ST TR RE g 1 AT SR AR W TR 2 AR
AERE 8 F B — % R S A0 B — 35 5 B SR ) o (1)
WAL, AHIE 5T RE % 5T 4 1 b J| 7R R BY i 1
MAIM 2R Baid FahPiaiEaEmn
WFFEIEATT 73 W2, — 280 DA eyl 12 P 4
RAFEMRIGFREA, H—LKELFRBR—F
MM EMARE R A, XTFaigsREER, k£
I 5 SRy PR 5 FH B it 5% % 5 ) o) 2
filt 35 IR AT O SR B SR e Y, AR B IR
i LA 0 50 9 6 0k B 35 35 19 78 95 1 R ol
((Brrirs

AWK I, N[ 2EYBE 57 F X R jY g 1
TE W) 53 B BORA ANAR TR o FH Sl 1 7 0
SRR 561 PRANTR , %8N 59 AR, R
INZEAE |35 555755 19 51 539 PRANTE, %

k27 AR, A AR B A5 E] 145
EE, %N 29 NP, BRI, gl
3T 22 AN @A, Hodr, (UBRE SRR R R
o mna 6 NE, URBER IS Ly
B A BI0AE S B, (URETER Nt
RIEEFR I AR 2T 1 A8 LAk, A
FEIR B, VSN DR 8 75 6 S R R A
GPRE R TE o M R R — 2R L K AR 2
B, [ TS KA S iE T, T
SR IZEH AR E R, B —E N EUE
PE, JE A s b 5 SUBL AT R O i
Jin e PR R 37 AE e £ PE RS IR SR M R T L
B, XTI SRR S FAE
MIZER . B, WS R B 3R AR AL T L
BT B SRy . AR S EEE AR
Ji Wi A A SR 0,k 2 Ay R A AR R
MR AR, M R A a2 i e A
PR I Xof sk 2785 F W o LA AR s i A R BE 5
W, USRS IR IE AT RE S R R R ARAF AR
PSRN, XA R e e e
B, RSN E AR SRR SR, W
AL TP B K AL ER, £ A H 0 S T
A RESAE WA eI T, — 25 3 i b 57 S Xt
SN BB . BEAh, P s
43 AT BE T A AR T R A A TR AR A A AR
FH DA 4 155 B R TRT P A G A AR
A5 2R FH 22 P S At 35 77 0 A B9 i 18 L
Aty glifk, ¥HET LB, BE. BHI.
MRS, TSA iX 5 B RARBEF5 T & [ —5 5 K
BRFR I X SRR IR I B IR A AR B, 9
CaffiHZ4, HILEARMR Y, XA
Xof AR 68 M 38 A 0 ) 3 B RORAR X B4, ABATS
FAE—EMBIG . A, XEHERIER
SRAEAN A B Aoy B A b SRt gs, Hres
EEINE T NEZ ok N IR S TR U]

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1692 A 2 AR

Microbiol. China

MRS 35 55 FEUS R By o Sfe e M i 1 A A
WA REIG I AN TR A 2R . s PRSP S5 AR A
RESHAIE R 4T 11 @A, Hd, JBRERT]
RG], oy B 68.18%, HIKIEAR
TEBT ] 20 B M) 13.64%, JHET ]S 08
S 12.64%, HIAFIET](Bacteroidota) i 43 25
SN 4.55% . ASWFFER 35 95 2 S
FEAMA BT AR, AR B0 43 24 T K Be B 4
Bk

ZEESER T RN SRS LR LY
1234 BRHNEE, R 51137 )8, HApEREE
FTRRSETETT, B S 40%, Hk 2
W 32%, W 19%, UFF@T &
7%, HAFH ] (Fusobacteriota) i 2%, A#F5%
A B g 3 rh 43 B A5 2 B8 A B AT R AR TE TR T
(71.00%) . JEREBET1(27.39%) Rk 11 1(1.61%).
SR, AR 2 AR R, SRR, &
FEFRL . 5% 5 5 R (Streptomycetaceae) £l /)N F
1 7 #(Micromonospor aceae) F 41 T , i S 1E
BRI R B sl A, AR,
LUV 55 0% B R B S 43l 3 g i 69 BRI
71 BREANEE , HAPTEF T, 50 HROVERER T,
11 MENASTERTT, 6 #RMIRZR AT, 2 BV
T FEMEERE R, 47 PROIERERTT, 19 RN
], 5 MRAZBIEEET]. A5ty 8is
F| 884 PRASTE TR TANEA , 341 MRJEREEDE 40 PE
F1 20 PRECZETAT TH B - R RS 54 TWIAEARAS
TOBRERRA 32 BB, 31X AT B T 3000 5 Hh 4
BTEL T AR DI IR R 22— R, A
dn O PRAE T DL R G R 3 0 AR TE FH A AT BRI AT
BRI P AN,

55K Y I T8 PR AR DL 48 55 45 R DD R AR
LR W 5 7 S 2H R AR ) T 00 A B M 1 A
P r B Fe Pk o AR S I Wy 35 95 5L
IR AR R BRI T U s R, @

o

Ao T B NN AN [) ) 8 PR 88 A 6 O RS i A
Wy ABEFEUE T AR AV BB B
BRI RS I 1B A AT o B, AR B AT
AR b SR B SIS DD B X R B
SR RESE T A AR A AR e R I A
AHARERY R EZ, 2B THFE
FEmIRAS , ol B IR o LU GE A AR R HR ELX
HARBTRE SR AW, E AT BE2 IR L6 A2
TOH R B A ) M BUEYI AL T 5 E
FEMGERE, WERFE R R E BRI r s, 2
ANHE R CTEA A, TR E IR R AR AR Al T
iR A KRB R AT 1E N TR B 3R 35
B, 3 AMNREBSE I 3 FORFEMELL: 7E
RS FR AT, SRR E RN
HER; TERE IR, IRLE A B R A AR TR 2
RAEERIE; AR ERWENSEMET, &TH
R JEE B A X v B SR IR PLRE I A 2, 3L
TCHEEA X 3 BlANRE TR JE I G IR FEAE I
A EBAFAERR 25, RN B TR
JET, BLOXf B IR 2ORAFIR IV A REA A,

AR T P S 0 £y B 7 R BB B
I, e R IR R R A AR _E IR s
VAT DL R JRUR RS i 1 TN A5 R E SR
FRAE 501, MRS E 2 A w A,
TR M 18 A E SR A AN, A
WFFERIA T 3 Pl HE A ok B Al AL R B8 i 1
e . ABFEPE L] 0.22 pm i S8 &R X
B By AT E, 1R T AR R EE
JEE 20T AR B o A 2 S ) A R I
Fr e ab B, Ao Eg ok B A AE AR A
T2, ABFEPRMT 0.22 pnm i ug48 0 3¢
i EIE WA T g, RRRTEA RS T T,
EAME IR R A, X A RESE RO 264
T 1 S o (A5 X S 2 1R R] LA AT A B
PORER IR R AR, R B IR R
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AP T 62 BRIETEHTH , Hh 4
SRS IR AT RN 33 KRANE, BT 94
TR BSINSRE g BR300 B A5 21 28 7
G, T 15 DTN B N 5 3R 0k
SrEAREIN 1 BRI, R T 1 DN IETERTRR
Goodman S5 3 U N2 1 35 WOk 14 i 43 2
WEAEY Z AR, 2508 B3 b AT Re & A S Lk g
P LA E IR R, B X S SR R T4
FEOX AR I AR [ 0.22 um TCHEIE
U8 VR, d i T rp DA Y O B R
BARTE T B B, IS NS b iE s AR g 22
THRARE SR, R TE S B B A AL |,
FEIEAIG SR EE 2N 6 Flr, X RUIUSINZEME |3
VBCRT AR (R B TR A 2 A TSI PR B R AN
FRE] 1 ARIESAER I, 4R RE S i T E R AT LR
B B, B B AT DR S i R
15T 55 DR /B RK 8 T8 S B WO
AR RNEdmRXEE, SEEAR
A, mTRRREEHROH, BAERHEY
WAL FR) /NI DT A 0 8 00 T RS 8 T ) 4
i b, HOR RO R R R

HeAb , AFFE AL B 155 96 iz BRTE & 4N
Wo MEREEWE TR, 2 Yurht sk
MZ—o B ek bk C g T &K
2y dh v, A ER A 5 A T AR BB A T
(Bifidobacterium) & B4, il 4 il i A 45
il 7,

ARHEFE A E] 96 BRIz Bk JE 40 5 T 4y
N9 AFR, Hdf 5 AR 82 HRAN A BdiE B
A#4ER]. Avram-Hananel P45 H
Ay 5153 B it X % R 1 (Enterococcus durans), &
AT DAAE g U 7E B 40 58 TR b 5 XT3 i BR TR
(Enterococcus faecalis), A 5 i# i (A /MAL:
RIAT LU 6097 0 B B S ™Y R

BR 4 (Enterococcus  faeci um) B8 A il 5 fi A= 25 1l
FJa, AL 3h ) 652 K #F I (Escherichia
coli). ¥>I] G (Salmonel la) FlR B B 445 /)
9 W 3K T X 7 AR G MR TR T RE T I, X 4
5 {0,7] %4 BK 1 (Staphyl ococcus aureus) & K 7T
WHEHA -k IR mERE
(Enterococcus lactis) AJ 4111 i 2 5 & R M 42 1H
(Clostridioides difficile)Fl 5z 14 A= 2= 57 45 QA
(Listeria monocytogenes) iy 4= £ 1501, ik 8L 25 A= 7
AMLRET T B R )y, BRI B
BELECT . R A E M . IEHMEE. B
T4 A= F2 55 AT LU 003 i i 1 Hh B ks
2 15 32 T A o S ) TR i RO RR AR TR
RETE T 40 rh ¥5 5 K (AN R (IL-12),
il e Bk 1 (Ig EYRY ™A, A &30t By 1k i U
WY DRt R AR TR R 2, TR a5 T MR
RO REALERARI, SR, X EERR AR T AE 25
i EAAE I PLS H AT A I8, 085 B
— L.

4 ik

AHFFE N TIRSR R RGBT 2 rpr, JEsy
BASF 1245 FRANEE, M3 34N 22 1NE 82 Fl,
it FH 22 855 57 56 X060 2 B8 38 S W0 iR A T 4
B b S s R A R AT BE SR AN N AR ) 24
PEo BHRAS IR, RO E N AT 55 SR 4 TE
TAEE, B 96 IBEREBIIAME, A 82 t
M EA A, HarESBn 6.59%; A
62 MRMIETER A, 0 B EE 4.98%. A
N 5 BA AR R 8 A W O TR A I B E T R AT
PR, WoE IR R R T+ E A
) TR U

B
AT P o A B L 50 1 9 X 7 2
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