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Abstract: [Background] As the resistance of pathogens to antibiotics is enhancing, it is
increasingly important to develop safe and reliable antibiotic alternatives in the animal
husbandry. Probiotics with no toxicity, no residues, and low costs have emerged as potential
solutions, offering effective supplements of beneficial microorganisms in the intestinal tract.
[Objective] To isolate probiotics from the intestine of sheep. [Methods] The intestinal contents
and feces of healthy sheep were cultured and purified with the MRS medium, and the isolates
were then identified by morphological analysis and 16S rRNA gene sequencing. The probiotic
properties of the isolates were assessed, including the antimicrobial activity, acid and bile salt
tolerance, self-aggregation capacity, antibiotic sensitivity, and safety in mice. [Results] Several
strains were isolated from the intestine of healthy sheep, among which Al12 and C1 were
identified as Enterococcus mundtii and E. faecium, respectively. The cell-free supernatants of
isolates A12 and C1 had strong inhibitory activities against Staphylococcus aureus and
Salmonella choleraesuis. The isolates A12 and C1 had good acid and bile salt tolerance and
strong self-aggregation ability and were susceptible to a variety of antibiotics. In addition, the
two isolates did not induce obvious pathological lesions in mice, demonstrating good safety.
[Conclusion] E. mundtii strain A12 and E. faecium strain C1 isolated from the sheep intestine
have excellent probiotic properties and good safety, showcasing the potential to be developed as
probiotics.

Keywords: sheep intestine; isolation and purification; Enterococcus sp.; probiotic properties
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1.4 TH#k 16S rRNA EELE

4N EAEY 27F (5'-AGAGTTTGATC
CTGGCTCAG-3")Hl 1492R (5'-GGTTACCTTGT
TACGACTT-3")X4lifb i) 532 kA T PCR 4731
PCR JZWAAZ (20 pL): 2xSan Tag PCR Mix 10 uL,
DEHEEW 1 uL (HKEZ4 K 1x10° CFU/mL),
27F (10 pmol/L) 1 pL, 1492R (10 pmol/L) 1 pL,
ddH,0 7 pL. PCR i 5+ 94 °C 5 min; 94 °C
10s, 55°C20s, 72°C45s, 35 MEH; 72°C
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N R A BN O R Aa R = S i I U
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Table 1 Primer sequence of antibiotic resistance gene of isolated bacteria

Drug classification Primer name Primer sequence (5'—3") Product length (bp)
Aminoglycosides aph(3")-Iila F: GATGAACAAAGCCCTGAA 320
R: GTCCGTCACATTCCAACCAT
ant(6)-/ F: TAGGATGATGTCGTGGAA 229
R: CTCTGGATAATCAAACCC
aac(6’) F: GTATCACAGGTTGGGAATT 210
R: GGATGGAAGCCACTTTAT
aph(2")-1 F: AAGACTAAATGCAACAAC 128
R: TTCCAGAATCTCCAAAAT
Tetracycline tetA F: AGCAGACGCTGACGCAATC 495
R: TATAGGCCCGCATGACCC
B-lactams TEM F: AGGAAGAGTATGATTCAACA 535
R: CTCGTCGTTTGGTATGGC
Macrolide ermB F: CACTAGGGTTGCTCTTGC 241
R: ACTTTGGCGTGTTTCATT
Vancomycins vanM F: CGGCAGATTCGTTTACCT 339
R: TTATCCGTTCTCGCTCCT

Sampling culture Purification Purified symbiotic bacteria

B bp Marker — 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

2 000

1000
750

500
250

100

1 DBEAITIE(A)S 16S rRNA EF ¥ 1#(B)
Figure 1 Isolation and purification process (A) and 16S rRNA gene amplification (B). Marker: DL2000
DNA Marker.
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16S rRNA LA, WA 1B iR, ¥4 H &
BRI DL, KZ92R 1400-1 500 bp.
22 16S rRNA ERFFISHR ST EHR
A12 F1 C1 F7SH4FAE

B B 16S rRNA JEA ¥4 58 1o
BLAST X}, i€ Bt A 40 125 G AR 1 & 28 1l
(£ 2). WIRVLEEW] WL o> Bk A12 (B 2A) &
Ve EFLIAE, GRS, s R A S BR8] 2B),
LA | RO s R IRHES o A A B TR AR AL2
RGEEBR(E 20), 455K BIREE A12 BFE K
1% Bk 5 (Enterococcus mundtii), 43 25 # bk C1
(B 3ARERALAG, N%EFT, FEREE
LMK 3B), RS O s SRR HES
ARG KREFEWE 30)B/RE C1 NRBERE
(Enterococcus faecium). B4 #4435 1 J& T i Bk
J&, 16S rRNA 74| 2255 % GenBank %X

R2 FRHEHERIBLEGHIUER
Table 2 The statistics of isolation and identification
results of intestinal bacteria in sheep

Strain The most similar strains of the isolates Similarity
code (%)

All  Enterococcus mundtii strain NBRC 100490 99.86
Al12  Enterococcus mundtii strain NBRC 100490 99.72
Al13  Enterococcus mundtii strain NBRC 100490 99.79
Al4  Enterococcus mundtii strain NBRC 100490 99.86
Al15  Enterococcus mundtii strain NBRC 100490 99.72

B2 Enterococcus hirae strain NBRC 3181 99.79
B3 Enterococcus mundtii strain NBRC 100490 98.04
B4 Enterococcus hirae strain NBRC 3181 99.93

C1 Enterococcus faecium strain NBRC 100486 99.65
C2 Enterococcus faecium strain NBRC 100486 99.59
C3 Enterococcus mundtii strain NBRC 100490 99.79
C4 Enterococcus mundtii strain NBRC 100490 99.79
D1 Enterococcus faecium strain DSM 20477  99.86
D2 Enterococcus faecium strain DSM 20477  99.72
D3 Enterococcus faecium strain DSM 20477 ~ 99.79
D4 Enterococcus faecium strain DSM 20477 ~ 99.65

2 SEEK AR BNEERESA). EZRFEB)FET 16S rRNA EEFFIHENRGELER(C)
1557 53R GenBank %3655 73 30 ERBTFRERIZ D S BEETLE . b RSN
Figure 2 The colony morphology (A), Gram staining (B), and the phylogenetic tree based on 16S rRNA gene
sequence (C) of the isolate A12. The serial number in brackets represents the GenBank accession number. The
number on the branch point indicates the confidence of the branch. The ruler represents evolutionary distances.

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



wEL F | FHERRMKEMRBIKEN S BEEREEFEDIF 2553

A B ~ - )
.
B iy
£ 5 Y Fae.
Terp el
" - S _" te
ERE ‘_,.’.‘_:T‘. e
. b
b - A
e ' S gy S
T . = =
-“u,‘ ' r : L
2 e z? -
7 {.f ' -uyimr
— Fiadmsinnn amsin daivicican abunia TORL OTILE AAITIT1298T

3 OBEEHK C1 NEEESA), EZREBB)FET 16S rRNA EEFINWENRZE L ER(C)
&5 7 53K GenBank 555 43 3l EMEFREERIZ D I BEFE; b RS

Figure 3 The colony morphology (A), Gram staining (B), and the phylogenetic tree based on 16S rRNA
gene sequence (C) of the isolate C1. The serial number in brackets represents the GenBank accession number.

The number on the branch point indicates the confidence of the branch. The ruler represents evolutionary
distances.
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Figure 4 Growth curves of isolates A12 (A) and C1 (B).

jve]
[ne]
[y
]

Diameter of inhibition circle (mm)

USA 300

C78-2

25

Diameter of inhibition circle (mm)

USA 300

C78-2

5 E#k A12 (A, B)F1C1(C. D)XV TREMNEREEEKENEEE
Figure 5 The antibacterial activity of isolates A12 (A and B) and Cl (C and D) against Salmonella

choleraesuis and Staphylococcus aureus.
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Figure 6 The antibacterial activity of cell-free supernatants isolated from isolates A12 (A and B) and C1 (C
and D) against Salmonella choleraesuis and Staphylococcus aureus. ***: P<0.001; ****: P<0.000 1.
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2.7 SEE A12 F C1 MERT AR EL 43540 E
Z#ER
2.7.1 THEREE R

Hikk A12 7E pH 2.0 B0 FAVAH 6 H A
FE, 7€ pH 3.0 WA TR AT LAFE , fRHE %R
I3 0.325%H1 65.774%; itk C1 7E pH 2.0 Y

FMFF A TERAAAE, £ pH 3.0 BT
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Figure 7 Determination of antibacterial activity against Saphylococcus aureus in strain A12 (A) and C1 (B)
cell-free supernatants after acid discharge. ***: P<0.001; ****: P<0.000 1.

8 Etk A12 (A5 C1 BITE MRS
Figure 8 Heat resistance results of strain A12 (A) and C1 (B) antibacterial substances. ****: P<0.000 1.

TEEREE R, 70000 0.584%F1 8.918% (£ 3). 45 BRUF, fAIEHEIKT] 100%LL F; Fik C17ER
R, 2 RRIERE T FRAR LA BTS2 8 ). FRWREEN 0. 2% 7RIS 3RiKkF] 67.152%, TEfHER
2.7.2 THRBELLER WIE R 04%BH G RGP PR, (HI A

N 2 AN IR ER AL B, 25 R 30.331% MR R(GE 4). LSRR, Fik
FPE A12 ZERRERVEEE N 0.2%F1 0.4% B AR AL2 IR Bk C1 ARV ARER T 32 68 ) .
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=3 EHA12 F1 C1 IERIKINLER
Table 3 Acid resistance test of the isolates strain
Al2 and C1

xS EHKALRMCl BREENNEER
Table 5 The self-aggregation rate of the isolates
Al12 and C1

Item Strain A12 Strain C1 Item Strain A12 Strain C1

A, (CFU/mL) 5.230x10’ 4.620x107 ODgo

A pH 2.0 (CFU/mL) 0.017x107 0.027x107 A 1.152 1.199

A pH 3.0 (CFU/mL) 3.440x10’ 0.412x10’ A4h 0.809 0.720

Survival rate at pH 2.0 (%) 0.325 0.584 A 6h 0.234 0.042

Survival rate at pH 3.0 (%) 65.774 8.918 A 30h 0.141 0.036
Self-aggregating rate (%)

R4 HEF AL I C1AERIRIEER 4h 29.744 39.967

Table 4 Bile salt tolerance test of the isolates A12 6h 80.476 96.490

and C1 30h 87.799 96.870

Item Strain A12  Strain C1
A, (CFU/mL) 6.91x107  7.55%x10’
A, 0.2% bile salt (CFU/mL) 7.48x107  5.07x107
A, 0.4% bile salt (CFU/mL) 7.00x107  2.29x10’
Survival rate at 0.2% bile salt (%) 108.249 67.152
Survival rate at 0.4% bile salt (%) 101.302 30.331

2.8 BREENMNESER

H SR A RE 702 4 TR R B RE T i — > DGR A
o W3R 5 PR, TR A12 f1 CL 09 A R4ERE
JIBE A B ] Y NG i, 7E 30 h B, BERR
Al12 HEREREST N 87.799%, Htk C1 B RERE
JIh 96.870%. ZEHRFMX 2 bRIABRIE S HA
TRR A HRERE T -
29 FREHRAKMERIEER

=% 6 Fras, Hkk A12 FIl C1 AR BT K
PR B (R B3 NS, A€ 3 h B, A12 %
HH KR 11.69%, W Cl1 FREH KM N
10.287%. 45 R R X 2 HRIGERFA I HA —E W
T HAKHERE T
210 IMERHFBAMER

Pk RSP IR S R L2 7, 2 B bk
A12 il C1 &RV, HER G, JER.
KA L ZEHW R I Eni sk, Xk
WR IR FNLL g R P A m 2, xSt as o fEER

F6 BEH A2 A C1BRKMUNELR
Table 6 The hydrophobicity determination of the
isolates A12 and Cl1

Item Strain A12 Strain C1
ODs00
Ay 1.055 1.010
Alh 1.018 0.951
A2h 0.993 0.934
A3h 0.932 0.907
Hydrophobicity (%)
1h 3.507 5.935
2h 5.877 7.616
3h 11.690 10.287

. ORIER . RKEE . KM, sk
HERWMZG. /B E A2 AR A . Fil
HER. WPER. NSRS
R.WHEVDE . ANV R LBIRER . 2%
ROk TR AR 2 XRWE R . BTk
KA. ZFWE B, 4EE CL X KM
TR, PDRRAE. ZHEER B, AR, #HH
VR RNV RO, RV A R
R Ay, XEZMER. TEER. kM@
T2 SRR, Wk A12 5 CL X PiE
BRI 25, AxR 28tk U,
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Table 7 Determination of antibiotic sensitivity

Antibiotics Specifications Diameter of inhibition zone (mm) Strain

(ng/tablet) S (sensitive) I (intermediary) R (resistant) C78-2 USA300 Al2 Cl
Ampicillin 10 <13 14-16 >16 S R S S
Penicillin G 10 <14 >15 S R S S
Chloramphenicol 30 <12 13-17 >18 S S S S
Minocycline 30 <14 15-18 >19 I S S S
Levofloxacin 5 <13 14-16 >17 S S S S
Cotrimoxazole  23.75 SMZ/1.25 TMP <10 11-15 >12 S S S S
Nitrofurantoin 300 <14 15-16 >16 S S S S
Ofloxacin 5 <12 13-15 >16 S S S I
Medemycin 30 <13 14-17 >18 R S S R
Clarithromycin 15 <16 17-20 >21 R I S I
Vancomycin 30 <14 15-16 >17 R I S R
Spectinomycin 100 <14 15-17 >18 S I R S
Amikacin 30 <14 15-16 >17 S | R S
Polymyxin b 30 <8 9-11 >12 S I R S
Tetracycline 30 <14 15-18 >19 I S I S
Norfloxacin 10 <12 13-16 >17 S S I S
Ciprofloxacin 5 <15 16-20 >21 S S I S
Cefoperazone 75 <15 16-20 >21 S R I I
Ilotycin 15 <13 14-22 >23 I I I I
Cefoxitin 30 <14 15-17 >18 S R I R
Ceftriaxone 30 <13 14-20 >21 S R R R
Streptomycin 10 <11 12-14 >15 S I R R
Kanamycin 30 <13 14-17 >18 S R R R
Gentamycin 10 <12 13-14 >15 S R R R
Oxacillin 1 <10 11-12 >13 R R R R
Clindamycin 2 <14 15-20 >21 R S R R
R: Mf245; I. W S: UK
R: Resistant; I: Intermediary; S: Sensitive.
211 THZEEER LR 212 FHRSMABER

WK 9A IR, 4rEW Al2 54 aph(27)-1
Al TEM i 255K, 1M tetA, vanM, aac(6).
tetM . aph(3')-IIla. erm. ant(6)-7ifif 24 3k [K 14
ARk A 9B Fran, TR CL %4 aac(6)
Mt 25 54, 1 aph(2”)-I. TEM. tetA. vanM,
tetM . aph(3')-Illa, erm, ant(6)-¥ £+ . LU
SRR BT A12 5 C1 AR Z Rt 2
B

238 7d (K 10A)F1 14 d (F 10B)Léi
WEREE R R, S gk 78 v S0 40 5 %) J
FURG fIRE Y R A7, (REIER, ﬂeﬁéﬂﬂjﬁﬂ%ﬁ
i AR AE AR FNFE TS O o % B 28 1)) Bl gk
g, SCBe A1/ RS X B A /N BROAH L R
PG AZ 5 BifiJ LS FLRELE . B L ISR SR,
KRR . RATERR A12 SR C1 X
N eV R AT
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Figure 9 Antibiotic gene detection A12 (A) and C1 (B). M: DL2000 DNA Marker; — Control; 1: tetA;
2: aph(2")-I; 3: vanM; 4: TEM; 5: aac(6’); 6: tetM; 7: aph(3')-Illa; 8: ermB; 9: ant(6)-1.
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Figure 10 Observation results of tissues and organs in mice after 7 days (A) and 14 days (B) of gavage.
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