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B E IFRIRAEFTOEAFRAEFMHE T LRBRA MG, A REATIATHESE
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FEMERAFTHFRAOAK, HRBRATAANEE, SR RIEFE G BHRRIE TF L
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BRI P E RIS WAL E R MAE A RERIFRARABARAE FHBRRE > A AL, [4
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Abstract: [Background] The abuse of antibiotics leads to the increase in drug resistance of
common pathogenic bacteria in the intestinal tract of yaks. While probiotics have a promising
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application against drug-resistant bacteria. [Objective] To obtain yak probiotics with
excellent probiotic properties is the purpose. [Methods] Twenty yak fecal samples were
isolated and purified on MRS medium containing 0.5% CaCOs;, and strains with bacterial
inhibitory activity were screened out by the Oxford cup method using Escherichia coli and
Staphylococcus aureus as indicator bacteria. After acid and hydrogen peroxide were
discharged, the bacteriocin-producing strains were screened out by acid and heat resistance
test and protease sensitivity test, and identified by morphology and 16S rRNA sequence
analysis. The probiotic properties were analyzed by in vitro bacteriostatic test against diarrhea
pathogenic such as E. coli and Salmonella spp., measuring self-aggregation ability and
hydrophobicity, tolerance to simulated gastrointestinal juice test, and antibiotic sensitivity
test. [Results] Eleven strains of calcium soluble circles were isolated from 20 yak fecal
samples, six of which had significant inhibitory effects on E. coli and S. aureus. Two strains
of bacteriocin-producing lactic acid bacteria (SC6 and SC9) were obtained by re-screening,
both of which were identified as Enterococcus faecium. The strain SC9 had obvious
bacteriostatic effect on the bacteria of yak diarrhea, with good tolerance and intestinal
adhesion ability in the simulated gastric and intestinal fluid, and it was sensitive to five
commonly used antibiotics. [Conclusion] E. faecium SC9 has certain stress resistance and the
potential as a probiotic.

Keywords: yak; bacteriocin; Enterococcus faecium; isolation and identification; probiotic
properties
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WM FEA IR KRR IE . R AR IR A AR A BR
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1.5 16S rRNA EEFFI45

FABY S 5 R PR 4 R JE R 41 DNA, SRHA
16S rRNA K 514 27F (5-AGAGTTTGA
TCCTGGCTCAG-3")Fl 1492R (5'-GGTTACCT
TGTTACGACTT-3")iff 47 744 3 . PCR Je i {4
Z M 2xT5 Super PCR Mix &7 & 1 BH 5 4
Y. PCR W %14 : 98 °C 5 min; 98 °C 10s,
54°C 15s, 72 °C 2 min, 36 MMEI; 4 °CIH-AF
PCR ™14 7 WITE 1% BB BE I H HLDK 25 min,
R AT E AL R A MR 2 W] S A
1.6 HKHZAINE

W MIERIE] 5 mL MRS N7 5532 5
37 °C. 220 r/min fEIRAKEF7 24 h J5/E RPN o
Fit 3% 4ERI T 100 mL MRS N7 15 55 5
37 °C. 220 r/min 3%, &P 2 h B 1 mL B 50
ODgoo, LA MRS RIVZREEFREE R ZS FIXTRE . 5
24 h, ARIEHIAFEEEL S EE A A K !
1.7 MRS KRR I

Fic AR L . 100 mL 0.2%HAY JC A Ak B R
K 035 ¢ BEAMMBIES, HERKRMA pH
fE R 2.5, FEHIBUA : 100 mL Z&48/KH
A 1.1 g BRER NN 0.2 g AkEN, TP
JE A 1.8 g A-fHER AT 0.1 g R I, RS
Je A B AL s pH [E 2 8.0, ] 0.22 pm
— R U TR A R A AL R RS DU W U A
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TG R R Fh 27 MRV 2 IR, PR EE NI T i
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76 MH B8 VI E#55) 540, B8, ST s
15 min, FOGHEETJBG AT , LN AR AU TR e )
MH BUJS T, 7 FE LU A 5380 4 2 [ R o L L a -
ARG 4 KPS, % 3 AFAT,
24 h e P B P E AR
1.10 R EMHIRE

227 dE MRS, 12 2 SPF RE B/
RUBEHLAY B4, 4l 6 H. XHIRLL/NEUR
REFR, TEHANE iG44SR H O E R
IR K 0.2 mL (10° CFU/mL).
2 %%—55}*}? B2 FEZREBBLEFR10x100)

Figure 2 Gram straining results (10x100).
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21 FHEBEMSBSAUMESENRER
20 e ZEEAE M A B 11 BRI AR
FASE R TR AR (A 1), ATRI2E AWy FLRR T, K
W45 H SCI-SC11, LR Y M, &
T ULEE ] DL R AR R BT BRI, 284S L BT
sl R AR HES (K] 2).
22 FHERIABREHVIFER
il 3 Mk 1R, Wk SCL. SC6. SCT7.
SC9.SC10 FI SC11 HMERE EARH KT 10 mm,
Xof R A R AR 4 v £, 7 2 35K T ) 400 R R ) R

B3 FARRARENABTEQMEEEH
BIKE B EE RN E

E1 FHEBEENEE Figure 3 Determination of antibacterial activity of
Figure 1  Strains that produce calcium-soluble bacteriocin-producing lactic acid against Escherichia
circles. coli (A) and Staphylococcus aureus (B).
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Table 1 Preliminary screening results of bacteriocin 2.3.1 HRBIISEUSRBER
producing lactic acid bacteria TEHERR R Rt AL S TS . 4 6 Mol

Strain ~ Bacillus/ Diameter of inhibition circle (mm)

BRI AT 2 B i A TR P (R 2), D Tk 2 Ty

No. Coccus  Escherichia coli Saphylococcus aureus

SCI  Coccus  11.0 19.8 PRAFE LA BRI 5

SC2  Coccus 182 - 2.3.2 M. MERMHEQIERESER

SC3  Coccus 135 - Em PR, FERET . 2wk
SC4 - Coceus 135 - PTRIE M 394 BT R B . 90 °CALEE 10 min J5, 1A

S€3 - Coceus 176 - Bk SC7 Al SC10 e MV B IEYE, [HEbk SCI .

SCé6 Coccus 10.9 15.2 o . .
SC7 Coceus 1.0 200 SC6. SCY Fil SC11 XF 48/~ WA KT 70%H 4
SC8 Coccus - 14.4 %5&%(% 3), iﬁ%ﬁ 4 ﬁi,&\‘ﬁ%\ﬁg'@ﬁgio
SC9  Coccus  18.6 22.0 M R I 45 R B, A HARTE pH 2.0-6.0
SC10 Coccus  16.0 20.6 LN H A BRI EE, BE pH (B3 KH
3911 Coccus 123 213 BTEMEREE. pH 7.0 B, BBk SC1 A SCI1 4
L HANAE 6.0 mm. AR 8.0 mm, —: JNEFE EH <8 mm, . . e .
SRR E DY, R P 8 B4R <8 mm BN EAE M2 M RAR SC6

Oxford cup inner diameter 6.0 mm, outer diameter 8.0 mm, HI SCO I F FE HA8>10 mm, {3 H-A —E M H B
—: The diameter of the inhibition circle <8 mm, indicating jj(%% 4), :lz%:zﬁﬂﬁ ) 1%5,‘]*1;']%5\%&@2@%

that the strain does not inhibit bacterial activity!'”. The same

below. ﬁ:Tiﬁf*%fE °

x2 HRANBRMIEALSLE
Table 2 A testing of excluding the effects of organic acids and hydrogen peroxide

Indicator bacteria Screening conditions Diameter of inhibition circle (mm)
SCl1 SC6 SC7 SC9 SC10 SC11
Escherichia coli Organic acid 11.0 12.6 10.3 11.1 12.4 12.4
Hydrogen peroxide
Staphylococcus aureus  Organic acid 10.7 13.2 12.0 11.0 14.3 13.1
Hydrogen peroxide

x3 EWHRARELFEAMARZESERR

Table 3 Thermal stability test of strain fermentation supernatant

Indicator bacteria Temperature (°C)  Diameter of inhibition circle (mm)
SC1 SC6 SC7 SC9 SC10 SC11
Escherichia coli 60 14.0 16.1 13.0 17.3 13.1 14.0
80 12.2 13.0 10.5 14.7 10.0 13.2
90 10.9 12.0 - 12.5 - 12.0
Staphylococcus 60 15.2 16.1 13.3 15.0 13.8 15.4
aureus 80 13.1 15.6 10.0 14.1 10.2 14.0
90 10.8 12.2 - 12.0 - 11.0
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x4 BENRAELFRMERIEEMRE
Table 4 Acid stability test of strain fermentation
supernatant

*6 HMEHRMIETRENERED
Table 6 Bacteriostatic ability of bacteriocin against
indicator bacteria

Indicator pH Diameter of inhibition circle (mm)
bacteria SC1 SC6 SC9  SCll
Escherichia 2.0 27.0 292 281 310
coli 3.0 182 243 234 272

4.0 17.1 20.0 16.0 17.4
5.0 14.6 15.5 14.1 13.5

6.0 9.5 12.5 11.5 12.4
7.0 - 11.8 11.1 11.0
Staphylococcus 2.0  33.2 39.1 37.2 30.6
aureus 3.0 21.8 30.0 31.2 26.8

4.0 18.3 26.3 30.1 22.0
5.0 15.5 23.6 20.6 15.3
6.0 10.3 13.0 12.0 9.4
7.0 - 10.0 11.2 -

S3oM ISR I . A R AR 1 K Ak
FETE FE SC6 M1 SCO My EiE WA , BRI E BE
NG, HZek R 5). hTHER TR
A E A ST, AT RUER, Fkk SCo6 i
SCY }i 5% B W M B i i R L 2R i
233 XMEEFEEMEMERLER

3 3k T T e D T A A 0 A I 5 T LR
., TR SC6 1 SC9 MR B HA%>14 mm
(F 6), FIIIX 2 PREXT 10 BRE WAEFIFE TS
7 D R LA B B RE D o

x5 BEHIERLBRGEEREERXE
Table 5 Protease stability test of strain fermentation
supernatant

Indicator Conditions  Diameter of inhibition
bacteria circle (mm)
SC6 SC9

Escherichia Trypsin 11.0 13.4
coli Pepsin - -

Proteinase K — -
Staphylococcus Trypsin 11.2 12.6
aureus

Pepsin - -

Proteinase K — -

Indicator bacteria Diameter of inhibition

circle (mm)

SCé6 SC9
E. coli SWUN1435 18 23
Enterotoxigenic E. coli SWUN6794 21 20
Hemolytic E. coli SWUN4580 20 16
Hemolytic E. coli SWUN4566 19 17
Hemolytic E. coli SWUN4569 21 19
Salmonella blegdam SWUN3825 14 16
Salmonella SWUN3733 19 23
Salmonella SWUN3710 31 31
Salmonella SWUN3712 24 22
Staphylococcus aureus SWUN4509 20 21

2.4 16S rRNA EEFFIHMER

Fitk SC6 1 SCY ) PCR 4" 14 7= 1y 45 1ok ik
JE HL kR, g5 UL 4, BRE S 1E
1 000-2 000 bp Z [\, #°k 1500 bp, #f PCR j*
YN I8 585 BLAST Hoxf, W RSEA
HWE 5). SR EIE P SC6 F1 SCO 5 R Ek
i (Enterococcus faecium)sE4 % Rl . 454E
AR YE, HERFR SC6 Al SC9 M PR AZEKIA .

bp M SC6 SC9 N

2 000
1 000

500

250
100

4 16S rRNA EFE 184K  M:DL2000 DNA
Marker; SC6. SC9: HFnEtk; N: BHM:XFE

Figure 4 Results of 16S rRNA gene amplification.
M: DL2000 DNA Marker; SC6, SC9: Target strains;
N: Negative control.
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91| Enterococcus sp. strain Y3-N-3 (OK272453.1)

100 | Enterococcus faeciu

100

76

SC6 (OP805933)

SC9 (OP805937)

—t

0.5

5 WKRIAIKEET 16S rRNA EEFIHNEMRASZ A B H

T 3 BRI 5> 3 bootstrap H

m strain CCEF22 (OK037496.1)

Enterococcus faecium strain 1698 (MT597570.1)
Enterococcus faecium strain NLNRC GA33 (MW856005.1)
Enterococcus faecium strain hasL.8 (OM986910.1)

Enterococcus sp. strain Y3-G-11 (OK326653.1)

Enterococcus faecium strain 339 (MT573044.1)
100 \Entemcaccas sp. strain TG-F-105 (OK272130.1)

55— L3R GenBank % 5%
PR RGN BRI S

Figure 5 Phylogenetic tree of two strains of Enterococcus faecium based on 16S rRNA gene sequence. The
serial number in brackets represents the GenBank accession number. The number on the branch point
indicates the bootstrap value of the branch. The ruler represents evolutionary distances.
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PEIRFNZE PR 5 10 h 22 )5 S0 W R
B, HETHEC SRR T BOREORM, AT S B
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081
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021
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6 E#k SC6 #1 SCY By K ik
Figure 6 The growth curves of strains SC6 and SC9.
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2.6 THERIEBRBRRAKLER

PIRE SC6 Fl SC9 TEALIL B W 3 h 44 11
TG00 30.20%F1 31.29% (K 7), TERLE
W 4 h AT ARG 500 41.00%F1 47.06%
(E 8). HIMtrI UL, 2 BRERMAER W # A R AT 1Y)
i 37 ' W W B RE 1, AT AE B Wil &5 25 AR

5 Oh
i) m3h
£ "
= a4l 131.29 _
= g
= =
S 3t g
Rl =
7] -
g2} £
= =
5 130.20 «»
2 1r
e}
=
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7 BEHEERBR3Ih ZEETERBMEEER
Figure 7 The viable counts and survival rates of
strains after 3 h in the simulated gastric fluid.
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4t A 147.06
3.

Viable counts (x107 CFU/mL)
Survival rate (%)

2t ::
141.00 »

] L

4 SCé SC9

8 FHERILZR4h FEHTERRGEEE
Figure 8 The viable counts and survival rates of
strains after 4 h in the simulated intestinal fluid.

27 BRESEAFFEKERNESER

B K SR AE e AR R LR A A B g
B EHEIR 2, Hfk SCo6 Fil SCO i B RER/E 147
BN 66.17%F1 52.38%, BHi/KITEHH 21.62%
30.29% (R 7), R 2 thIRGERE I HA
— [ % e

x71 EMRBREEIMBKENESR

2.8 MEZEHEMKIEER

oA RAURME R ES R BoR, RIBERE
SC6 Hl SCO XFEAKITIT . KR . Z RV,
TAE T FIIR KB R AURGR 8), AnTHEICfE
29 HYIREHREER

Xof BECZH A S B0 21 /N B8 oA HH B VS AN BT
SEREAR o FHIAS RS 2 PN R L B S AR (1 9).

3 WREER

LELTEASFKE M 16S rRNA FEK 75140
ATLLHIE SC6 1 SCO ¥ A BRIAERTA . MR HEIN T
TS 4, Hifk SC1. SC6. SC7. SC9. SC10
FSC11 HAT AR IM B RE 1 7] RE -5 B ARt
A ARTR R SR A 5o TEHEBR BRI R A A=
KA A = AR IR A E AL A FE TR R
J5, TR EISWARKIH EA BRI ETE T, X —
SRR LT SRR B SR A ST 4 SRR

Table 7 Results of self-aggregation ability and hydrophobicity determination

Strain No. Absorbance (ODg) Self-aggregation ability (%) Hydrophobicity (%)
A A A

SCé6 0.712 2.105 1.650 66.17 21.62

SC9 0.720 1.512 1.650 52.38 30.29

x8 PMAERYRABER
Table 8 Results of antibiotic susceptibility test

Antibiotics Specifications Diameter of inhibition circle (mm)
(ng/tablet) R I S E.coli S aureus  SC6 SC9

Augmentin 10 <16 >17 33(S) 30(S) 33(S) 33(S)
Minocycline 30 <14 15-18 >19 20(S) 41(S) 23(S) 23(S)
Tetracycline 30 <14 15-18 >19 13(R) 23(S) 17(1) 16(1)
Ampicillin 10 <16 >17 30(S) 38(S) 20(S) 25(S)
Florfenicol 30 <12 13-17 >18 23(S) 23(S) 29(S) 23(S)
Ciprofloxacin 5 <15 16-20 >21 19(1) 25(S) 11(R) 18(1)
Gentamicin 10 <12 13-14 >15 13(1) 23(S) 16(S) 15(S)

R: M2y; 1. Hshs S UK

R: Resistant; I: Intermediary; S: Sensitive.
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Figure 9 Autopsy of control (A) and experimental mice (B).
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