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R R R A mie ey e ), ARG BmGKEARLEZTOBRER TEBERGZRE.
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Abstract: [Background] The abuse of antibiotics leads to increasingly severe drug resistance,
which poses a growing threat to animal health and the environment. In response to this global
public health threat, many countries have banned the use of antibiotics as food and feed
additives. In this context, probiotics emerge as alternatives. [Objective] To comprehensively
characterize bacteriocin-producing Enterococcus faecium F11.1G. [Methods] Tests were
carried out to examine the thermal stability, acid tolerance, bile salt tolerance, antibiotic
sensitivity, surface hydrophobicity, self-aggregation, and protease resistance of this strain.
[Results] The fermentation supernatant of E. faecium F11.1G had strong thermal stability and
maintained antibacterial activity at 110 °C, with an optimal growth temperature of 37 °C. The
strain grew well and had the highest survival rate at pH 5.9. As the pH decreased, the growth
was inhibited. However, at pH 1.8, the strain can still grow with a survival rate of 9%. The
strain showed the survival rates of 140.0%, 126.6%, and 96.6% at the bile salt concentrations of
0.10%, 0.15%, and 0.20%, respectively. The strain was tolerant to 16 antibiotics: cefepime,
amikacin, gentamicin, norfloxacin, erythromycin, roxithromycin, polymyxin B, lincomycin,
streptomycin, neomycin, metronidazole, clindamycin, nystatin, trimethoprim, azithromycin, and
kanamycin. It was moderately sensitive to ceftazidime, levofloxacin, and ciprofloxacin and
highly sensitive to penicillin, cefazolin, cefuroxime, chloramphenicol, tetracycline, doxycycline,
teicoplanin, clarithromycin and nitrofurantoin. The hydrophobicity of E. faecalis F11.1G to
hexane, xylene, ethyl acetate, and dichloromethane was 84.29%, 25.75%, 31.26%, and 15.08%,
respectively. The self-aggregation rates of E. faecalis F11.1G at the time points of 3, 6, 9, 12,
15, and 18 h were 51%, 54%, 76%, 80%, 83%, and 84%, respectively. In the presence of
protease K, the inhibitory effects of the strain against Escherichia coli and Salmonella were
significantly weakened, with the inhibition zone diameters of 13.05 mm and 11.28 mm and the
inhibition rate decreases of 52% and 58%, respectively. In the presence of trypsin and pepsin,
no inhibition zone was formed, which indicated that the strain almost completely lost the
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antibacterial effects. [Conclusion] E. faecium F11.1G demonstrates strong tolerance to high
temperatures, acids, and bile salt, resistance to 16 antibiotics, high hydrophobicity to hexane, and
high self-aggregation. However, it loses its antibacterial activity after treatment with trypsin and
pepsin, which indicates that the antibacterial substance is a protein or peptide. The results
provide basic data for the safe application of probiotics.

Keywords: bacteriocin; Enterococcus faecium F11.1G; biological characteristics; antibiotic

alternatives
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1.1 #&
1.1.1  #&

PR F11.1G H 5025 06 [T BA 43 125 07 18 i 1 5
K (Escherichia coli) F170 T ] i (Salmonella)
F BT 2 ™ A 1 (AT 3 HELOR B0 W 92 0 12 W 5 B
P U S 0 A A 5t i A A 3
1.1.2 EFHFHE

MRS 5575 Bl R0, Jb R A
HEFEARERTUEA T ; LB 53R, pul el
HEPHARAG BR A
1.1.3 FERFMNE

DNA 4 5E R #E B0 &, il g3e s R
FABRA T AR DNA gifbEialHé, k-
EREPHCARR A ; T4 %424, TaKaRa 2\
wl; Taq fiiFl DNA Marker, Jtat e 44 WHAR
AR Bk MERG], RARARHE )
ABRAT R, EAYRHEARAR; 4
JHER(IHPR & E>75%), i sobka: (bR A R
ANl HEAMG 000 Ulg), ZEFEAEVRHLE
BRN ] BEEE FIBR(250 Ulg), HEEYIRHAR
N EER K (30 mAnsonU/mg), IR E A A
PR A vl . PCRAL, BUIH S H BHARR A Al
HLUKAY, JE B AR UK A R A H]; HF
FEF pH WA, HERREFER| 208 B A
BRA W] A TE IR AR 3 e R 1B IR K A 5
VLI IR FHA R | 5 2240t EE T,
TR A PR A H] s A B =R TR
BDHL, KM OIS A FRA A,

1.2 E# F11.1G N4 E

JH DNA #5521 45 Bt 79 G 4 B 4 o
DNA J5fE MM, KA 16S rRNA JE X i@ 5]
¥ 27F (5'-AGAGTTTGATCCTGGCTCAG-3")FlI
1492R (5-GGYTACCTTGTTACGACTT-3")i# 47
PCR 71, PCR WA % : 10xBuffer 2.5 uL,

dNTP Mixture (25 pmol/L) 2 uL, Taq fif(5 U/uL)
0.8 uL, DNA #i#z(10 ng/uL)2 uL, . T
Y110 pmol/L)4% 1 pL, JoEHEH4EK#MNE 25 ul.
PCR JZ % 451 : 95 °C 4 min; 94 °C 1 min, 50 °C
1 min20s, 72°C90s, 35 E#; 72 °C 8 min;
4 °CIRAF . PCR W45 1%B NS M R I F, TR AG: )
JE iR A TAEY T AR () I A7 BR 2 w1, A
GenBank $4 % op N 2 LI E#RAY 168 rRNA 3
K741, @1 BLAST Xt 40 #r, 3 MEGA 5.0
WHERGEKER
1.3 H#k F11.1G £ B FEFRFH&

¥ 1 g WFE F11.1G #:F0F 100 mL & K#
) MRS WA 35 5LrR, 37 °C. 200 r/min 1535
24 h il A5 R R o R TRV AR T MRS [ 455
FRHE I 37 °CHEFE 24 h, HAGF () PR T VE LR T
30 mL MRS WIREEFEF, 37 CHr &K
14-16 h ZFEHA K, MEIWE N 10° CFU/ML
ARIFR 0 KRR pH A, ARSI
B 10 mL FhF#4%FF 1 000 mL MRS & 5s
FEFE, 37 °C. 200 r/min }i35% 36 h 155 & 8
W, T 4 COKFH TS FFLA 8 000 r/min 5
0 15-20 min, 2% R T 4 B 35 77 56 45 5% B8 e o,
SR LR IEW
1.4 EREFREFE

FE DT P T AR W A T B R 95 2 21 LB
WelkREFR 2L, 37 °C. 200 r/min 555 10-12h,
o6 BE AR R TBE TR BB BE R 14 1x10° CFU/mL,
W A B R i 1) K AT R RV ) P T BT AR VR
BIHERNF LB [ {455 37 FLFn 22 Bl i s 5 5L
37 °ClEEAFRHFF 16 h,
1.5 AREMRE

MR FIL1G B9 & W 35 W T A ) B2
(37.60.80. 100 I 110 °C)/K 4% H i 30 min,
4 °CYMIT BT o VR BE AR BEVA M 48 /R TR T 1Y
BB, BRBENEBIRA T LB K
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R, EHEEATIL, fLA2 R 8 mm, THRAFLF
AR E R E IR F11.1G KB FiS W, Mo
G R 37 *ClEIREFRHA SR 12-16 h,
W& FLIN R B H AR . L 37 °CHFk F11.1G 1Y
e L TE TR A B e AR BT, HA R R
0 100%, LA R0, TR,
TR 2R (Yo )=(iak. 36 21 1 5 P8l L4 /) HE 4 410 1
H4£)x100 (1)
1.6 THERINIE
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4 PNERNHEIERT, ERNHIRRHImAKR
[V B HCL AW, BB #3957 5 I e 3 pH,
43K pH HIFE 1.8, 2.5, 3.0 fil 3.5 X 4 4
BEEE, S5 —HETE MR AR PR, I D T
W) pH A, FF 5 AN TH] pH E B B RCE T 37 °C
TH IR SRR PR RS 7 36 h i, AR 4H &5 W B 100 pL
FEA T 5 4 MRS ARSI, T 37 °ClEEKE
FRAAR B IR ARG SE 36 h, BUH PEFT 4% 2 19 SF A
TG, IR IR Liv 2P0 P F ARG 2K
1.7 THREENIA LS

400 mL FE#R F11.1G T 37 °C.200 t/min
BiF% 10-12 h J5 FHE%EA 4 A8 KBTI
Horp 3 AMEANA 0.10, 0.15 #1 0.20 g B4
£, PO IR RV B A3 5 0.10% . 0.15%F
0.20%M1 MRS WA=, FA—AA A
AR XTRRA, AR 100 pL AR 35T i
MRS $; 783, F41K 3 4 F1T, 37 °CCRIEIRE
Kig% 32-36 h, Ff408 Alameri 25280 )y gkt 8
HARE &,
1.8 #HLAK

S8 K-B KA ¥ HOEP R EEER . Lk
DR S 00t 1 55 0L 28 Fihit 11 24 W kA 1 Ak
N8
1.9 FERKMERIE

%7 Mallappa %P ik K B bE F11.1G

ARG 3R )5 . 8 000 r/min £5.0> 10 min WA 1A,
FH PBS (pH 7.1)%% 2 X, 74 ODgoo A 0.8-0.9,
U3 mL 300 1 mL W3 ZBROEE.
IECBEM @ WL, WAEIRS), 37 CHEE
2 h AT A HUAHAUKA A B, W E e s, BUF
JZAKH, W HAEP A 600 nm Ak A IOBE .

FMHAKET A
i 7K (%) =[(A—A)/Ag]x 100 (2)
Kb ARl A GBI RIS A DL TR AT
Je A I B
1.10 BEBEMRIE

i B8 Polak-Berecka %P7k, ¥ 1 bk
F11.1G & 1LE53%)5, 8 000 r/min &.L> 10 min Y
£, JH PBS (pH 7.0)UE%. ¥ 1A PBS
FREWELA N 10° CFU/mL, % H#H 2K 1
ODggo fE 4 0.50+£0.05, F 37 °CEREME, 43l
F3.6.9, 12, 15, 18h 4 mL ki, W&
P 600 nm &b AR

AR A BRI REA K
A RHE R (%)=(1-A/A)* 100 3)
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Y AN (RIS 8] (% 35 % ODigoo 1HL o
1.11 EREHZHE

B3 4H 10 mL B#kk F11.1G Hbk LB i)
SIS T K. B iR S &
ity , F HCL sl & A AL AIRE & 1 b 35 W R ) i
HEE A K. B AR E & AR pH (7.6
7.6 F 2.0), TE& 5 H S B AYREE(SS . 37 Al
37 °CYKIE 2 h, K& AL pH 5.9 1Y &
AW R IRAL, TR, 4k 3 A
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2 HZRE5OM

2.1 EHRFILIG WL ESER
EikE F1.11G 19 16S rRNA LK ¥ 518 1o
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GenBank %R T 98406 PE#F 1T BLAST Hext,  BRTA F11.1G. FREIBOHIRUE = i 2 A VR FLAT
5 & W Bk 7 (Enterococcus  faecium) AH ML B2 i35 T HY 16S rRNA JEHFA, HI3F MAGE 5.0 14
100%, EKUIZWE THRKEE, wmahkE ERGEKEW, 2R ILKE 1.

1 ETEH FI1.1G 89 16S rRNA EEFIHZNRGLXER 515 NHE K GenBank % 5
T O33R ERYECT N Bootstrap SCRERR; R RUN P81 22 519 43 K
Figure 1 Phylogenetic tree constructed based on 16S rRNA gene sequence of strain F11.1G. The serial

number in parentheses is the GenBank login number of the strain; The number on the branch point represents
Bootstrap support rate; The ruler is the branch length of the sequence difference.
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22 AREMHIEER

d & 2 Bl 1, AE 37 °CRPE#E F1.11G K%
I VE VRO VD Y B AN A B 1 B PR RO
W1, SRR E Ak 24.0 mm A1 24.3 mm,
MAE 110 °CH HAMFE R H424507%28 11.0 mm
102 mm, WK 3 %1, 37 °CHRE F1.11G
KR, MERZEF S, FKFLIIG A
P b 3 ROV 1) EG TR R R I AT AT 1 00 T 23 3 i
AR, 7E 110 °CHHMTRE ZRATE 40% LA |

2 A RIRELEEE F11.1G NiEE
Figure 2 Antibacterial zone of strain F11.1G after
different temperature treatments.

1207 -u-Salmonella
ol = —o- Escherichia coli
< 8of \':::—-___.
"E \t:h—\
g 9 N \
S \\L_
2 40f
=
201
0 L L L L L
37 60 80 100 110

Temperature (°C)

B3 BEHFILIGERRREFHTHNLIDITR
B A0 K B 4T B RO I R

Figure 3 Antibacterial activity of strain F11.1G
against Salmonella and Escherichia coli under
different temperature conditions.

2.3 MHERIRIEEE R

AIA] pH 4cF F#ikk F1.11G i A= K AE LN
TETH RG] 4 M3 1, 24 pH 5.9 1F, itk
ARG LA AR R, WA pH RET,
HoAE Kz #mE, 2Y pH (EFEAE N 1.8 B, Hkk
DT IAER, FEE N 9%,
24 THAEEIKILLEER

PR F1.11G 7EABER MR B 0.10% W) 71 22 5
ik 140.0%, FEAHILHE 0.15%H}, 715 Rk F]
126.6%, TEAHER U 0.20%0 , FET6 %N 96.6%
(K5, % 2).
2.5 ABAEES

AR F11.1G Xt 28 Fiviy Wh i 258 k47
0L, WK 6 U, AN AR K
N TR P B TR B A . R 3 AT,
PPk FLI1G XSkt fis . T e R IR K&
WRIDE ., ABR . PUABER., ZHHE B,

4 E FI11L1G AR pH 4 THEKIFRL
Figure 4 Growth of strain F11.1G under different
pH conditions.

#z 1 pHXMEH F11.1G FEERMNEN

Table 1 The effect of pH value on the survival rate
of strain F11.1G

pH Number of colonies Survival rate (%)

5.9 609 100.0

3.5 321 52.7

3.0 305 50.0

2.5 268 44.0

1.8 54 9.0
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Fz2 AREREREENTEH F11.1G FEZXEF M
Table 2 The effect of different concentrations of bile
salts on the survival rate of strain F11.1G

Concentration of Number of Survival rate
bile salts (%) colonies (%)

0.00 1015 100.0

0.10 1428 140.0

0.15 1285 126.6

0.20 984 96.9

— S Bk R AB AL B A 4K . . ,
S EREILIG Ef ';Wﬂ—lﬂfgﬁ%*;.';& OREE. WRE. SWRE. BET .
lgure TO O Strain . al 111eren .

2 LI 2 5 UG

concentrations of bile salts.

2.6 HiKMIXIELER
MRATEER . R R FrER . B, ks LR AT A L /K M S 45 2L TR TR I 7 /K A 28 Ff
. MEER. PEONIE, MTERMEIEG  THACEYUMBET), Bk Y 2L IR B
R, XRAAME . ZHRPDE . FNYPE ASFEMTHEEBWIEN LA, sz
FREHUR, WE &R ShAMEk, SkAImk HEARFIESAEYRR AP . s 7 ok, &

B 6 Bk F11.1G EARMAAMTHEKER 1. ZHEE B; 2. HATKE; 3. PAKER; 4.
BERT S WM, 6. SKIEMRAK; 7. FEMER; 8: AEE; 9: ZVHHE; 10: HEHYA; 11:
PUMRE; 12K KER; 13: #E&HE; 14: W& ER; 15 TR 16: kA, 17. nkm2zH;
18: RNV E; 19: HHEEK; 20 RIEE; 21: WEHER; 22. HEHEESE; 23 EEX; 24 wii
B 25 SLAUnkE; 260 BrER; 27 KJBMRNE; 28 AHRIDA

Figure 6 Growth of strain F11.1G under different antibiotics. 1: Polymyxin B; 2: Trimethoprim; 3: Roxithromycin;
4: Teicoplanin; 5: Metronidazole; 6: Cefazolin; 7: Clindamycin; 8: Erythromycin; 9: Doxycycline; 10:
Norfloxacin; 11: Tetracycline; 12: Gentamicin; 13: Streptomycin; 14: Lincomycin; 15: Amikacin; 16:
Cefepime; 17: Furadantin; 18: Ciprofloxacin; 19: Penicillin; 20: Kanamycin; 21: Azithromycin; 22: Nystatin; 23:
Chloramphenicol; 24: Clarithromycin; 25: Cefuroxime; 26: Neomycin; 27: Ceftazidime; 28: Levofloxacin.
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®3 EH F11.1G S ARMA SR SRR IEE
Table 3  Sensitivity test results of strain F11.1G to different antibiotics
Drug name Concentration Bacterial ~ Result Drug name Concentration Bacterial Result
(ng/disc) inhibition (pg/disc) inhibition
diameter diameter
(mm) (mm)
Penicillin 10 25 S Tetracycline 30 38 S
Cefazolin 30 34 S Doxycycline 30 38 S
Ceftazidime 30 9 I Streptomycin 10 0 R
Cefuroxime 30 17 S Neomycin 30 0 R
Cefepime 30 0 R Ciprofloxacin 5 6 I
Chloramphenicol 30 28 S Metronidazole 5 0 R
Levofloxacin 5 7 I Clindamycin 2 0 R
Amikacin 30 0 R Nystatin 100 0 R
Gentamicin 10 0 R Teicoplanin 30 21 S
Norfloxacin 10 0 R Trimethoprim 5 0 R
Erythromycin 15 0 R Clarithromycin 15 16 S
Roxithromycin 15 0 R Furadantin 300 28 S
Polymyxin B 30 0 R Azithromycin 15 R
Lincomycin 2 0 R Kanamycin 30 R

R: Resistant; I: Intermediate, S: Sensitive.

Xof =S B (15.08%), BiK A2
27 BRERMHIEER

HEERMEEGAEWZRRELE R, A
FITFAES PR F IR . DA F
W — Rl T . FLER AW A BESERE 1 5 I bRk
Y 2L B RE O SR IEAR DG, R B R A B
EMENA AT HAERE S EE . kK 8w
M, W FLIIGAE 3, 6.9, 12, 15/ 18 h
1) A BER R0 51%. 54% ., 76% . 80% . 83%
1 84%, ULHIZ Mk B BER BRI RILR AT,
2.8 ERAMMIZIAIEER

HE 9 AT, FESTXTREA, Btk F11.1G
MR BE LIS AEE AR K ERT, KB
PRI VD 1] G A A 00 D R0 S B S8 a5, 400 7 Pl L

(=]
(=]
T

Hydrophobicity
NN
]

dinn ¢

Xylene Ethyl acetate Hexane Dichloromethane
Organic solvent

7 EE F11.1G S ARIAHIRA IR H ok &
Figure 7 Hydrophobicity of strain F11.1G towards
different organic reagents.

BB Hernandez-Alcantara 22\ R) A r e, R
BRI F11.1G X1ECRE B K ZE N 84.29%, J&
BB, IEOL T X AR A A B s X
H2K(25.75%) . &R TR (31.26%) , J& H LB K 5

% 13.05 mm F1 11.28 mm (£ 4), MEET
FEWR RS Ry 52%F0 58%., FEEEAR. HEA
il 1 T A 7 A 4 R B B0 B R LT 58 4
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Figure 8 Self-agglutination rate of Enterococcus
faeciumF11.1G at different time.
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Figure 9 The antibacterial effect of strain F11.1G on Escherichia coli and Salmonella under protease action.
1: Fermentation supernatant; 2: Pepsin; 3: Proteinase K; 4: Trypsin.
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Table 4 The diameter of the inhibition zone of
strain F11.1G after protease treatment (mm)

Protease Escherichia coli Salmonella
Proteinase K 13.05+0.78 11.28+0.52

Pepsin 0.00 0.00

Trypsin 0.00 0.00
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