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B, KA. ARE E BRI LA, B AHGRIEN T AT, SRR A At 2
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Identification and biological characterization of a lactic acid
bacterial strain isolated from the gut of Bombyx mori

LI Simiao!, CHEN Fangmin!?, FANG Li!, JI Xinqi', XIA Wanting'?, SHI Mengxiong’,
LI Jiaxuan!, WANG Xindi!

1 Liaoning Key Laboratory of Urban Integrated Pest Management and Ecological Security, College of Life
Science and Bioengineering, Shenyang University, Shenyang 110044, Liaoning, China

2 Key Laboratory of Eco-restoration of Regional Contaminated Environment of Ministry of Education, Shenyang
University, Shenyang 110044, Liaoning, China

Abstract: [Background] Lactic acid bacteria as probiotics can be developed as microecological
preparations for animals. The lactic acid bacteria in the gut of Bombyx mori, a model insect of
Lepidoptera, remain to be studied. [Objective] To isolate the lactic acid bacteria with good
biological properties from the gut of B. mori for developing microecological preparations.
[Methods] The lactic acid bacteria isolated from the gut of B. mori were screened based on
morphological, physiological, and biochemical characteristics and identified by 16S rRNA gene
sequencing. The safety of the strain screened out was evaluated by the hemolysis test, and the
growth characteristics and acid production of the strain were determined by growth curve and
acid production curve. The stress tolerance of the strain was determined by temperature and pH
sensitivity tests. The adhesion of the strain was evaluated based on self-aggregation,
hydrophobicity, and coagglutination with pathogens. Furthermore, the drug resistance of the
strain was examined by the drug sensitivity test, and the drug resistance genes carried by the
strain were detected. [Results] Among the 56 strains isolated, one strain A2 was screened out
and identified as Enterococcus farcalis. The strain did not present hemolysis, experienced rapid
growth and acid production 3-9 h after inoculation. It could survive at a high temperature of
80 °C. The survival rate of the strain decreased in the case of below pH 4.0 and was over 78% at
pH 10.0, which indicated that the strain had strong alkaline tolerance. The strain demonstrated
strong adhesion, with the self-aggregation of 18%, the hydrophobicity of 70%, and the
coagglutination of 32%, 34%, and 40% with Escherichia coli, Salmonella, and Staphylococcus
aureus, respectively. It was resistant to ampicillin, erythromycin, and vancomycin, moderately
sensitive to gentamicin, and sensitive to sulfafurazole, chloramphenicol, tetracycline, and
ofloxacin. The strain carried five drug resistance genes conferring resistance to four categories
of antibiotics: B-lactam (blas4v and blarem), chloramphenicol (cat), aminoglycosides (aph(3')-l1a),
and tetracycline (tetE). [Conclusion] The lactic acid bacterial strain isolated from the gut of B. mori
was safe, thermostable, and alkali-tolerant and it had strong adhesion. Therefore, it served as a
candidate strain for the subsequent development of microbial fermented feed and microecological
preparations for silkworm. This study provided a scientific basis and high-quality resources for
the development and utilization of gut probiotics.

Keywords: Bombyx mori; lactic acid bacteria; biological characteristics; drug resistance gene
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B

ZK 4z (Bombyx mori) & 3 H 7 i Bk 5 7 ik
JRER, HpEREEE ", KB
VAN RERE LT e R . ARINE . RIEFITER
PEHER A TH A KB, T L RERE KA e R
PeEfags, IRARIRE AR (BTERE IR
AT TR B R IE YR | i
YIS 25— RN, PEfEE R BRI
JEA A fE D, FLBR F (lactic acid bacteria) K H:
HAZH5WICEFYIL . BeE B ImERGG . (e
YA IHsIER R R A S ERE .
R . 2 50N A% 2R R,
RE A48 T AE B FHASCRAER 2356 A ™ A=
o, CAE NSRRI Z T &E & 57
H1, Hayakawa SFUMGZLRR BRI 2508, R ILILIE
R AA KBRS A T dE S, Zhang ZEORHESY
J B W PL R AT AT A4 v PRV 1) A R M RE R A
REITE . BRI E RS A 5 A TN ERG B 29
FF 18 (Bacillus subtilis)RERS e R &K . SR
1M, AN P FLER TR R R A8 TR G TRHE
o AT B FE NG 1 18 1A i A R
RAT . PrsPERBERH R ZLRRTE , NI REY)
R TRERRI R R Bl i A 25 R B RO BT B A B

1S

1.1 #m
KON e g MK iE s iy 56 4
WK, e 5T S K W T 1A (Escherichia coli)
CMCC(B)44102 , 43w {5 %) 2K 1 (Staphyl ococcus
aureus) CMCC(B)26003 , 7| K (Salmonella)
CMCC(B)50115 Fil4 4 i 5. ift 77 (Pseudomonas
aeruginosa) CMCC(B)10104, 4T I ¥ &%
BHEATFRA A S
1.2 EFEMEERF . X8
FLER AN B SR FL(MRS), WA H AR
/N T (ol s A1 o =R 1 SR A Iy =

RO A MRAR . B YR &, L gk
TR ABRA A ; 41# DNA $2506AF &, Jbat
A E BB A YHEARA RTAE A A AR 2
R, UM AE YA BR A A . KA, bt
AN—ALER s BER AR, Bio-Rad A H]; 24
SRR, FIERMUERGERA R A H] .
1.3 FEREMEE

TS 22 RO o gk . MR I TP
FOL SR 1 TR UK X 8 VU~ Rl S LR R B S B
M S RHAE . A b S . X dk E AT I Ak
A5 . BRI . BRI
W2 . FAANTE DNA HEBGK 7 & HE I bk
DNA, {4 16S rRNA FEKE 5[4 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")Hl 1492R
(5-TACGGCTACCTTGTTACGACTT-3")#4T PCR
P48, PCR WK ZBO pl): 2xTaq Plus Master
Mix 15 uL,27F (10 pmol/L) 1 uL, 1492R (10 pmol/L)
1 uL, DNA 4% 1 pL, ddH,O %k 30 uL., PCR
WA 95°C 3min; 95°C30s, 55°C40s,
72°C 40s, 35 ™MEH; 72 °C 5 min; 4 °CHRATS
P12 1Yo Bh N WG I L KR I, Sty B —
HEBEH 1500 bp Z£47 RS TAY T
() B A FRA /LY . 3457751 5 NCBI
s 1 b O A B 3 90 AT R E X 43 AT
AEARLEE>95% ) 4 5 Sy [m]— > J& , AHABLEE>99%,
WS 5 Ry i) —ASFp U2 MEGA 11 ) Clustal W
XA, ARKMREWERGEKER, &
SEUFE 1000 YRI5 H FE{E (Bootstrap) .
1.4 BFIAE

W B TR IR ODe0o=0.5 M T AR, #F
RV A 2 TE TG LU il B 55 R 3 |, 37 °CHk
7% 24 h, WELE I E BTE BN 0L, A A A4
A1 BRI TR — B 119 R St (5 1T )y o0 5 L
A7 A R A 00 7 2 B TR — A 11432 T Wt R D =y
B VA I ; A JCiA I el = A= W R A i 131
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1.5 BEHREKEHZHNE

W HERXTE R 1% MR RN T J0 I MRS
WAREE R F 37 °C 180 r/min 2514 F 155,
AAF 0, 05, 1, 1.5, 2, 25,3, 4,5, 6,
8. 10, 12, 14, 16, 18, 20, 22. 24 h HfFf,
D7 %K 600 nm Ab W' B {EL(ODgoo {H) , 4
W 3AEE, DIRREE R A PR, DL ODsoo
EAP AR, 2l A K L.
1.6 Bk EREE HIME

¥ 100 pL PR BREFF 200 mL JGTR
MRS WAAEEFRFEH, F 37 °C, 180 r/min 2514
TEFE, AHIF 0, 1,2, 3,4, 5,6, 7., 8,
10, 12, 14, 16, 18, 20, 24 h BoEE, e H
pH{H, HAKE 3 ANEE, DIEEIRETE i
Fr, UL pH ENINARER, il =R .
1.7 REHRMRAE

Fi RS2 SCR[ 14100 7 1% B bl T pk e
TICW R MRS WARE TR, 435)F 20, 30,
40. 50, 60, 70, 80 °C#&fF T 7Kif 15 min, 37 °C
F:9% 24 h J5 N E ODeoo (8, FREHIE 3 1NHEK,
IR HAATE R

FETE 2 (%)= 20 ODeoo {E/XF BEZL ODsoo
X100,
1.8 pH MG

¥ MRS WARKE LA 0.1 mol/L #h R
J 0.1 mol/L E AN W pH (E 751N
2.0, 3.0, 40, 50, 6.0, 7.0, 8.0, 9.0, 10.0,
HE TRIFR DL 1% 0 H2 it 40 3 2 A0 21 X 5 i b5
FiHerh, 37 °C. 180 r/min 555 24 h. Il ODsoo
B, BHKE3ANHEE, TR,

FETH (%) =18 20 ODsoo /X BRZ1 ODeoo
{Ex100,
1.9 BE&sHNERE

Fe S SCRR[151M s, BT 5 000xg
240> 10 min 53N EA, (11 PBS Ak 1A I

4% ODeoo M 0.5, WZHL 2 mL 4N H &, 37 °C
B35 2 h, W HC 1 mL FJZ AR E ODeoo fH (A
iEAAR()ITEAREGEETT .

H %A fE11(%)=(1-A1/0.5)x 100 (1)

MEX T HRA RS briEN : A RS
REJITE 16%-35% MINHRAGRETT, 1 36%—50%H
HEEHRARES, 15 50%L R HREREN.
1.10  ER/K8E S E X L6

Fe S SCBR[1510 5 s, KW 5 000%g
200 10 min 375 B3, A PBS 158 3 IRAMA,
A 0.1 mol/L PR 2, 5% ODegoo M 0.5,
B3 mL EEBIA 1 mL —H 2E## 10 min,
P57% 1 min, FFE 30 min, BUKAHNE ODsgoo {H
(A, iz A Q)i Hsi K EE

B 7K BE 71(%)=(1-A2/0.5)x 100 (2)

YT T 5K BE ST BRI AR . B K BE
HTE 20%LL T RAEBK , 78 20%—50% 4 T EE B
K, FE 50%LL A K
1.11  FRIEE AR N E R IE

Y B8 225 SCRR (1S 7 i, B o T IR 4
ODsgoo K 0.5, WAFEREW S K E ., 4w
ORIAERE . YPITIRE S SNRA, EREE,
F 0 A1 18 h B ¥E I %2 ODsoo 1H(As), 18 FHZA
KO IHHHEHEER M

BRI (%)=(0.5-A3)/0.5%100 (3)
1.12 80 iE

FE MRS &K IR EI5IR MGG 1
A, BENVEA, aFR . STk,
AER. KKER. WHE, THEZMEAR
WA 8 P R CE T b, &
HE 3 ANEE, 37 °CHiFE 24 h, WEIFICF
POTE P N, MR R B R /N i 244
1.13 T2 EE &N

S22 3CHk[16-30], FLEEFET 8 HKPiERM
22 P 25 LI, FARS 1 F 8 BNk 1. DAL
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4

=1 22 #iZ5EE PCR 3H¥IFFIER

Table 1 Sequence information of PCR primers for 22 drug resistance genes

Ptk m A Tt 245 5 [ k7]l R R JORE EE P U
Antibiotic type Drug resistance Primer sequence (5'—3") Product Annealing Reference
gene length (bp) temperature (°C)
B- PN BBt e 25 blacTx-m F: TTTGCGATGTGCAGTACCAGTAA 500 54.0 [16]
B-lactam R: CGATATCGTTGGTGGTGCCATA
blas+v F: TGGTTATGCGTTATATTCGCC 800 54.0 [17]
R: GCTTAGCGTTGCCAGTGCT
blarem F: CAGAAACGCTGGTGAAAGTA 719 54.5 [18]
R: ACTCCCCGTCGTGTAGATAA
i e sull F: CATTGCCTGGTTGCTTCAT 238 52.0 [19]
Sulfonamides R: ATCCGACTCGCAGCATTT
sul2 F: CATCATTTTCGGCATCGTC 793 55.0 [19]
R: TCTTGCGGTTTCTTTCAGC
sul3 F: AGATGTGATTGATTTGGGAGC 443 55.0 [19]
R: TAGTTGTTTCTGGATTAGAGCCT
EiE e S catA F: GGATATGAAATTTATCCCTC 486 50.0 [20]
Chloramphenicol R: CAATCATCTACCCTATGAAT
cat F: TTAGGTTATTGGGATAAGTTA 300 48.0 [21]
R: GCATGRTAACCATCACAWAC
AR aph(3)-lla F: TGACTGGGCACAACAGACAA 667 52.0 [19]
Aminoglycosides R: CGGCGATACCGTAAAGCAC
ant(3"-la F: ATCTGGCTATCTTGCTGACA 284 50.0 [22]
R: TATGACGGGCTGATACTGG
ant(6) F: ACTGGCTTAATCAATTTGGG 597 58.0 [22]
R: GCCTTTCCGCCACCTCACCG
UEZS-S tetB F: CTCAGTATTCCAAGCCTTTC 416 52.0 [23]
Tetracyclines R: CTAAGCACTTGTCTCCTGTT
tetE F: GTCATGATGGCACTGGTCAT 1180 52.5 [24]
R: CTCTGCTGTACATCGCTCTT
tetM F: GTTAAATAGTGTTCTTGGAG 657 57.0 [24]
R: CTAAGATATGGCTCTAACAA
e vanA F: CATGAATAGAATAAAAGTTGCAATA 1030 55.0 [25]
Glycopeptides R: CCCCTTTAACGCTAATACGATCAA
vanB F: ATGGGAAGCCGACAGTC 635 53.0 [25]
R: GATTTCGTTCCTCGACC
W T 2 gnrA F: ATTTCTCACGCCAGGATTTG 516 53.0 [26]
Quinolones R: GATCGGCAAAGGTTAGGTCA
gnrB F: ACGATGCCTGGTAGTTGTCC 469 54.0 [26]
R: GATCGTGAAAGCCAGAAAGG
qyrA F: TGTCCGAGATGGCCTGAAGC 525 58.0 [27]
R: CGTTAATCACTTCCGTCAG
KIFNERA ermB F: GAAAAGGTACTCAACCAAATA 639 60.0 [28]
Macrolides R: AGTAACGGTACTTAAATTGTTTAC
MefE F: GGGAGATGAAAAGAAGGAGT 363 60.0 [29]
R: TAAAATGGCACCGAAAG
MefA F: TGGTTCGGTGCTGCTTACTATTGT 553 60.0 [30]

R: CCCCTATCAACATTCCAGA
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MR DNA Rt ,, #47 PCR §73. PCR Jx
MAKZ (25 pL): 2xTaq Plus Master Mix 12.5 pL,
ELURHES (10 pmol/L)#% 1 puL, DNA B4R 1 uL,
ddH,0 %M 25 L PCR W 2514 : 95 °C 10 min;
95°C 30 s, 1B KIRJEMIEER 1 LASIR BERH B2 S0 5
BEE, 40s, 72°C 40's, 35 MEHR; 72 °C 10 min;
4 °C{31f. Hrp cat. aph(3)-lla il tetE JLKH 4
ik 2 A J3E S 6 J i AR IR EE 43 51 52, 53
H1 53 °C,
1.14 S oth

SIS K 43 #7>R JH GraphPad Prism 8 K {4
TR P R NERE T B AR 22 (X £ 9) 0K,
A%, ARABET . BiKEETT . o A L
R UUEH DR (%) Fmn, 2 DL EFEARER
FHEAR R T 22531

2 ZREHM

21 ESHEMEHCEEER
RENIE B 56 DR 2L A2 M58
Rt YL ARG A BN, A 31 BRITEAE
FLRH, daddt— AR s, B bk
A2 JpFLBRTA o JLRTETE A RAE K e (g SR A 1
FiR . A5RERI, Ttk A2 TETESFIE N
BE . Wi, ST, §t R E k.
AR e S R BORFEKE A2 i B AR
5. BRI S5 SO B, B o) A R |
WA Z M, SRR BRI (ER 2).
AR AL S g R, S MK
CHR[31-32], WIZEHIME bR A2 A ERE 8
(Enterococcus) H. >4 L [ (lactic acid bacteria).
22 DTFENFLEEER
Hikk A2 1 16S rRNA KK 4] E 18 5
NCBI S:F%E %, GenBank %554 PP471139,
Fe ol A 45 B OR bR A2 H & ERE
(Enterococcus faecalis)FH LI E] 99.79%. HEF

1 E#RA2 ERFHEA) R EZRERLERB)
Figure 1 Colony morphology (A) and Gram staining
(B) of strain A2.

=2 EMAHEHNELEESER

Table 2  Biochemical identification results of
strain A2

R0 Test 251 Result
i A8 Hydrogen peroxide test -

BH S A iR 5 Gelatin liquefaction test
MEAH Sucrose

% ¥ Glucose

7 2 ¥ Maltose

FATH7AF B Arabinose -

o+ o+

+. PBHME; - B

+: Positive; —: Negative.

FRE A2 FIRmEREE R S A LR = (>95%) ) 7 4~
IR RRAG 16S rRNA LK FEIM B ARG R T
BHE 2), R ER, FR A2 53BERE LS
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X R i, A% b 2% BR B (Enterococcus
faecalis),

Zr BT, DG A i 18 T R O 0 S Y R R
A2 FLIRW , JE5E NI EKTEE 2SI KA
2.3 REMIPMELER

PIRE A2 B9 IMPER I Z5 3 (B 3) B, L
4 500,45 75 3K T (Staphyl ococcus aureus) 14 4%
{2 20 it & (Pseudomonas  aeruginosa) 4 Jii #5 [#

97

R, A2 R, RELHE.
24 EHEKFEMRFRFAMNESSR
HE A2 WA K SR & an &l 4 pr
N, EREWREE A2 57 3 h AEKZE, 4TR
SEHR, PRRRANNE ; 3-9 h AR K, A TSRO
FERREIR; 10-20 h A KB TR, A TFRE
Hre R T ; 20 h 5 PR, &F
BT

95 Enterococcus rotai (NR _108137.1)

97| ' Enterococcus crotali (NR _156980.1)
Enterococcus silesiacus (NR_ 042405.1)

Enterococcus moraviensis (NR _113937.1)

Enterococcus haemoperoxidus (NR _113936.1)

Enterococcus termitis (NR _042406.1)

98

0.005

& 2

ETREFHEARE 16S rRNA EEFFIHENREL EH

A2 (PP471139)

— Enterococcus faecalis (NR _114782.1)

S N %5 A GenBank %5

Ty SO ERBCT R AR, AR ST E R T A3 s AR 0.005 IR 0.5%0 741 43

Figure 2 Phylogenetic tree constructed based on 16S rRNA gene sequence of gut lactic acid bacteria of
Bombyx mori. The serial number in parentheses is the login number in GenBank; The numbers at the branch
points are the self-spread values representing the percentage of the evolutionary tree branch confidence; The

scale 0.005 represents a sequence divergence of 0.5%.

B C
&Q l'w

A B EOEERE; B: MWSRANERE; C. FMERE A2,

A

J/

'#%Df

3 EFR A2 BRI

Figure 3 The hemolytic test of strain A2. A: Staphylococcus aureus;, B: Pseudomonas aeruginosa; C:

Enterococcus faecalis A2.
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25 MEMIKEER
R A2 BOPT PRI g R LA 5. IR SA
AL, L 20°C R XTREZH, 30, 40, 50, 60, 70

20—40 °CHF RIS o B 221k, 3iH
2040 °C A bkl A K . H &l 5B AT,
Pl pH 6.0 AXT A8, pH {E# 2.0, 3.0, 4.0, 5.0,

7.0, 8.0, 9.0 I 10.0 B, BEMRATIEHRD5N
2.62%.3.11%.9.95%.97.70%.97.27%. 90.16% .
90.05%F 78.69%, Ktk A2 7€ pH 10.0 B /715 %
ik 78.69%, HABSRMMIHME . pH HHU
PRI I AR 2 4B 45 R B R TE pH 4.0 1 8.0 B

Fl 80 °CHMT MIAEIEHE 4N 93.52% .
92.45%. 83.46%. 79.75%. 52.33%% 47.55%,
HPE A2 7€ 80 °Crylid 551 MhRefA1s, HA —
SE AT v A o I AR S 6 1) B R R
Praf i o, 50 °CHE BRI A7 16 2 8 25 TR,

1 | 1 l 1 | 1 l 1 | 1 l 1 | 1 l 1 |
10 12 14 16 18 20 22 24

Time (h)

P P RO B R PR PR R 4.0 I I |
10 12 14 16 18 20 22 24 0 2 4 6 8
Time (h)

[
4 6 8

El4 Eik A2 £EKEZER~EZ% A &KL B: Rl
Figure 4 Growth curve and acid production curve of strain A2. A: The growth curve; B: The acid
production curve.

b= L 11 11 11 11 11 11 |
20 3.0 40 50 6.0 7.0 80 9.0 10.0

pH

oL 1 11 11 11 11 11 |
20 30 40 50 60 70 80
Temperature (°C)

5 B A2 HIEMREER A BEBEWEKEZIR; B: pH BUBIEIKIE R .
Figure 5 Resilience test results of strain A2. A: The result of temperature sensitivity experiment; B: The
result of pH sensitivity test. **: P<0.01; ***: P<0.001.
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TEGFRIT IR % R, pH 5.0-7.0 BHEIE R
B @54k, 380 pH 5.0-7.0 N bk fcE pH. 45
A IR pH SUSMESS RT A, Rk A2 HA T
P LT B PR A AR
2.6 FHHMIMEMELSR
GARE A2 BOZE PRI E 45 R i 6 Fos .
HI I 6A ATH, Btk A2 M HRARETIN 18%,
HIRARERETT; BKABTIN 70%, iR b
K HHIE 6B AIAN, HRE A2 5 I g

El6 EikA2HMMENELER A ARG

BE ik RE 45 s B Rl 3L

RMEH 32% . FUTTIRE M SLEER MR 34% .
H&wm oMk LB R 40%, BEER
ST R A2 XRG4 A A Bk
B S R 2 () 25 5 B 3 . BRI, XA
PR B B K I HORE 98 5 i 38 A o it R A
R, HEWE T EENTE T
2.7 HYRAEER

FIFE 8 ZhiAE AU 430 22 TRTAR A2 XF
8 KPR MBURIE, 45 E 7 FR.

BERZER

Figure 6 Adherence test results of A2 strain. A: The result of self-polymerization ability and hydrophobic
ability; B: The result of coaggregation of pathogenic bacteria. *: P<0.05.

B 7 E A2 X 8 EIMEFMAFIXNLER
RER. WHR., THER., AR,

A-H: ZNIIM, R iRk

Mh HER. K

Figure 7 Drug susceptibility test results of strain A2 to eight kinds of antibiotics. A—H: Ampicillin,
erythromycin, sulfisoxazole, chloramphenicol, gentamicin, tetracycline, vancomycin and ofloxacin.
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M pRR A2 X 8 ZEPTA K2 MU B R Pl
ELAR T 3 1 R 52 56 % AR EAL T 58 BT (Clinical
and Laboratory Standards Institude, CLSI) CLSI
M100-S26 AR HEPITG A2 XFA R AE R Y
GRS R (R 3).

ERRBIER A2 XPENVIA . ZLE R
TEERMZ, XMPRRER PR, Xk

F*3 EHKA2 NS EMERAHMFIEER
Table 3

S AR DURR R AR TR AU
2.8 THAERENER

it 24 3 DR A I 25 S SR B, B- PNk A 2
blagiw . blarem . F 8 £ cat. KM
aph(3)-lla FIPUIR KA tetE 6045 5k pH:
HAH AN, PCR 7= i B e W B 1 v vk &1 AL
K 8.

Susceptibility determination results of A2 strain to eight kinds of antibiotics

AR H € bR ifE Judgement criteria (mm) I B E AR Zh
Antibiotic S 1 R Inhibition zone diameter (mm) Result
2R PE K Ampicillin >29 28-29 <28 17.71+0.62 R
#1%5 % Erythromycin >23 14-22 <13 6.99+0.64 R
il i 57 &k Sulfisoxazole >17 13-16 <12 19.43+1.19 S
%47 % Chloramphenicol >18 13-17 <12 19.82+0.51 S
R K E ZE Gentamicin >15 13-14 <12 13.85+0.73 I
PUFfZE Tetracycline >19 15-18 <14 20.03+0.37 S
Ji i H & Vancomycin >17 15-16 <14 12.96+0.60 R
AT R Ofloxacin >16 13-15 <12 18.69+0.80 S
R: Tif2h; 1. "PERUR; S Bk,
R: Resistant; I: Intermediary; S: Susceptible.
Abp M 1 2 3 4 C bp
2000 2000
1 500 1 500
g 9
500 500

250

100

8 EHk A2 THZ5EFE R PCR # B4R

A-E: blarem. blasiv. cat. aph(3)-lla, tetE #J PCR § 14

450, M: DL2000 DNA Marker; 1-3: 3 8% ; 4: [N,
Figure 8 PCR amplification results of drug resistance genes in strain A2. A—E: PCR amplification results of
blatem, blasiy, cat, aph(3')-lla, and tetE. M: DL2000 DNA Marker; 1-3: Three replicates; 4: Negative

control.
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FRE e Z B E LA E R Z —, 3)
Wil ) LR B 98 PRI AR R4S 2 K T Tajabadi 5504
R P W 1 v R LA T (Lactiplantibacillus
plantarum) . & ¥ FL 48 #T & (Lactiplantibacillus
pentosus) Fil & ¥ Zf W FL #T I (Limosilactobacillus
fermentum) 2 LA FLIR A o A9 MK A1l o7 5
W1 MRFLIRE, 4% WIS EKEE (Enterococcus
faecalis), J& T Bk & (Enterococcus). £ 47 i
SERW, IR TE R A AL T N2 S AR )
HAZFMAY R, FF B X A gt i
1) & 2 BT B E IRV ik, kR
wEA B R E

AR E R A2 CEMY:, NEeHE
R, AoXF R @R A, HymRrkfE R
I, BEREFEARIAERY pH {H, Pl HAbA 3L
YA SRR A2 L PEd AR 5 , 78 80 °C
H L S T RRAETE , AT e . A
e fizp 18 R, BT DAIGE T AR T AR RE T
SERFWEE A2 7E pH 10.0 BFAFTE R & A
78.69%, A MHRAHE:, REMETE 5K A& 1 v s 18
AT .

PR O L 1 e R o B R N T
A, DARRIEKRE I AN A SRAERE 1 5 R AT
K, ZRAT SELOVR BRORE R BRI B RAERE ST N
7.76%, Bi/KAE SR 8.38%, AMFST H 2B H
A2 EHBEHETI N 18%, Bi/KAES N 70%, A
RGeS K Kee AL . S L g
R BT IR R R TE E R e, R e
AR RSN, W R R, RGBT
VD ITERTA 4o o (08 20 oK TR A DL 1 D A
SRR MBIETE . MRISERER, Tk A2 XF
EATRILEER JI KT 30%, BEBIREE A2 HAT
— & W R S T .

BEESUA R ORI, A0 AT 2512
FIAATH T Z M, X T 2 A A 24 P A i
L B IE L H 2538 20700 250 0 25
AR E T G, AT LA 32 39 ik Pt A:
2, DNIMRGE b & o g AR e, RS0 A 4
A G BT fe L A\ 2P0 A 2 R 2 g 3k
A2 RO 251, A IR 2R PE AR (B- P Tt i
2). LB R ORI NBEZE)FIJT 8 = (KR A
AMLGPE . SR AE SRR RS I 18 43 2 0 i L
MR v H HE AP AE R AR, B R SRR
PR 7 BR i (Enterococcus faecium) SC-Y 112 Fifif
G VERTIN e LGRS Z N 251k, AP 2
PER AR AT g 5 3P B Fh 2 S A A7 IR 58 45 [
EXEP

AR, FLRRE AT REHH T7E A 2Rk
e A R AR T 250, B0 8 O T T 24
R EIMER RS MR bR Z A RS R
B NI T AR 28 77 A i 52 PR S i e AR
FHRZEGERTE A2 2 T 2 5 A 7E
FEATR PR, BEEL T \ZEPUAE R AL 22 A 24 2
DX LA TR, R BT bR A2 AT 245 28 B R
BRI 4 FOCR: 55 1 MORTR A2 X B-N
o fie 21 118 i 245 3 8 R 5 PR R S L 17 R X6 oz ) O
., AT R T AT 24 R A S B i
2y RAY, BATYTG T LR 2 5 R R A T R IS g
UEMN 25 RAVA BEAfE 5 5F 2 FhOMBERE A2 XK
INERZE . BEARSS A 25 A0, ERAG I 4 AH
I A 2 B R, HEIN AT B8 2 AH 5 1 i 24 2 R id
KRR, BUEFAIMER RS H A X7
MIT 251 55 3 FOMBbE A2 B T EER
K. @IS, UAREM RN, HEA
Mif 25 2R, AIRESE T2 38 R R Rk 56 4 F
TR A2 XS I RS DR AT i 25 3R 5
SRR T 25, R 25 AT LA S
%, WA, R T AR B SR R

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



782 WA

FiE Rk

Microbiol. China

SR AT 5 et — 20 SRS

4

2
AP A 95 1 2 41 T O o O LR

WA JORENE, REAE IR INGE M AL, BAT

E&A

VERETE 2 T il h A A7, AT BOR B RE

TEfE R ES, TLAS IR IEEER , By 1w
VSRR AR S B, AT — R T R T

A RS R Bl T A A A R0 R 1Y A 1
PR KA, R il 4 2R TR R T R A TR R
ARG 5 B
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