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Antimicrobial Resistance Analysis of
5 Lactic Acid Bacteria Isolated from Fermented Foods

HUANG Xiao-tang, YAO Niu-niu,ZHOU Xuan, GUO Run-fang, YU Hong-wei

(College of Food Science and Technology , Agricultural University of Hebei, Baoding 071000, China)

Abstract ; Lactobacillus plantarum S isolated from mixed fruit and vegetable juice, L.plantarum WD isolated from raspberry

enzyme, L.bulgaricus LB-DR,, L.rhamnosus Lr-05-281 and L.casei D-400 isolated from different dairy products were used as

research objects.The antimicrobial resistance of strains were analyzed by phenotypic, genotype and gene expression using plate

susceptibility paper diffusion method,PCR and RT-PCR.The results showed that 5 strains were resistant to aminoglycosides,

quinolones, glycopeptide antibiotics, polymyxin B, and sensitive to macrolides, tetracyclines, sulfonamides, and nitrofurantoin.

They had similar drug resistance spectrum and different sensitivities to different 8- lactam antibiotics.5 strains contained

plasmids. Among the 12 resistance genes tested, four resistance genes of erm,aph,van 1 and aac 1 were detected on the

plasmid, and six resistant genes of aph,erm,van 1 ,bla Il ,aac 1 and aac Il were detected on the genomic DNA.Some of the

resistance genes were expressed in MRS and MRS cultured with antibiotics, and the resistance genes that were not expressed

were still not expressed under the conditions induced by the corresponding antibiotic. The plasmid of L.plantarum WD strain

contained only one kind of van [ resistance gene,so its application safety was better.
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Table 1  Primer sequences of the resistance gene and conditions
PobE A BIYFF)(5'-3") B GEEE(C) HE B (bp) &% 30K
aph aph-F ; GKATGTGCTTGTTCAACGAT 54 406,350 -
aph-R ; TTGCTTCGACGTCGCCAT

ant(6) ant(6)-F.CCWTTYTGTTTCAGGATTTTAG 54 402 -

ant(6) -R:GCAGAGGTAACGAAAGCAA

aac | aac [-F:GCGTTTCAAATCCTCATCAA 56 485 -

aac [-R: ATTACCCCGCGGCTGTTGT

aac Il aac I-F : GCCAKGCTGCTWTTACCAT 56 702 -

aac [I-R: TTGACCGGGGATGAGCTTAA
tet tet—F : CTGAACAATGGGATACRGTAAT 54 589 -
tet—-R : GTAGAAGSGGATCACTATC

van | van [-F: ACGCCATGTTCAGGTAGAT 54 252 -

van [-R:GAGCACCGTCAACAATTT

van [l van [[-F: GGGAAGTTTAACGATGATTTC 52 657 -

van I-R : ATCACCAACTCAATTTAGC
erm erm—F.GCTAAGCATAATACCGAAACT 52 853 -
erm—R:GCATCTTCACGGGTACTATA
bla 1 bla [-F: TGKCGAGATAGGAAGTGTGC 56 526 -
bla I-R:ACTGTCGGCGAAGGTAAGTTG
bla Tl bla I-F : GAGTACTCACCAGTCACAGAAAAGC 58 490 [21]
bla I-R : GACTTCCCGTCGTGTAGATAAC
sul sul I-F.CCTGTTTCGTCCGACACAGA 57 435 [22]
sul T-R:GAAGCGCAGCCGCAATTCAT
qnr qnr T-F; ATGACGCCATTACTGTATAA 50 562 [23]
gnr 1-R: GATCGCAATGTGTGAAGTTT
#2 5 RO L
Table 2  Antibiotic resistance results of 5 strains
T T——————

BUERAR ARG —— ORIy g
frr ok 2 30 <l4 15~16 =17 R R R R R
KIREE 30 <12 13~14 =15 R R R R R
k&% 10 <12 13~14 =15 R R R R R

B 10 <11 12~14 =15 R R R R I
TR 2 10 <12 13~16 =17 R R R R |
FORTD 2 5 <13 14~16 =17 R R I R R
TEID 2 5 <12 13~16 =17 R I I I R
WRUY A 5 <15 16~20 =21 R R R R R
ThEE 30 <l4 15~16 =17 R R R R R

AHER 15 <I3 14~22 =23 I S S S S

DY 30 <14 15~18 =19 I S S S S
Lk 30 <14 15~17 =18 R S S S S
S 7t s bk 30 <14 - =15 S S S S S
S famEmy 30 <14 15~17 =18 S S S S S
SRS 30 <22 23~25 =26 R S R S I
S A 30 <13 14~20 =21 I S I S S
L 760 Al g 30 <14 15~17 =18 R S R S R
AL 10 <28 - =29 R S S S S
SEVI A 10 <16 18~24 =25 S S S S S
FEMR PG K 1 <17 - =25 R I I R R
HEZG 10 <28 - =29 R R R R I

S 30 <15 16~21 =22 R R R R R

=i | 23.75 <10 11~15 =16 S S S S S
RUERZA PN 300 <14 15~16 =17 S S S S S

HEE 30 <12 13~17 =18 R S S S S

LZKHE B 30 <11 12~14 =15 R R R R R
TMEE 2 <13 14~17 =18 I S S S S

L RPUHE TP S iU
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Fig.1 PCR amplification results of 5 strains of resistance genes
T ca BN FERZH DNA HAEH ;a &9 .M : Super DNA Marker;1~5:erm(Z1 .72 .B1 .G1 1) ;6~10:aph;11~15:van | ;
16~20:bla 1l ;21~23:aac I (B1.G1.L1) ;24 :aacIl (L1), b FE A JEAk: DNA AT ;b &A1 M. DL2000 DNA Marker;
1~3:erm(Z1 Bl \Ll) ;4~7 :aph(Z1 Bl .Gl \L1) ;8~11:van 1 (7Z1.72 .G1 \L1) ;12~13:aac I (Bl L1),

PR NPT, BB 3 MR B PEZLAF Y i m &R
Aotk , ML BEER UK EGUR, SRR~ B
W S5 WIF T BN 552 A 0 LA IX AR L T AR A L
FF B A% T 85 28 W0UR%, M AS W E b 2 RRAE 9 ZLAT S
POFARE S F S NIl OE 2L e VAR OFAR: S35\ L L o
72 R 1A F AR AURE, ik mT L R B AN [R] B
Mt [E) P AR 2 P25 v AR ], 13X AT e i T R ARk
PR, B L2 b Ag 25 7, 25al v sk
PRAVERI B A B T e a5k T iz e A, (R i 45 SR
R EZRZ , P R4 i & AN A B SR AR
F] PR A K AN R 45, B AR FRIZEPi A EH i
Pr2j R S P2y ZE A — 2 1 oG ER, ik, 2L
T 470 247 P B A T 3 8 R A B TR RS 1 PCR
Jrike
22 MHEERENEEEM

ST WE TS R A TN A b, iR 2R
Ri b, IRBE R B, ARG 43 DL P 2H DNA
FUBTRL DNA SR AT PCR 471, G 45 R ILIET 1,
FLRIH ARG E] 6 APtk A (erm  aph van T |
blall aac 1 F1 aac 1), JBi ki b LK 90 2] 4 4~ 3 A
(erm .aph wan 1 Fl aac 1) , eyt LB (gnr .
sul .ant(6) tet wan Il \bla 1 ) BRI F], XX 5 Bk
I F , & K20 LRI 2] erm  aph (van 1 (bla 11,
B1.G1 i1 L1 iX 3 #RMA R E] aac T, L1 I 4670
B aac ll 3 BT aph FELHEP G B /N, 5B &
ST 04 P e 2 PR AR B R/ NAS [R) T B,

o3 A A JEORE L Y 43 A AN — B, 2 R AR
72 kL R E] van 1,10 L1 Bk I 4 Rk
FEER R 2], 53 4h 3 BRE Bk E L4350 2~3 Fhidi
PEER . A SCHRFR BT, ZLIR A P A A 2 S BTk R
TR AT e G VE O N B 2L AR IS bi e B R 1Y
FHE L HRTVE 2RI H HOIE S LR L
e 4 2 DR 5 E LR T 5 ) P ke s LAt 7 ok 22 1]
KRR IR A 25 WE 5T BRI A Bk S
PR S F R B A B AR o AnIRAXFEZL K 2 DNA
RS I AE TR A AR A I F , 5 B G S
AT BER EA W 2R, N2 A KRS (0 B
PO TR, 590 A AE ot R K S 5% B 19 T RE
i, AT I T AL R, 22 RARAE BT 24 M Ty T BE EL
Erae =

114 20204 55 084A

23 MHEERSREMNXZE

33 A4S T Pk ZPUPE S AE ST E R 2 ] 1
K MR B2 3L P S P2 R A > A —
Kl WS AREXTRIBEE R T B R A YU, B
W E] aph wan 1,5 BRE X 7 9765 I3 UK, HLA K )

3 PUERPUE SHOCHIME IR Z Y R
Table 3  Relationship between antibiotic resistance

and related resistance genes

.. , it
LA RAU/ER 7Z1 72 Bl Gl LI
RIRER A R R R R R
aph i 25 3% X + o+ o+ o+ o+
RKREZR xR R R R R R
aac 1 255 A - - + + +
aac Il it 25 FE K - - - - 4
FER R e R R R R 1
ant(6)THLRHF - - - - -
SNSRI FH R R R R R
R R Fe R R R R 1
AR A Fm R R I R R
ZERU R Fm R I I I R
gnr i 25 3E A - - - - -
Tl &R e R R R R R
van | T2 5L A + o+ o+ o+ o+
van I THZ5 A - - - - -
ARHR R I §$ S S8 s
erm T 24 3 + o+ o+ o+ o+
UIEZy Fm I S S s 8
tet Tif 3L [H - - - - -
HEECGC FH R R R R 1
A FH R R R R R
ZRIE PG AR FH R I I R R
. Fa e gk Fm S S S s s
S EEmy F S s s s s
=R NN Bl S s s s s
WR 7. PG Ak B3 R S s s s
bla 1 it Z5HH - - - - -

bla 11 T 25 5 (K] +
=iy )| Eill S
sul i 2555 K] -
HR UM LA S Us M s + ARSI, - R
BN HTPERE

I w»n +
I »n +
I w»n +
I +

S



T

@é;ﬂﬁ&l

B sul , FEH 5 FLP I GE R —F

SRNT, TE 7B 53 470 25 TR AR vh I 1 A RS 0 21 A 1 7Y
VUL, ARWFTE b 5 AR B X M B S PTAE 3R BE RS
RAPUE, FPAAGIN B AR L A PR SE N, 23 B AR X
Al G 1 PRI AT BB S R B X4 4 3R s VA R 2 T
AR ZAYPTVE AT BE S B0 MR 2 PRSI0 AN 08 4x T, A7 Hi Al
BT AP E  D BORE Rk B A P2, i T R X
APUME S DA AR B R 52 A T AT 2 3 A5 H At
DA AL 25 SR 2 At AT SCHRAR G, Hummel %52
FE T 45 PPhELER A PTG VR, 45 2R K B W FLAT TR
BFE 7440 XJ G %5 5 A Uk, 20K I 2] 545 R Pk
FEIM cat ; Rojo— Bezares %5 5 1 199 v LI B4 A9 T
2y, T R WAL Y FLAT B C709 X U7 7 8 A Bt
P, W ARG I B AH BT EIE R o 53 4b, R AL BUR Y T
RRAL AT BESEAT BT VE L PR, ARFFE b 4 BRI X L08R
IR, ZNHRAG I B LT85 P UMEIL A erm ., Z 5P
K T R R o S a FLR B BT 2 P, 5T SR 1
T FLAT B XS DU 35 2R A0S, (B A s FLAT B P A
FPUFR EPUPEIE tetK (tetM 3 1] fE S PR ok HE 7
HOPTPESE DR T 2.

5 BREXAS R 19 B— PNE I AP 2 ZA7 AN [H] A
S B SRS UZS I NS 7R S NN E AL o NN~ i S 5
B WO REURME XS ORI P AR R R G LR R A B
AT, S MR PRI E] g— PN BENE R PTPEIE N bla 1T
MEARAGZIZ bla 1, 5347 R AT RESRPTPESREA bla 1
B PRAITTL T
24 JEERBRESH

PUPEHE PN BE 75 3R ik 2 HAF M 8 hn 2 —, F X
KB 6 APt R 2547 T RT-PCR. 56 R
T MRS B3R FPisE R 75 5 55 57 P Fh O 20, i 2k —
APUEWITVEBE PR B ik 25 . B RIS PTAE SRk
BORKFZR R R IR R &R,
KRIAWMEEIE L R, B- WIS E R H &R
Go BRTLmRBFARKBE I, R PrA 115 T4
N

K4 PUERENFIBAN S5 R

Table 4 Result of resistance gene expression

- . . PubEIE A
i
bR AR erm  aph wvan 1 blall aacl aacll
MRS - - + + X X
71 :
MRS +#HiHEZE 7/ - + + X X
MRS - + + + X X
72 N
MRS + i &/ - + + X X
B1 MRS + + - + + X
MRS + 14 ZE  / + - + + X
MRS - - + - X
Gl >
MRS + i &E  / - + - X
MRS + + - + + -
MRS + i &/ - + + -

+
TE: 4+ A s — R 5/ R AT, oIRGB 5 %« R IR BT
PEIEA
H2 4 nl UL, 3T aph HUvESE DR UL, AP FLAT I
22 RRRS HE VIR R R IR, ] MRS 85572 R
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TSR 2GR IEI aph 61k R IN-F IR 225 B aph
FLRAFK IR ;XF van 1 bla 1l .aac 1 Fl aac 11 4 FhPiit
FERF,5 BRETTE MRS BrgR B RGS myr 4= R 1y
MRS 57 i FRiA W 0l — 2, IR IH R L, R
IR MIHIR AN FE 3, phr 1 18 W D0 BR 11 Pe e i IR 7 5
FEEFR OISR T MR AR DUBR, 33 L 70 BR 04 Bt 2k 2 AT AT
RETEAFAE 19 25 7F T A BB BRI Rk, X RRE &
KA IE— 2P W

3 Hit

5 BRETIYER B X 2 HOPE T IS v A TR 2SI
RKPERMEAER B W HEPr2irk, Himd 23K
BU3 550K« Z1 F1 22 Fg erm” .aph' .wan 1" bla 1", B1 1
Gl & erm’ .aph’ .van 1" . bla 1" ,aac 1",1L.1 & erm" .
aph’ wan 1" . blall" .aac 1" aac 1", 5 B kL B BT
EIPT R R AR AN IE] , 22 B R BURL BB S —
van | HOPEREDR, R 22 A3ty .

G381, JBORL b B T R IR AT BE AE TR B A 3 H A
TER A XURS: o I 2 T 2L R Bl T 24 14 ) I 58 22 7 T
2 FRAY T 2 5 DR I K ik 245 AL ) 45 5 T, FRATT UL 6
Z2 WIS AnAn] T BT 245 5k X1 K 3 B T 24 2k ERL S LR oA
#AETERE A oAb, TR, i am X 2L IR o b 25
MIRIFSY , 33— 20 BT 5 0 B i 24 6% ] )= 20 R 181 1) 45 A
PEAB AL, DT ORI 22 I B o 14 IO 1 242 4, (W B 2hy 4 T
B AL PP T BRI P2 PR SR A B R

5% Lk
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