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Antibiotic Susceptibility of Lactobacillus bulgaricus Isolated from Yoghurt
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(College of Food Science and Engineering, Northwest A&F University, Yangling 712100, China)

Abstract: Lactobacillus bulgaricus strains were isolated from different yoghurt brands produced in different regions in
China and analyzed for genetic diversity and antibiotic susceptibility. Further, antibiotic-resistant isolates were subjected
to genetic analysis. A total of 18 Lactobacillus bulgaricus strains were obtained using modified MRS medium. They were
subjected to RAPD typing and analyzed for susceptibility to 11 different antibiotics. Besides, their potential antibiotic-
resistance genes were detected by PCR. The results showed that 18 Lactobacillus bulgaricus isolates had considerable
genetic diversity and diverse antibiotic-resistance phenotypes. All of them were susceptible to roxithromycin and resistant
to kanamycin. Meanwhile, they also could resist ampicillin, penicillin G, chlortetracycline, chloramphenicol, tetracycline,
lincomycin, streptomycin, neomycin and gentamycin to different extents. tet(M) gene was detected in isolate B-8, and
ant(6) gene in both B-8 and B-41, and aph(3’)-Illa gene in B-43, B-47, B-49 and B-51. These findings suggested that 18
Lactobacillus bulgaricus isolates had serious multiple antibiotic resistance.
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Tablel  Primers and PCR programs for the detection of selected antibiotic-resistance genes in L. bulgaricus strains
SE Bk 1975 PCRY M 41+ PR Nbp B R
tetM-F GTGGACAAAGGTACAACGAG . . . -
tet(M) 94°C. 30s; 53°C. 60s; 72°C. 30s; 30/MIH 406 [13]
tetM-R CGGTAAAGTTCGTCACACAC
tetS-F ATCAAGATATTAAGGAC . . ) o
tet(S) 94°C. 30s; 55C. 60s; 72°C. 30s; 30MEHF 573 [14]
tetS-R TTCTCTATGTGGTAATC
tetW-F GAGAGCCTGCTATATGCCAGC . . . -
tet(W) 94°C, 30s; 64°C. 60s; 72°C. 30s; 30/ 168 [15]
tetW-R GGGCGTATCCACAATGTTAAC
tetK-F TTAGGTGAAGGGTTAGGTCC . . . L
tet(K) 94°C. 30s; 55C. 60s; 72°C. 30s; 30/MEHF 697 [16]
tetK-R GCAAACTCATTCCAGAAGCA
tetL-F CATTTGGTCTTATTGGATCG . . . o
tet(L) 94°C. 30s; 50C. 60s; 72°C. 30s; 30/MGH 456 [16]
tetL-R ATTACACTTCCGATTTCGG
tetO-F AACTTAGGCATTCTGGCTCAC . . . L
tet(0) 94°C. 30s; 55°C. 60s; 72°C. 30s; 30/MEHR 515 [13]
tetO-R TCCCACTGTTCCATATCGTCA
strA-F CTTGGTGATAACGGCAATTC . . . o
str(A) 94°C 30s; 55°C. 60s; 72°C. 30s; 304MfEHA 548 [17]
StrA-R CCAATCGCAGATAGAAGGC
strB-F ATCGTCAAGGGATTGAAACC . . , L
str(B) 94°C. 30s; 56°C. 60s; 72°C. 30s; 30/MEH 509 [17]
strB-R GGATCGTAGAACATATTGGC
ant6-F ACTGGCTTAATCAATTTGGG . . . o
ant(6) 94°C, 30s; 53°C. 60s; 72°C. 30s; 30/MEH 597 [18]
ant6-R GCCTTTCCGCCACCTCACCG
catA-F GGATATGAAATTTATCCCTC . . . L
cat(A) 94°C, 30s; 50°C. 60s; 72°C. 30s; 30/MEHK 486 [16]
catA-R GGATATGAAATTTATCCCTC
aac(6’)- aac-F CCAAGAGCAATAAGGGCATACC . . . o
94°C. 30s; 58°C. 60s; 72°C. 30s; 30/MiEH 675 [19]
aph(2”) aac-R ACCCTCAAAAACTGTTGTTGC
h3’-F GCCGATGTGGATTGCGAAAA .
aph(3)-lla 0 94°C., 30s; 55°C. 60s; 72°C. 30s: 30MEH 292 [18]
aph3’-R GCTTGATCCCCAGTAAGTCA
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Fig.l  RAPD typing and cluster analysis of 18 L. bulgaricus isolates
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Fig2 Cluster analysis for antibiotic-resistance phenotype classification
of 18 L. bulgaricus isolates
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Table2 Distribution of MICs of 11 antibiotics to 18 L. bulgaricus isolates
VN
. , MIC{E/(ng/mL) i 247 1/ -
I e N 245 /%
BRI i <0.125 025 05 1 2 4 8 16 32 64 128 256 =512 (ng/mL) LER
A ey, AMP 4 2 7 3002 1 11.1
e R N 5 5 4 2 ¢ 1.1
KNS ROX 2 4 12 1° 0
AFFEHK CHL 10 5 1 4 333
MA#%3 LIN 1 7 5 5 4 55.6
Sl T — CHT 4 1 4 6 1 1 16.7
- TET 6 8 1 4 50.0
=
KAN 3 3 12 16" 100
vy s STR 11 1 5 1 3 6 16° 88.9
NEO 1 3 1 10 3 32 77.8
GEN 1 3 3 5 6 16° 77.8
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Table3 Antibiotic resistance genes detected in L. bulgaricus isolates

and corresponding MICs

B R P Z (MIC/ (pg/mL)) o ERITEO g7 S PS)
B.g VYFR(16) tet(M)

BERT 2 (64) ant(6)
B-41 HEREFR(512) ant(6)
B-43 RIER(=512) aph(3*)-1lla
B-47 FIAERG12) aph(3°)-Illa
B-49 R ZR(512) aph(3’)-Illa
B-51 RIBEE K (256) aph(3°)-Illa
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K, H AR BIRR R IIMIC i s S bR 03 =Pk
aph(3°)-ITTak K NARKIN 25 g fk A AR E AT TR IFAS &
i 52 R 887 2 b e (Bl AR Z ), HeAb it R fE o
PRI PR P A B o 3 U5 A TR 2 1 5 e R TR PR A H
HHERFR, W REIEAEAE A 2L o H, X
B AR B DR 5y 40 AR Al oK AN B TR K
VEF, AR S IMAIR, IR L4550
TR MRt

P T R P 7K P % e 24 7 T I P9 Al 5 7 0 1 2 b
YA ARG . AR, AR R
2 B IR LSRR AR IR FUAT 14 2 i 25 L% "2, AR
2 DR R AT ARSIU 5  HUtE SE R A AE o X SEH Ik SR
IR RS B e il T Bk, DRI A 2ot a7 3
PR R 24 PR ORI . IR IARHE TR SRR, BV B
sty LR B 22 AP LA o

SR

[1] D’AIMMO M R, MODESTO M, BIAVATI B. Antibiotic resistance of
lactic acid bacteria and Bifidobacterium spp. isolated from dairy and
pharmaceutical products[J]. Int J Food Microbiol, 2007, 15(1): 35-42.

[2] KLARE I, KONSTABEL C, WERNER G, et al. Antimicrobial
susceptibilities of Lactobacillus, Pediococcus and Lactococcus human
isolates and cultures intended for probiotic or nutritional use[J]. J
Antimicrob Chemother, 2007, 59(5): 900-912.

[3] LIU Chang, ZHANG Zhuoyang, DONG Ke, et al. Antibiotic resistance
of probiotic strains of lactic acid bacteria isolated from marketed foods
and drugs[J]. Biomed Environ Sci, 2009, 22(5): 401-412.

[4] TENOVER F C. Mechanisms of antimicrobial resistance in bacteria[J].
Am J Med, 2006, 119(6A): S3-S10.

[5] WALTHER C, ROSSANO A, THOMANN A, et al. Antibiotic
resistance in Lactococcus species from bovine milk: presence of a
mutated multidrug transporter mdt(A) gene in susceptible Lactococcus
garvieae strains[J]. Vet Microbiol, 2008, 131(3/4): 348-357.

6] PR, BT, JERER, S5, ORI FURT v A o R JE R I 0]
P E A, 2009(8): 10-14.

(7] #ARSC. FURRAN B 4 B4 8 S e M. bt R Tk
#t, 1999: 85-86.

[8] SCARPELLINI M, MORA D, COLOMBO 8, et al. Development
of genus/species-specific PCR analysis for identification of
Carnobacterium strains[J]. Curr Microbiol, 2002, 45(1): 24-29.

[9] KOWALCHUK G A, de BRUIJN F J, HEAD I M, et al. Molecular
microbial ecology manual: simplified protocols for the preparation
of genomic DNA from bacterial cultures[M]. 2nd ed. Netherlands:
Kluwer Academic Publisher, 2004: 3-18.

[10] DAUD KHALED A K, NEILAN B A, HENRIKSSON A, et al.
Identification and phylogenetic analysis of Lactobacillus using multiplex
RAPD-PCR[J]. FEMS Microbiol Lett, 1997, 153(1): 191-197.



XY TR

E6miltl =

2012, Vol.33, No.21 207

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

SPANO G, BENEDUCE L, TARANTINO D, et al. Characterization of
Lactobacillus plantarum from wine must by PCR species-specific and
RAPD-PCR[J]. Lett Appl Microbiol, 2002, 35(5): 370-374.

Clinical and Laboratory Standards Institute. Methods for dilution
antimicrobial susceptibility tests for bacteria that grow aerobically[M].
8ed. Wayne, PA: Clinical and Laboratory Standards Institute, 2009.
NG LK, MARTIN I, ALFA M, et. al. Multiplex PCR for the detection of
tetracycline resistant genes[J]. Mol Cell Probes, 2001, 15(4): 209-215.
GEVERS D, DANIELSEN M, HUYS G, et al. Molecular
characterization of tet(M) genes in Lactobacillus isolates from
different types of fermented dry sausage[J]. Appl Environ Microbiol,
2003, 69(2): 1270-1275.

AMINOV R I, GARRIGUES-JEANJEAN N, MACKIE R I. Molecular
ecology of tetracycline resistance: development and validation of
primers for detection of tetracycline resistance genes encoding ribosomal
protection proteins[J]. Appl Environ Microbiol, 2001, 67(1): 22-32.
AARESTRUP F M, AGERSO Y, GERNER-SMIDT P, et al.
Comparison of antimicrobial resistance phenotypes and resistance
genes in Enterococcus faecalis and Enterococcus faecium from
humans in the community, broilers, and pigs in Denmark[J]. Diagn
Microbiol Infect Dis, 2000, 37(2): 127-137.

OUOBA L I, LEI V, JENSEN L B. Resistance of potential probiotic
lactic acid bacteria and bifidobacteria of African and European origin to
antimicrobials: determination and transferability of the resistance genes
to other bacteria[J]. Int J Food Microbiol, 2008, 121(2): 217-224.
ROJO-BEZARES B, SAENZ Y, POETA P, et al. Assessment of
antibiotic susceptibility within lactic acid bacteria strains isolated from

[19]

(20]

(21]

[22]

(23]

[24]

[25]

wine[J]. Int J Food Microbiol, 2006, 111(3): 234-240.

KOBAYASHI N, ALAM M, NISHIMOTO Y, et al. Distribution
of aminoglycoside resistance genes in recent clinical isolates of
Enterococcus faecalis, Enterococcus faecium and Enterococcus
avium([J]. Epidemiol Infect, 2001, 126(2): 197-204.

DANIELSEN M, WIND A. Susceptibility of Lactobacillus spp. to
antimicrobial agents[J]. Int ] Food Microbiol, 2003, 26, 82(1): 1-11.
EC (European Commission). Opinion of the Scientific Committee
on Animal Nutrition on the criteria for assessing the safety of
microorganism resistant to antibiotics of human clinical and veterinary
importance[C]. Adopted on 3 July 2001, revised on 24 January 2003.
http://ec.europa.eu/food/fs/sc/scan/out108_en.pdf.

EFSA. Technical guidance prepared by the Panel on Additives and
Products or Substances used in Animal Feed (FEEDAP) on the
update of the criteria used in the assessment of bacterial resistance to
antibiotics of human or veterinary importance[J]. The EFSA Journal,
2008, 732: 1-15.

KATLA A K, KRUSE H, JOHNSEN G, et al. Antimicrobial
susceptibility of starter culture bacteria used in Norwegian dairy
products[J]. Int J Food Microbiol, 2001, 67(1/2): 147-152.
DANIELSEN M. Characterization of the tetracycline resistance
plasmid pMD5057 from Lactobacillus plantarum 5057 reveals a
composite structure[J]. Plasmid, 2002, 48(2): 98-103.

CATALOLUK O, GOGEBAKAN B. Presence of drug resistance in
intestinal lactobacilli of dairy and human origin in Turkey[J]. FEMS
Microbiol Lett, 2004, 236(1): 7-12.



