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Detection of streptomycin resistance and resistance genesin lactic acid
bacteria from Sichuan Pickle of China
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ABSTRACT: Objective To detect the streptomycin resistance and resistance genes of lactic acid bacteria
(LAB) in Sichuan Pickle of China. Methods The streptomycin resistant LABs were isolated by MRS
containing 8 pg/ml streptomycin, and were identified by 16S rRNA analysis. The minimum inhibitory
concentration (MIC) for streptomycin was determined for each isolate by broth microdilution method. And then
susceptibility status was determined by comparing MIC values to breakpoints proposed by European Food
Safety Authority (EFSA). In the streptomycin resistant LABs, the candidate streptomycin resistance genes (StrA,
strB, aadA, aadE, ant(6), aac(6')-aph(2"), and aph(3')- Illa) were detected by PCR. Results Sixty-seven lactic
acid bacteria which belonged to Pediococcus ethanolidurans (36), Lactococcus garvieae (14), Lactobacillus
buchneri (12), Lactobacillus acetotolerans (2), Lactococcus lactis (1) and Saphylococcus.spp (2) were isolated
from Sichuan Pickle of China. In these isolates, all Lactococcus garvieae, Lactobacillus acetotolerans,
Lactococcus lactis and Saphylococcus.spp strains displayed streptomycin resistance, while only 20
Pediococcus ethanolidurans and 7 Lactobacillus buchneri isolates were streptomycin resistant. Except
Lactobacillus acetotolerans, isolates belonged to the other 5 species harbored several or all candidate resistance
genes. The strA and aph(3')-Illa genes were detected in all 5 species isolates with detection rate of 50% - 100%
and 21.4% - 100%, respectively. The detection rates of strB gene in Pediococcus ethanolidurans, Lactobacillus
buchneri, Lactococcus garvieae and Lactococcus lactis were 70%, 42.9%, 28.6% and 100%, respectively. The
aac(6") - aph(2') genes were detected only in 3 Pediococcus ethanolidurans, one Lactobacillus buchneri, one
Lactococcus garvieae and 2 Saphylococcus spp strains. And no amplicon resistance genes such as aadA, aadE
and ant(6) were detected in either isolate. In conclusion, the detection rates of strA, strB and aph(3')-Illa genes
were more than other genes. Conclusion These results indicated that lactic acid bacteria with streptomycin
resistance were living in the brine of Sichuan Pickle, and it would be a potential health risk.
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1 Introduction
Lactic acid bacteria (LAB), as probiotics

bestowing human health, are generally recognized as
safe (GRAC) food grade microorganisms and widely
used in food industry "'\ In the maintenance of
gastrointestinal health, LAB plays an important role.
However, in recent years, the overuse and misuse of
antibiotics have created a tremendous selective pressure
of antibiotics resistant to bacteria in environment. The
emergence of antibiotic resistance is a global threat
because it reduces the efficiency of the antibiotic
therapy " °!. Hence the usage of LAB in food
production has raised an important safe question which
is the nature of acquiring and distribution of
antimicrobial resistance gene in the LAB [**. Different
strategies for the resistance to various antibiotics have
been found in microorganisms. In general, most of them
can be classified into three categories: (1) intrinsic or
natural resistance, which is inherent to a bacterial
species, (2) acquired resistance caused by the mutation
of indigenous genes, and (3) acquired resistance due to
acquisition of exogenous resistance genes . And the
exogenous acquired resistance would be very harmful
due to horizontal transfer of antibiotic resistance genes
between bacteria.

In the recent past, most published reports on
selection and dissemination of antibiotic resistance
genes within the complex bacterial community of the
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human gut were mainly focused on clinically relevant
species '”. Currently, the role of LAB as a reservoir of
antibiotic resistance determinants with transmission
potential to pathogenic species is now increasingly
acknowledged !"'""*), and thus representing a potential
health risk in the food chain in dissemination of
antimicrobial resistance is also concerned. However,
the report of antibiotic resistance about LAB in
fermented foods is seldom found at home and abroad.

Streptomycin  is
agriculture for bacterial disease control in China,
particularly against soft rot of cabbage, angular leaf
spot of cucumber, corky scab of hot pepper and so on.
Therefore, the resistant strains of environment, such as
air, water and soil, are unavoidable gathered at the
surface of the vegetable in vegetable growing process.
The Sichuan Pickle is traditional fermented vegetables
food by natural inoculation, which contains live LAB,
and without secondary disinfection. The food chain has
been recognized as one of the key routes of
transmission of antibiotic resistance between hosts %,
Owing to there is a no-contact barrier between LAB as
normal flora in the intestinal tract, the resistance LAB
can easy distribute resistance genes to other bacteria,
especially pathogen bacteria. This will cause perishing
danger in the treatment of disease. So it is necessary to
investigate streptomycin resistance of LAB in pickle.
This study would be very useful for safety evaluation of
LAB strains in Sichuan Pickle.

extensively used in plant
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2 Materials and methods

2.1 Isolation of streptomycin resistant LAB

Pickle brine samples collected from
family-made Sichuan pickle, and 0.1 mL aliquots of 10-
and 100-fold dilution of the culture were spread onto
MRS plates containing calcium carbonate and 8 pg/mL
streptomycin, which was equal to the
breakpoints as suggested in EFSA ["*1. After incubation
at 37 ‘C for 2~3 d, the colony, which had dissolver
zone of calcium carbonate, were randomly selected
from streptomycin plate and purified by re-streaking.
And these strains were stored at -80 ‘C in MRS broth
containing 25% glycerol.

wWere

lowest

2.2 ldentification of streptomycin resistant
LAB

Genomic DNA was extracted and purified from
cells in the mid-logarithmic growth phase according to
the methods described by Xiang et al ' The
polymerase chain reaction (PCR) amplification of 16S
rRNA gene of the isolates were performed using the
universal primers EU27F (5'-AGA GTT TGA TCC
TGG CTC AG C-3") and 1490R (5'-GGT TAC CTT
GTT ACG ACT T-3"). The 25 pL PCR reaction mixture
contained 2.5 pL 10 x PCR Buffer (with Mg*"), 0.25 pL
DNA Polymerase (Bioedlfy Biotech, Nanjing, China), 2
pL ANTP mixture (2.5 mmol/L each), 1 uL chromosome
(5-100 ng/uL), 1 pL PCR primer EU27F (20 pp),1 pL
PCR primer 1490R (20 pp) and 17.25 pL ultrapure
water. Approximate 1500 bp fragments of the 16S
rRNA were amplified by PCR, and were sequenced by
the Sanger's dideoxy-chain termination method
(Shanghai, China). The 16S rRNA sequence was

compared with those in GenBank Database by using the
BLAST program and the percent similarity was then
determined.

2.3 MIC assays

The minimum inhibitory concentration (MIC) for
streptomycin was determined for each isolate by broth
microdilution method!"”. Briefly, a 96-well plate was
inoculated with 198 pLL MRS broth containing serial (1 :
2) concentrations of antibiotics (8-1024 pg/mL
streptomycin) and 2 pL fresh LAB samples. LAB
cultures were first grown in 5 mL MRS for 24 h at
37 ‘C and then subsequently diluted in 0.85% (w:v)
physiological saline to the concentration of
approximately 1x107 cell/mL. Bacteria inoculated in
MRS were used as positive control, and a bacteria-free
well was used as negative control. Then the plates were
incubated at 37 C for 48 h. MIC values of
streptomycin of each strain were visually evaluated as
the lowest concentrations at which no growth was
observed. Susceptibility status was determined by
comparing MIC values to proposed breakpoints ">, All
the tests were repeated at least twice. In duplicate
experiments, the differences of MIC for independent
sample never exceeded one order of dilution.

24 PCR detection of streptomycin resistance
genes

Chromosomes were isolated from the LAB strains
and used as templates for PCR to detect the candidate
streptomycin resistance genes (StrA, strB, aadA, aadE,
ant(6), aac(6')-aph(2'), and aph(3')-1Ila) '™ The
primer sequences, annealing temperature and
elongation time were listed in Table 1. PCR products (5
pL) were separated by conventional 1.0 % (W:V) agarose

Tablel Candidate primersfor detection of streptomycin resistance genes

Resistance genes Primers (5'to 3") Annealing temperature C Reference
SrA F: CTTGGTGATAACGGCAATTC 55
R: CCAATCGCAGATAGAAGGC
B F: TCGTCAAGGGATTGAAACC 56
R: GGATCGTAGAACATATTGGC
(6]
aadA F: ATCCTTCGGCGCGATTTTG 56
R: CAGCGCAATGACATTCTTG
aadE F: ATGGAATTATTCCCACCTGA 50
R: TCAAAACCCCTATTA AAGCC
ant(6) F: ACTGGCTTAATCAATTTGGG 58
R: GCCTTTCCGCCACCTCACCG
, , F: CCAAGAGCAATAAGGGCATA
aac(6)-aph(2) R: CACTATCATAACCACTACCG 60 (18]
aph(3)-111a F: GCCGATGTGGATTGCGAAAA 60

R: GCTTGATCCCCAGTAAGT CA
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gel electrophoresis in 1x TAE buffer and visualized by
ethidium bromide staining. And the amplicons were
randomly selected to further confirm by sequencing.

3 Results

3.1 Isolation and identification of streptomycin
resistant LAB

In this study, 67 LAB strains were isolated from
family-made Sichuan Pickle samples. All strains were
identified by 16S rRNA. The 16S rRNA blast suggested
that LAB isolates were classified to 6 species, 36 strains of
Pediococcus ethanolidurans, 14 strains of Lactococcus
garvieae, 12 strains of Lactobacillus buchneri, 2 strains of
Lactobacillus acetotolerans, one strains of Lactococcus
lactis, and 2 Saphylococcus. These strains shared at least
97% 16S rRNA similarity to that of GenBank Database
reference strains, and even some achieved 100% similarity.

3.2 MIC assaysof LAB isolates

The susceptibility of 67 LAB strains to
streptomycin was assessed by broth microdilution
method, and their MIC distributions were shown in
Table 2. The unimodal distributions were observed for
all strains except for Lactobacillus buchneri with
different distributions. For Pediococcus ethanolidurans,
the MIC range was from 16 to 1024 pg/mL, and the
MICs of 20 strains were more than EFSA breakpoints
64 pg/mL U3 All the 14 strains of Lactococcus
garvieae showed the higher MIC with the range from
256 to 1024 pg/mL and possessed streptomycin
resistance. For Lactobacillus buchneri, the MICs of 10
strains were between 32 and 64 pg/mL and one strain at
512 pg/mL, one with more than 1024 pg/mL. The MICs
of 2 strains Lactobacillus acetotolerans were 128 and
256 pg/mL respectively. In Lactococcus lactis, only one
strain showed streptomycin resistance, with MIC of 64
pg/mL. And the MICs of 2 Staphylococcus spp. were

256 pg/mL. In all 67 strains, the total 46 strains showed
resistance for streptomycin based on the breakpoints
suggested by EFSA %),

3.3 Detection of streptomycin resistance genes
in LAB strains

The 46 LAB strains were tested by PCR for the
presence of the candidate streptomycin resistant genes:
strA, strB, aadA, aadE, ant(6), aac(6')-aph(2'), and
aph(3")-Ila. The corresponding positive amplicons
were presented in Table 3. In the 46 streptomycin
resistance LAB strains, the strA and aph(3')-Illa gene
have been detected respectively in 34 and 26 strains
containing 5 species except Lactobacillus acetotolerans,
The strB gene has been detected in 25 strains, including
Pediococcus ethanolidurans, Lactobacillus buchneri,
Lactococcus garvieae and Lactococcus lactis; Although
aac(6')-aph(2') gene were detected in only 7 strains, it
contained Pediococcus ethanolidurans, Lactobacillus
buchneri, Lactococcus garvieae and Saphylococcus
spp. And no amplicon corresponding to aadA, aadE
and ant(6) genes were detected in all isolates. Moreover,
no gene has detected in Lactobacillus acetotolerans.

Statistical analysis (showed in Table 4) found that
the distribution and frequency of
streptomycin resistance genes were different in various
species. In Pediococcus ethanolidurans, the detection
rate of aph(3')-Illa gene was the highest, reaching 75%.
In Lactococcus garvieae and Lactobacillus buchneri,
the detection rates of StrA gene were the highest, with
92.9% and 100% respectively. On the whole, the
detection rates of StrA, strB and aph(3')-1lla genes were
more than other genes. These results indicated that the
mechanism and pathway of acquired resistance genes

occurrence

may be different between species, but there are some
similarities in all streptomycin resistance strains.

Table2 MIC distribution of 5 speciesto streptomycin

Number of strains with MIC (pg/mL)

Species Total strains
16 32 64 128 256 512 1024 >1024
P. ethanolidurans 48 128 6 R 5R 4R 3R 2R 36
L. garvieae 6 R 7R IR 14
L. buchneri 5S SR IR IR 12
L. acetotolerans 1R IR 2
L. lactis 1R 1
Saphylococcus spp 2R 2
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Table3 LAB strainswith streptomycin resistance genes and their MICs

LAB Species Strain MIC(pg/mL) Resistance genes detected by PCR
A9 256 aph(3')-Illa
Al4 64 StrA, strB, aph(3")-11la
Al6 128 strB, aph(3")-1lla
A23 64 strA, aph(3")-1lla
A31 256 strA, strB, aph(3')-Illa
A33 128 aph(3")-Illa
J6 64 StrA, strB
J8 128 StrA, strB
117 64 StrA, strB
P. ethanolidurans J20 128 strA, strB, aph(3')-1lla
J28 256 strB, aac(6')-aph (2'),
J29 512 StrA, strB
J35 512 strB, aph(3')-1lla
138 512 StrA, strB, aph(3')-1lla
J42 128 strB, aph(3')-Illa
S4 =1024 strB, aph(3")-1lla
S6 64 strA, strB, aph(3')-1lla
C20 =1024 aac(6')-aph(2"), aph(3')-Illa
K3 64 strA, strB, aph(3')-Illa
K11 256 strA, strB, aac(6')-aph(2'), aph(3")-Illa
L32 1024 strA, aph(3")-Illa
L33 512 StrA, strB, aph(3')-1lla
L34 512 StrA
L35 512 StrA
L36 512 StrA
L41 256 StrA, strB
J2 256 StrA
L. garvieae 115 512 strB, aac(6')-aph(2"), aph(3')-Ila
J18 256 StrA, strB
J21 256 StrA, strB
J23 256 StrA
124 512 StrA
J25 256 StrA
J34 512 StrA
L2 512 StrA, strB, aph(3")-11la
L7 64 strA, aph(3')-Illa
L13 64 StrA, strB, aph(3')-1lla
L. buchneri L17 64 strA, aph(3")-Illa
L18 64 strA, aph(3")-1lla
A2 64 StrA, strB, aac(6')-aph(2")
S1 =1024 strA, aph(3")-1lla
L. acetotolerans 7 2% i
L40 128 -
L. lactis L31 64 strA, strB, aph(3')-1lla
L39 256 aac(6')-aph(2")
Saphylococcus spp
S5 256 strA, aac(6')-aph(2"), aph(3")-11la

-: not dectected
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Table 4 Satistical analysisof the detection rate of streptomycin resistance genes

Streptomycin resistant genes

Streptomycin

LAB Species Total strains resistant sirains StrA StrB aac(6')-aph(2") aph(3")-1lla

AMT % AMT % AMT % AMT %
P. ethanolidurans 36 20 12 60% 14 70% 3 15% 15 75%
L. garvieae 14 14 13 92.9% 4 28.6% 1 7.1% 3 21.4%
L. buchneri 12 7 7 100% 3 42.9% 1 14.3% 6 85.7%

L. acetotolerans 2 2 0 0 0 0 0 0 0 0
L.lactis 1 1 1 100% 1 100% 0 0 1 100%
Saphylococcus spp 2 2 1 50% 0 0 2 100% 1 50%
In total 67 46 34 73.9% 23 50% 7 15.2% 26 56.5%

ATM: amount

%: The percentage of the strain detected corresponding streptomycin resistance gene in total resistant strains

4 Discussion

Streptomycin had been spred in the environment
when used in plant agriculture for bacterial disease
control in the late 1950s, leading to the selection of
streptomycin resistant bacteria ', These bacteria may
live in or on fruits, vegetables. Dissemination of
antibiotic resistance by the food chain is an important
public health issue.

In this study, the LABs in the family-made
Sichuan Pickle, including Pediococcus ethanolidurans,
Lactococcus garvieae, Lactobacillus  buchneri,
Lactobacillus acetotolerans, Lactococcus lactis and
Saphylococcus spp. The EFSA describes that
microbiological breakpoints are set by studying the
distribution of MICs of the chosen antimicrobials in
bacterial populations belonging to a single taxonomical
unit (species or genus) and that the part of the
population that clearly deviates from the normal
susceptible populations is categorized as resistant ['*). In
current works, Pediococcus ethanolidurans and
Lactococcus lactis could be clear deviates from the
breakpoints. However, in 46 streptomycin resistant
strains, each strain has different MIC. For Lactococcus
garvieae, Lactobacillus acetotolerans, Lactococcus

lactis and Saphylococcus spp, the MICs for
streptomycin  exceeded the EFSA's breakpoints.
However, for Pediococcus ethanolidurans and

Lactobacillus buchneri, the MICs were less or more
than the EFSA's breakpoints. And strains L. buchneri
S1, P. ethanolidurans S4, L. garvieae L32 and P

ethanolidurans C20 showed very high MIC, even more
than 1024 pg/mL. These results indicated that various
species have different resistances in Sichuan Pickle, and
for the same species, the resistances of different isolates
were different. These differences possibly can be
attributed to resistant gene differences.

The aminoglycoside resistance genes, including
aadA, aadE and ant(6) were not detected in the isolates.
It has been reported that none of the StrA, strB, aadA
and aadE were found in streptomycin resistance strains
of Lactobacilli, Sreptococci, Lactococci and
Leuconostoc species . And in Rojo-Bezareset' report,
some streptomycin resistance strains also did not get
ant(6) gene ™. In the past, the aac(6")-aph(2')
aminoglycoside resistance gene was found only in
Lactobacilli, Pediococci and Oenococcus. Interestingly,
in Pediococcus, Lactococcus and
Saphylococcus in present study. However, no gene has
detected in Lactobacillus acetotolerans may suggest a
new mechanism of resistance, which can be due either
to acquired genes or to the mutation of indigenous
genes.

In our investigation, the relationship between the
MIC values and resistance genes was not found. The

it was found

intrinsic or natural resistance genes’ mutation in the
chromosome might be the reasons why a same species
with same streptomycin resistance genes showed the
different MIC values. In many cases, resistance to

streptomycin at high concentrations has been
documented to be caused by mutations in the
chromosome rpsL gene " 2. Furthermore, the
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‘amount’ of a resistance gene present in all of the
bacteria might be an important reason of the MIC
values distinction. Anderson et al ? indicated that
alteration in the gene copy number provides a simple
way to change expression levels and alter the phenotype.
Therefore, it requires further the mammoth task to
elucidate the complex problem of streptomycin resistance
in the Sichuan Pickle.
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