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The present criteria and rules controlling the approval of
the use of probiotics are limited to antibiotic resistance pat-
terns and the presence of antibiotic resistance genes in
bacteria. There is little information available in the literature
regarding the risk of the usage of probiotics in the presence
of antibiotic pressure. In this study we investigated the de-
velopment and transfer of antibiotic resistance in Bacillus
subtilis selected in vitro by chlortetracycline in a stepwise
manner. Bacillus subtilis was exposed to increasing concen-
trations of chlortetracyclineto induce in vifro resistance to
chlortetracycline, and the minimal inhibitory concentrations
were determinedfor the mutants. Resistant B. subtilis were
conjugated with Escherichia coli NK5449 and Enterococcus
faecalis JH2-2 using the filter mating. Three B. subtilis tet-
racycline resistant mutants (namely, BS-1, BS-2, and BS-3)
were derived in vitro. A tetracycline resistant gene, fet (K),
was found in the plasmids of BS-1 and BS-2. Three con-
jugates (BS-1N, BS-2N, and BS-3N) were obtained when
the resistant B. subtilis was conjugated with E. coli NK5449.
The conjugation frequencies for the BS-1IN, BS-2N, and
BS-3N conjugates were 4.57x107, 1.4x107, and 1.3x10°®,
respectively. The tet(K) gene was found only in the plas-
mids of BS-1N. These results indicate that long-term use of
probiotics under antibiotic selection pressure could cause
antibiotic resistance, and the resistance gene could be trans-
ferred to other bacteria. The risk arising from the use of
probiotics under antibiotic pressure should be considered in
the criteria and rules for the safety assessment of probiotics.
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Introduction

Probiotics are being developed rapidly due to increasing de-
mands of environment-friendly husbandry and human food
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safety. For example, probiotics are commonly used in piglet
feeding to stabilize the gut microflora as a preventive measure
during the critical period of weaning (Simon et al., 2007)
and in poultry feeding to enhance broiler performance and
improve intestinal microbial balance (Mountzouris et al.,
2007). Numerous organisms are approved for use in animal
feeding by the authorities of the EU (Anadén et al., 2006)
and the USA (Pendleton, 2000).

Antibiotics are also a popular way of preventing diseases
and improvingproductive performance in animal husbandry
around the world. Probiotics are most likely to be exposed
to an antibiotic either in feeds or in the gastro-intestinal
compartments of animals (Salminen et al., 1998; Siriken et
al., 2003), where the antibiotics create a selective pressure
on the probiotics for the development of resistance. In fact,
antimicrobial resistance in probiotic organisms has been
observed (Temmerman et al., 2003; Milazzo et al., 2006;
Galopin et al., 2009). In recent years, increased focus has
been given to the possibility of resistance transfer from the
probiotics to human and animal pathogens, either directly or
indirectly, via the commensal flora (Mater et al., 2008; Ouoba
et al., 2008). Many antibiotic resistance elements have been
found in probiotics that were used as feed additives. Trans-
poson- or plasmid-borne Tet(B) was found in the Bacillus
cereus stain contained in Esporafeed Plus® (SCAN, 1999).
The Bacillus licheniformis strain in the feed additive AlCare™
was considered unsafe for feeding to pigs because of the
risk of transferring resistance to erythromycin (SCAN, 2002).

Bacillus subtilis is one probiotic that is utilized extensively
for the therapy and prophylaxis of gastrointestinal (GI) bac-
terial disorders in humans (Hong et al., 2008; Sorokulova et
al., 2008) and as amicrobial feed additive in animals (Anadon
et al., 2006; Wannaprasat et al., 2009). In clinical environ-
ments it is possible to develop resistance to antibiotics, but
very limited information is publicly available about anti-
biotic resistance development and transfer. Chlortetracycline
is one of the most effective antibiotic growth promoters,
and it is commonly used in livestock industry in some coun-
tries (Jindal et al., 2006; Piddock et al., 2008). There are lots of
opportunities for B. subtilis to be exposed to chlortetracycline
in different environments. Escherichia coli and Enterococci
are the main facultative anaerobic inhabitants of the fecal
commensal flora in humans and animals. Commensal bac-
teria themselves can cause endogenous infections. Moreover,
the further threat may be the transfer of their resistance to
potentially pathogenic bacteria passing through the gut
(Bruinsma et al., 2003). Some investigators have raised con-
cern over the potential of antibiotic-resistance transfer be-
tween probiotics and pathogenic bacteria in the gastro-
intestinal tract (Salyers et al., 2004). The consequences of
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antimicrobial transferable resistance determinants in enteric
bacteria that cause infections in human are an increased
number of infections and an increased frequency of treat-
ment failures, followed by increased severity of infection
(Kruse and Serum, 1994). For horizontal gene transfer in
bacteria, three mechanisms have been identified: natural
transformation, conjugation, and transduction. Conjugation
is thought to be the main mode of antibiotic resistance
gene transfer over species and genus borders (Salyers and
Shoemarker, 1995; Davison, 1999). Bacterial mating experi-
ments, including the plate mating and filter mating techni-
ques, can be used to detect whether conjugation has occurred
(SCAN, 2003).

At present, most of rules pertaining to the use of probiotics
are limited to the determination of antibiotic resistance pat-
terns and the detection of resistant genes before probiotics
are permitted for marketing. There is little information avail-
able in the literature about the hazard analysis on the risk
of probiotics usage under antibiotic pressure. Because pro-
biotics are often exposed to antibiotics in practice, it is nec-
essary to understand whether adaptive resistant mutation will
occur during the use of probiotics under long-term antibiotic
pressure. It is also necessary to understand whether antibiotic
resistance can be transferred to other bacteria, especially
pathogens or opportunistic pathogens. In this study, we in-
vestigated the emergence and transfer of antibiotic resist-
ance in B. subtilis in the presence of chlortetracycline to
analyze the hazard of antibiotic resistance caused by the
use of probiotics under antibiotic pressure.

Materials and Methods

Drugs and chemicals

Chlortetracycline, tetracycline, doxycycline, gentamicin were
supplied by the Institute of Veterinary Drug Control (China).
Ciprofloxacin hydrochloride, oxytetracycline and rifampicin
were obtained from the National Institute for the Control
of Pharmaceutical and Biological Products (China).

Bacteria

Bacillus subtilis ATCC 6633, which is sensitive to most an-
tibiotics (including tetracycline), was obtained from the
American Type Culture Collection (USA). E. coli NK5449
(CGMCC NO. 1.1437) obtained from the China General
Microbiological Culture Collection Center (CGMCC) is ri-
fampicin resistant and was usually used as conjugation
recipient. The MIC of rifampicin against E. coli NK5449
was 2200 pg/ml. E. faecalis JH2-2 (resistant to rifampicin,
MIC>50 pg/ml), obtained from the Belgian Co-ordinated
Collections of Micro-organisms (BCCM/LMG), was also
used as a recipient in mating experiments.

B. subtilis ATCC 6633 was aerobically cultured at 37°C in
nutrient broth (peptone 10 g, beef extract 5 g, sodium
chloride 5 g, H,O 1000 ml, pH 7.4+0.2). E. coli NK5449
was cultured at 37°C in nutrient broth. E. faecalis JH2-2
was grown in trypticase soy broth (Oxoid, UK). Mueller-
Hinton agar (MHA) (Oxoid) with varying concentrations
of tetracycline and other tested drugs was used for the de-

termination of MICs.

Determination of MICs

The MICs of antibiotics were tested by the dilution method
in Mueller-Hinton agar according to the method described
by the Clinical and Laboratory Standards Institute (CLSI,
2008). E. coli ATCC 25922 and E. faecalis ATCC 29212
were used as quality control organisms. Criteria for identi-
fying Bacillus strains with acquired resistance to tetracy-
cline were applied by SCAN (2003). Consequently, 16 pug/ml
was used as the breakpoint concentration, where strains
with a tetracycline MIC greater than 16 pug/ml were consid-
ered to be resistant mutants.

Selection of resistant B. subtilis by chlortetracycline

The selection of resistant mutants was performed according
to the multistep method, as described previously (Mushtaq
et al., 2004). In brief, 50 ul of B. subtilis cultures for which
the density reached 10° CFU/ml were added to 5 ml fresh
nutrient broth with chlortetracycline at one-half the MIC
and then cultured overnight at 37°C. Fifty microliters of
these cultures were subsequently transferred after overnight
incubation to fresh tubes of broth containing either an in-
creasing concentration of antibiotic (MIC, 2MIC, 4MIC,
8MIC, 16MIC, 32MIC) or fresh broth containing no anti-
biotic (to serve as a positive control). This process was re-
peated until the bacteria ceased to grow at a given concent-
ration. The MICs of other drugs tested for B. subtilis were
determined at the beginning and the end of the selection
process. To obtain stable mutants, representative clones of
resistant strains were subcultured in antibiotic-free nutrient
agar plate for 10 serial passages. Then, the MICs of the stable
mutants were determined by the CLSI dilution method as
described above. Three stable mutants (MIC=32 pg/ml)
were chosen as donors for transfer assay in vitro.

Mating experiments

Conjugation of tetracycline resistance was carried out uti-
lizing the method of filter mating (Christie et al., 1987).
Conjugation of chlortetracycline-resistant B. subtilis and E.
coli NK5449 was performed on nutrient agar containing
100 ug/ml rifampicin and 32 pg/ml chlortetracycline. A
portion of the mating mixture was also serially diluted and
spread on chlortetracycline-containing (32 ug/ml) plates.
The transfer frequency was the ratio of transconjugants to
B. subtilis cells.

The transfer of tetracycline resistance between B. subtilis
and E. faecalis JH2-2 was performed according to the pro-
cedure described above, with the exception that the selection
of transconjugants was performed on brain-heart infusion
agar (Oxoid) containing rifampicin (50 pug/ml) and chlorte-
tracycline (32 pug/ml). All mating experiments were repeated
three times.

Transconjugants and recipients were confirmed by tradi-
tional biochemical assays. The genotypic characterization
of the transconjugants was identified by the RiboPrinter®
Microbial Characterization System (Qualicon, USA). The
stability of the transferred resistance was assessed by trans-
ferring transconjugants for 10 serial passages in culture with-
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Table 1. Primers for PCR amplification of tetracycline resistant genes in B. subtilis

Gene GenBank No. Primer name Primer sequence (5'-3") Productlength (bp) Annealing temperature (°C)
tet(L) 216835 pNS1981(S) CCGAAATCGGAAGTGTAAT 218 53.0
pNS1981(A) GAACGAAAGCCCACCTAA
tet(L) 532329 tetBSR(S) CCTGGTAGCAATGGGAGA 119 55.0
tetBSR(A) TAAGGAATGGAACGGTGA
tet(L) 40207 GSY908(S) CACAGTCAACTTTACGGCACA 314 56.0
GSY908(A) TCGGGCTAGAATGAGAATAGGA
tet(K) 9507372 PNSIL(S) GGGGAATAATAGCACATT 308 49.3
pNS1(A) ACCAAGCATAAACGGAAT

out antibiotics. The MICs of tetracycline and other drugs
for the transconjugants were determined by the dilution
method described above.

DNA extraction and PCR

The plasmid DNA of B. subtilis and the mutants was ex-
tracted using the Ultra-pure Mine-Plasmid Rapid Isolation
Kit for G" (Biodev, China), and the plasmid DNA of E. coli
and transconjugants was extracted using the B-Type Mini-
Plasmid Rapid Isolation Kit (Biodev). The genome DNA of
the donors, recipients and transconjugants was extracted
using the Axyprep Bacterial Genomic DNA Miniprep Kit
(Axygen Biosciences, USA). DNA template (1.0 pl) was added
to a PCR mixture containing 10 mM Tris-HCI (pH 8.8),
1.5 mM MgCl,, 50 mM KCl, each deoxynucleoside triphos-
phate at a concentration of 200 uM, 0.4 uM each of sense
and antisense primer (Sangon, China), and 1 U of Taq
DNA polymerase (Dongsheng Biotech, China). Amplifications
were carried out by using one thermal cycle consisting of 5
min at 95°C, followed by 35 cycles consisting of 1 min at
94°C, 1 min at different annealing temperature according
to different primers (Table 1), and 30 sec at 72°C. The final
cycle consisted of 72°C for 10 min. Four primers were de-
signed according to the sequences of two types of tetracy-
cline resistant gene in B. subtilis, tet(L) and tet(K), which
were published in the GenBank Database. The sequences of
the products were determined by Sangon Biotech Co., Ltd
(China).

Results

MIC:s of resistant strains of B. subtilis induced by chlorte-
tracycline

Three typical chlortetracycline resistant B. subtilis mutants,

Table 2. The MICs of drugs for strains used in this study

namely BS-1, BS-2, and BS-3, were obtained as a result of
the selection process. The chlortetracycline MICs for all
three B. subtilis mutantswere higher than the breakpoint of
16 ug/ml (Table 2 and SCAN, 2003). The MIC of BS-1 in-
creased 4-fold after 21 passages and 16-fold after 34 passages.
However, 4-fold increases in the MIC were observed for
BS-2 and BS-3 after 24 and 28 passages, respectively. The
MIC:s of tetracycline, oxytetracycline, doxycycline were also
higher than the breakpoint, while the MICs of four tetracy-
clines for the growth control strain BS-0 were much lower
than the breakpoint. This observation demonstrates that all
three mutants of B. subtilis were resistant to four tetracy-
clines, and chlortetracycline resistant B. subtilis had cross-
resistance to other tetracyclines. The susceptibility of the
mutantsto gentamicin and ciprofloxacin did not change
compared to that of the parent strain (shown in Table 2).
The MICs for the three resistant B. subtilis strains after ten
passages on nutrient plates without antibiotics did not change
(data not shown), indicating that the chlortetracycline re-
sistance of B. subtilis mutants was stable.

Conjugation transfer between resistant B. subtilis strains
and recipients

Three transconjugants, BS-1N, BS-2N and BS-3N were ob-
tained in all the three conjugation experiments conducted
between BS-1, BS-2, BS-3, and E. coli NK5449. Phenotypic
analysis of the three transconjugants and recipient showed
that they were Gram-negative but different from the donors.
All of the transconjugants showed the same catabolic profile
as the recipient E. coli NK5449. They were all lysine decar-
boxylase, mannitol, glucose, maltose positive and lactose
negative. The characteristic of lactose negativity is specific
to E. coli NK5449 and distinct from other E. coli consequently,
it can be used to verify the transconjugants without con-
tamination of other E. coli. The riboprint patterns from the

MIC (pg/ml)

Strains

CTC TC OTC DC GEN CIP RIF
BS-0 8 4 8 4 0.25 0.125 0.031
BS-1 128 64 64 64 0.25 0.125 0.031
BS-2 32 32 32 32 0.25 0.125 0.031
BS-3 32 16 32 32 0.25 0.125 0.031
NK5449 8 4 8 4 0.5 0.031 200
BS-IN 64 32 64 32 0.5 0.031 200
BS-2N 32 32 16 16 0.5 0.031 200
BS-3N 32 16 16 32 0.5 0.031 200

*CTC, chlortetracycline TC, tetracycline OTC, oxytetracycline DC, doxycycline GEN, gentamicin CIP, ciprofloxacin hydrochloride RIF, rifampicin
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RiboPrint™ Pattern
Similarity Label 5

1 kbp 10 15 50
R FREBAD LAl
1 088 Escherichia coli
2 084 NK5449 I '
3 083 BS-IN l '
4 083 BS-2N
L ng2 BS-3N

Fig. 1. Three conjugates (BS-1N, BS-2N, and BS-3N) ribopatterns were
compared with the patterns from E. coli NK5449.

EcoRI enzyme further verified that the three transconjugants
were E. coli NK5449 with pattern similarity greater than
95% (Fig. 1). The conjugation frequencies of BS-1, BS-2,
and BS-3 with E. coli NK5449 were 4.57x107, 1.4x107, and
1.3x10°8, respectively. The MIC values (Table 2) of the tet-
racyclines showed that all of the transconjugants displayed
MICs of =6 ug/ml, higher than that of E. coli NK5449, in-
dicating that the transconjugants acquired resistance to tet-
racyclines from the donor. Three transconjugants remained
susceptible to gentamicin and ciprofloxacin. After the trans-
conjugants had been serial transferred three times on the
nutrient plates lacking antibiotics, the MICs returned to
the same level as that of NK5449 (data not shown). This in-
dicates that the chlortetracycline resistance of the transcon-
jugants was not stable in the absence of selective pressure.
Transconjugants were not successfully obtained by filter
mating between three B. subtilis mutants and E. faecalis
JH2-2 (results not shown).

Identification of chlortetracycline resistant gene in B. sub-
tilis mutants and transconjugants

The tet(K) gene was amplified in the plasmid DNA tem-
plate from BS-1, BS-2, and transconjugant BS-1N (Figs. 2
and 3), but it was not amplified in genomic DNA. No DNA
could be amplified with primers specific for the tet(L) gene
(which is mainly responsible for tetracycline resistance in
B. subtilis mutants) and the total DNA (plasmid DNA and
genomic DNA) of all B. subtilis strains and transconjugants
as a template. This result indicated that BS-1 and BS-2 har-
bored plasmids carrying the tet(K) gene, which conferred
chlortetracycline resistance to B. subtilis. BS-1N with trans-
ferred marker indicated that the tet(K) gene could be trans-
ferred from B. subtilis to E. coli by conjugation. The lack of
amplification products from BS-3, BS-2N, and BS-3N in-
dicates that these strains may contain some other potential
resistance genes other than tet(K) and tet(L).

Fig. 2. Gel electrophoresis
of PCR products of the plas-
mids in B. subtilis with pri-
mer pNSI1. BS-0 represents
chlortetracycline sensitive B.
subtilis strain. BS-1, BS-2,
and BS-3 represent three
resistant mutants.

BS-1N  BS-2ZN BS-3N Marker

Fig. 3. Gel electrophoresis of PCR products of the plasmids in receipt
and transconjugants with primer pNS1.

Discussion

Adaptive mutation phenomena often occur when bacteria are
cultured in the presence of a selective agent (Foster, 2007).
In this study, we found that resistant B. subtilis mutants
could be obtained when a sensitive strain was incubated
with chlortetracycline. It took approximately 15 passages
for three resistant B. subtilis mutants to increase the chlor-
tetracycline MIC from 8 pg/ml to 16 pg/ml. This result
demonstrated that the development of B. subtilis resistance
to chlortetracycline requires a long time exposure to the
antibiotic. The tet efflux genes coding for membrane-asso-
ciated proteins that export tetracycline from the cell, Te#(K)
and Tet(L), are found primarily in Gram-positive species,
such as B. subtilis (Chopra and Roberts, 2001). Moreover,
the tet(L) gene is usually reported to confer tetracycline re-
sistance to B. subtilis (Hoshino et al., 1985; Sakaguchi et al.,
1988). However, we found that two of three mutants carried
the fet(K) gene in a plasmid but not the tet(L) gene. This
finding indicates that the occurrence of resistance to chlor-
tetracycline in B. subtilis is caused by tet(K) which, which
is responsible for the efflux of tetracyclines. In addition, we
were unable to observe fet(K) or tet(L) genes carried on a
plasmid or on the chromosome of the third mutant B. subtilis.
This finding implies that an unknown gene may confer re-
sistance to tetracyclines in B. subtilis. This novel mechanism
of resistance requires further analysis.

Reports of the conjugative transfer of antibiotic resistance
genes between Bacillus species and other bacteria are rare
(Trieu-Cuot et al., 1987; Bertram et al., 1991). Trieu-Cuot et al.
(1987) found that the prototype vector constructed plasmid,
pAT187, which contains a kanamycin resistance gene, was
successfully transferred to Enterococcus faecalis, Streptococcus
lactis, Streptococcus agalactiae, Bacillus thuringiensis, Listeria
monocytogenes, and Staphylococcus aureus by filter mating
at frequencies of 2x10® to 5x107. An E. coli strain carrying
Tn916 yielded transconjugants with Bacillus subtilis, Clostri-
dium acetobutylicum, Enterococcus faecalis, and Streptococcus
lactis subsp. diacetylactis by mating at frequencies of 10™ to
10 (Bertram et al., 1991). In fact, naturally occurring plas-
mids in Bacillusspecies are common, and many of them
encode conjugative or mobile elements (Hong et al., 2005).
Approximately 30% of B. subtilis strains carry small cryptic
plasmids, and all of the small cryptic plasmids found in the
soil isolates of B. subtilis contain the mob gene, which me-
diates gene transfer, suggesting that the conjugal transfer of



bacillus plasmids is widely spread in nature (Meijer et al.,
1998; Prozorov, 2003).

E. coli, a type of opportunistic pathogen, is very common in
the intestinal tract and environment. Evidence is accumu-
lating to support the hypothesis that intestinal bacteria not
only exchange resistance genes among themselves but might
also interact with bacteria that are passing through the colon,
causing these bacteria to acquire and transmit antibiotic re-
sistance genes (Levy and Marshall, 2004; Salyers et al., 2004).
If E. coli obtains chlortetracycline resistance genes from B.
subtilis and then transfers these genes to other bacteria
passing through the colon, it may cause an accumulation of
tetracycline resistant genes in the environment, which rep-
resents a great potential threat for the treatment of animal
and human diseases. Therefore, when considering all current
evidence for the potential donor and recipient, it may be
suggested that B. subtilis can act as a reservoir of acquired
antimicrobial resistance genes that can be transferred to
other bacteria.

In the present study, no conjugation between the intra-
species B. subtilis and E. faecalis occurred under the experi-
mental in vitro conditions (data not shown). This result
differed from the previous finding, which demonstrated
the transfer of tetracycline resistance from B. subtilis cells
carrying tetracycline-resistance plasmid pCF10 to S. faecalis
strains in filter matings (Christie et al., 1987). It is possible
that restriction- modification systems limit gene exchange
between the two bacteria, or the mismatch-repair system
inhibits interspecies recombination (Matic et al., 1996).

Exposure of probiotics to antibiotics often occurs in human
and animal intestinal tracts and in the environment. One
of the problems with probiotic usage in humans is that
probiotics are prescribed as an adjunct to antibiotics in some
countries. This is a common practice in Southeast Asia,
where probiotic bacteria are used to limit the side effects of
antibiotics (Hong et al., 2005). In animal feeding practice,
probiotics are commonly used with antibiotics as growth
promoters to provide additional benefits. This latter usage
may be very dangerous—it might lead to the emergence of
resistant mutants and the transfer of resistant genes to patho-
gens or opportunistic pathogens. The emergence of such
mutants may pose a great risk to animal health and, ulti-
mately, to human health.

A number of rules and criteria have been created to ensure
the safety of probiotics with respect to antibiotic resistance by
different international organizations and countries. Guidelines
for the Evaluation of Probiotics in Food were issued by
FAO/WHO, which noted that the antibiotic resistance pat-
terns of all probiotics should be determined before they are
approved for marketing (FAO/WHO, 2002). The criteria
for the safety assessment of probiotic antibiotic resistance
issued by Europe are one of the strictest sets of rules in this
category (SCAN, 2003). According to the European criteria,
all bacteria products used as feed additives must be examined
to establish the susceptibility of the component strains to a
relevant range of antibiotics. This criterion states that the
MIC:s of the probiotics should be lower than the breakpoints,
or that the resistance has been proven to be intrinsic and
thus would not be transferred to other bacteria. However, the
risk of antibiotic resistant gene transfer between probiotics
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and other intestinal bacterial under long-term exposure to
antibiotics has not been considered in all sets ofcriteria and
rules until now. In this study, we found that tetracycline-
sensitive B. subtilis strains could develop resistance when
they were incubated with chlortetracycline over time and
that their resistance could be transferred to E. coli. As stated
above, probiotics have a number of opportunities to be ex-
posed to antibiotics in practice. This exposure may lead to
the emergence of antibiotic resistance and gene transfer be-
tween pathogens or opportunistic pathogens. Considering
the prevalence of resistant genes, we suggest that safety assess-
ment regarding the exposure of probiotics to antibiotics for
a long period of time should be performed before probiotics
are approved. The model used in this study is simple. A
more complicated model such as a gnotobiotic animal model
could be considered to enhance this assessment (Jacobsen
et al., 2007).
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