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 Streptococcus Suis is an important zoonotic pathogen and is gaining attention due to 
emergence of drug resistance and recently reported some deaths of human by this 
pathogen.  Recently, fluoroquinolone (FQ) resistant strains of Streptococcus suis in 
animal as well as in human clinics are increasingly reported worldwide. Up to now 
no study on role of efflux pumps in FQs resistance has been documented, therefore 
we analyzed resistance mechanisms for FQs in stepwise induced mutants of S. suis 
strains. Results showed some resistant strains without alterations within QRDR of 
DNA gyrase enzyme and topoisomerase IV but with a FQs-resistant phenotype. 
MIC of ciprofloxacin, not enrofloxacin against resistant isolates can be reduced by 
adding reserpine. It suggests that there were any efflux pumps contributed to 
ciprofloxacin resistance in S. suis. Furthermore, growth inhibition assays and its 
parallel assays were performed and the results intensively indicated there are any 
efflux pumps in ciprofloxacin resistant strains. Based on the high homology of 
SatA, SatB and SmrA with PatA, PatB and PmrA, which mediated resistance to FQs 
in Streptococcus pneumococcus, thus the mRNA expression level of satA, saB and 
smrAwere investigated. Overexpression of satA and satB was found in 
ciprofloxacin-resistant isolates but expression levels of smrA were not significantly 
changed in resistant strains if compared with their parental sensitive strains. In 
addition, isolates overexpressing satA and satB accumulate significantly less 
ciprofloxacin. In conclusion, all these data represent that SatA and SatB, not SmrA 
play a clinically relevant role in ciprofloxacin resistance. 
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INTRODUCTION 

 
S. suis is the major cause for meningitis, pneumonia, 

endocarditis, arthritis, septicemia or even acute death in 
animals and recently it has emerged as a zoonotic 
pathogen and caused similar infections in humans even 
amongst those who have no history of being in contact 
with swine or pork (Suankratay et al., 2004; Huang et al., 
2005; Tang et al., 2006; Yu et al., 2006; Gottschalk et al., 
2010; Kerdsin et al., 2011). Due to the lack of available 
commercialized vaccines, antibiotic treatment remains to 
be the main pathway to cure infection of S. suis (Higgins 
and Gottschalk, 2006; Feldman and Anderson, 2011; 
Hussain et al., 2012). Use of beta-lactams, macrolides and 
FQs is increasing since last decade and studies have 
shown that various bacterial species including S. suis 

strains have been found multidrug resistant particularly to 
these families of antimicrobials and the resistant strains 
are disseminated worldwide. 

It is generally considered that the substitutions of 
QRDR in GyrA subunit of DNA gyrase and ParC subunit 
of topoisomerase IV were the main causes for high-level 
FQ resistance in S. suis. Over expression of PatA and 
PatB is confirmed to confer low resistance to FQs in 
Streptococcus pneumonia (Robertson et al., 2005; Marrer 
et al., 2006). However, to date, only few studies are 
reported about the efflux pumps contributing to FQs 
resistance in clinical S. suis (Escudero et al., 2011). 
Therefore our study carried out and revealed that ABC 
transporter SatA and SatB, which are homologous to PatA 
and PatB of Streptococcus pneumoniae, can contribute to 
ciprofloxacin resistance in lab-derived S. suis mutants. 
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MATERIALS AND METHODS 
 

Bacterial strains and drugs: Four clinical FQs sensitive 
S. suis strains, JS12, JS13, JS14 and JS18, isolated from 
diseased animals from clinics as previously described by 
Carsenti-Etesse et al. (1999) and all the strains were 
induced by subinhibitory concentrations of ciprofloxacin 
or enrofloxacin. Nine FQs mutants were obtained and 
named as JS12E, JS12B, JS13E, JS13B, JS14E, JS14B, 
JS18E1, JS18E2 and JS18B. Ciprofloxacin, enrofloxacin 
(Sigma-Aldrich) and reserpine (Aladdin, shanghai, China) 
were dissolved according to the manufacturers′ 
instructions and were stored at -70°C prior to use. 
 
MIC measurement: MICs were detected by 
microdilution method as recommended by Clinical and 
Laboratory Standards Institute (CLSI, 2008). 
Staphylococcus aureus ATCC25923 was used as a quality 
control strain. The synergistic effect of reserpine 
(20µg/mL, an efflux pump inhibitor) and FQs were also 
determined. The breakpoints of ciprofloxacin and 
enrofloxacin were ≥4 mg/L. 
 
Growth kinetics and growth inhibition assays: The 
growth kinetics of the isolates JS12, JS13, JS14 and JS18 
and their corresponding resistant strains used in current 
study were determined by screening OD600 every 1 h as 
previously described (Garvey et al., 2011). A little 
modified protocol based on previously described by Beyer 
et al. (2000) was used to assay the growth inhibition by 
ciprofloxacin.  
 
Detection of mutations within the QRDR of gyrA, 
gyrB, parC andparE: Four original strains and five 
artificial induced strains were tested for mutations in 
DNA gyrase and topoisomerase IV by PCR of a total 
volume of 25 µL using the primers listed in Table 1.  
 
PCR amplification of satA, satB, smrA and sequencing: 
Chromosomal DNA from all strains extracted by kit 
following the manufacturer′s instruction and used as 
template to amplify satA, satB, smrA and upstream 
promoter regions of 4 parental strains and corresponding 
resistant strains by using primers shown in Table 1 and 
the obtained PCR products were sequenced at Invitrogen 
(Shanghai, China). 
 
Detection of mRNA expression of related efflux pump: 
The strains JS12, JS13, JS14 and JS18 and their 
corresponding resistant strains were chosen to detect the 

mRNA expression of satA, satB and smrA. All the strains 
were grown overnight in THB supplemented with 5% 
sterile bovine serum at 37°C in a 5% CO2 atmosphere. 
Then the cells were inoculated in THB and grown for up 
to 10 h at 37°C in 5% CO2 with a concentration of 1/4 × 
MIC ciprofloxacin added or not. Bacteria in log phase 
were harvested by centrifugation (12 000 g, 4 for 5 min) 
and the precipitation resuspended in lysozyme (30 
mg/mL) with intense vortex for 30s. Total RNA was 
extracted and purified. Reverse transcription was carried 
out with Transgen Easy Script kit. Primes designed for the 
quantitative amplification of 16S rRNA, satA, satB and 
smrA are shown in Table 1. Real-time PCR was 
performed in an ABI 7300 cycler in 25 µL reaction 
mixtures containing 12.5 µL of ToYoBo SYBR Green 
master mix (2×) and 2 µL of cDNA. The 16S rRNA was 
used as a housekeeping gene to normalize the levels of the 
transcripts. Values of mRNA abundance were expressed 
as the fold change relative to the average value of control 
group. All data were presented as mean±SD, and analyzed 
by one-way ANOVA using SPSS 16.0 for Windows. The 
significance level was set at P<0.05. 
 
Detection of ciprofloxacin concentration in S. suis 
strains: The concentrations of ciprofloxacin in sensitive 
and resistant strains were detected using HPLC method. 
Samples were prepared according to a previously 
described method with slight modifications (Chapman and 
Georgopapadakou, 1988). The concentration of 
ciprofloxacin was determined by HPLC under the 
following conditions: a Kromasil C18 column (150 mm × 
4.6 mm, 5 µm), a flow rate of 1.0 ml/min, and UV 
detection with wavelengths of 277 nm. Accumulation 
experiments were performed three separate occasions. All 
data were presented as mean±SD, and analyzed by one-
way ANOVA using SPSS 16.0 for Windows. The 
significance level was set at P<0.05. 

 
RESULTS  

 
Antibiotic susceptibility: MICs of enrofloxacin and 
ciprofloxacin in the presence and absence of reserpine 
against 4 parental sensitive strains and the corresponding 
lab-derived resistant strains were determined in this study 
(Table 2). The results strongly showed that ciprofloxacin 
MIC values against resistant isolates could be reduced by 
reserpine except JS14E, but the MICs of enrofloxacin 
were not affected by reserpine, which indicated that an 
efflux pump was involved in ciprofloxacin not 
enrofloxacin. However, reserpine could not reverse the

 
Table 1: Primers used to amplify genes 

primers Sequence (5'- 3') Length (bp) 
gyrA CGCCGTATTTTGTATGGGATG/GTTCCGTTAACCAGAAGGTT   377 
gyrB GAAGGAGTGTCCGAATATGG/CTGGTGAAGATGTGCGTGAA   596 
parC AAGGACGGCAACACTTTTGAC/AGTGGGTTCTTTTTCCGTATC   311 
parE TGTGGTGGACGGCATTGTG/CCTCTACTAGCGGTCGCATAT   532 
satA CCGAGAATAACACCGACT/CACAACTTTCAAGGGACG   589 
satB CTCCCTCCCTTTCTGTGT/GTCGGTGGCTTTACTTCC   905 
smrA ATGGCTGCTCAGCTTTCTTT/AACATCCCTTACTTTCAAAT 1319 
16SrRNA AGTAGGGAATCTTCGGCAATG/TTCGGGTGTTACAAACTCTCG 1079 
Qu-16SrRNA GTGAAGAAGGTTTTCGGATCGT/ GTAGTTAGCCGTCCCTTTCTGGT   108 
Qu- satA AACGACCGCCACCATCT/ACGCTCCGCTATTTACC   131 
Qu-satB TCGGCTCCGTATCGTGT/TCGGTGGCTTTACTTCC   231 
Qu-smrA AAGCAGAATTTGAAGGTG/AAGGGCATTAACAGATACCG   156 
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Table 2: The MICs of enrofloxacin and ciprofloxacin against S.suis 
isolates with and without reserpine (ìg/mL) 

strain enrofloxacin Enrofloxacin 
+reserpine ciprofloxacin Ciprofloxacin 

+reserpine 
18     1     1   1   1 
18E1   64   64 32 16 
18E2 128 128 64   8 
18B     4     4 32   2 
12     2     2   2   2 
12E   16   16 16   8 
12B 128 128 64 16 
13        0.5       0.5   1   1 
13E 128 128 64 32 
13B     2     2 32   8 
14       0.5       0.5     0.5      0.5 
14B  16  16      128 32 
14E  32  32   8   8 

 
Table 3: Point mutations of QRDR of gyrA, gyrB, parC and parE in 
induced resistant mutants 

Strains gyrA gyrB parC parE 
12B - - - - 
12E Ser81Arg - Ser79Phe  
13B - - - - 
13E Ser81Arg - Ser79Phe - 
14B - Ser256Phe  - 
14E Ser81Arg  Ser79Phe  
18B - Asp315Asn - Pro278Ser 

18E1 Ser81Arg 
Ser285Leu 

288-291deletion 
Leu554-556Ser 

Ser79Phe - 

18E2 Ser81Arg  Ser79Phe  

 
MIC of ciprofloxacin and enrofloxacin against susceptible 
S. suis strains, suggesting that the intrinsic expression 
levels of this pump in S. suis is really low. 
 
Not all lab-derived resistant strains with mutations in 
QRDR of gyrA, gyrB, parC and pare: In order to detect 
the mechanisms of FQs resistant isolates, the QRDRs of 
gyrA, gyrB, parC and parE were sequenced first. In most 
resistant strains, point mutations were found Ser81Arg of 
gyrA, Asp315Asn of gyrB, Ser79Phe of parC which are 
typical mutations as reported. Interestingly, there were no 
any point mutations detected in resistant strains JS12B 
and JS13B (Table 3). Taking together with MIC results 
and growth inhibition assays, it indicates that efflux pump 
may play an important role in mediating ciprofloxacin 
resistance in these strains.  
 
Growth inhibition assays by ciprofloxacin combined 
with reserpine: Based on the above results that reserpine 
could affect the MIC of ciprofloxacin indicating an efflux 
existed in ciprofloxacin resistant strains, growth inhibition 
assays by ciprofloxacin combined with reserpine were 
determined. As shown in Fig.1A, the adding of reserpine 
stepped down the grown rate of artificial induced bacteria 
in broth with a ciprofloxacin concentration of 1/4 ×MIC, 
whereas in their parent susceptible strains almost no 
differences were observed. Results of parallel assays 
(Fig.1B) further confirmed that, the growth of sensitive 
strains with ciprofloxacin had no relation with reserpine. 
However, the adding of reserpine had evident effects on 
the growth of resistant strains. It was revealed that the 
efflux pump had stronger function in strains resistance to 
ciprofloxacin.  

 

 
 
Fig. 1: Growth inhibition of S. suis by ciprofloxacin at one-fourth the 
MIC (Panel A) and OD600 of S. suis at increasing ciprofloxacin 
concentrations (Panel B) in the presence or absence of reserpine 
 

 
 
Fig. 2: Fold expression of satA and satB relative to that of parent 
susceptible strains respectively, measured by real time RT-PCR. In this 
study, resistant strains with (JS14E, JS14B, JS18B and JS18E2) and 
without (JS12B and JS13B) mutations within QRDR of gyrA, gyrB, parC 
and parE were selected. * P<0.05, ** P<0.01 

 
Overexpression of SatA and satB in the ciprofloxacin-
resistant mutants: Bioinformatics analysis revealed that 
SatA and SatB have close homologues and always occur 

B

A
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Fig. 3: Accumulation of ciprofloxacin (CIP) with or without reserpine (20 µg/ml) by representative isolates of S. suis with overexpression of satA and 
satB. *P<0.05 
 

 
 
Fig. 4: The growth kinetics of a randomly chosen selection of isolates 
consisting of two isolates  that overexpressed satA and satB (JS12B and 
JS13B)and two that did not(JS14E and JS18E2), were determined by 
measuring the optical density (OD600) of cultures over time. 
 
as an operon in S. suis and contributed to ciprofloxacin 
resistance. To determine whether over expression of satA, 
satB and smrA had a correction with ciprofloxacin 
resistance, the mRNA levels of satA, satB and smrA in 
resistant strains was compared with susceptible ones 
(Fig.2). Expression level of satA and satB were rising in 
all mutants regardless ciprofloxacin was added or not. 
Especially in strains JS12B and JS13B induced by 
ciprofloxacin without mutations in the QRDR, the mRNA 
levels of satA and satB were significantly higher than their 
parental susceptible strains (P<0.05). However, 
expression level of smrA was not found significant 
differences in any resistant isolates compared with their 
parental sensitive strains (Data not shown). 
 
Isolates overexpressing satA and satB accumulated 
significantly less ciprofloxacin: To validate that 
overexpression of satA and satB has a correction with 
enhanced efflux function in the resistant isolate, the 
ciprofloxacin accumulation was measured in 3 resistant 
strains with higher expression level of satA and satB. The 
concentrations of ciprofloxacin in all tested resistant 
strains began to decrease after exposing to ciprofloxacin 
for5 to 10 min and significantly lower than those of 
parental sensitive strains (P<0.05). In the presence of 
reserpine (20 µg/ml), ciprofloxacin concentrations were 

significantly increased in resistant strains (Fig. 3). The 
results further confirmed that SatA and SatB played a role 
in decreasing ciprofloxacin accumulation. 
  
No mutations were found in satA or satB or upstream 
promoter regions: To determine whether the decreased 
ciprofloxacin concentration was due to mutations of the 
transporter protein leading to functional change, the 
nucleotide sequences of the satA, satB, smrA and 
promoter region of four parental strains (JS12, JS13, JS14 
and JS18) and corresponding resistant strains (JS12B, 
JS13B, JS14B and JS18B) were determined. The 
nucleotide sequences of those genes in JS12B, JS13B, 
JS14B and JS18B were identical to those of their 
corresponding parent sensitive strains. The results implied 
that the overexpression of satA and satB led to 
ciprofloxacin resistance, not due to occurring mutations in 
satA, satB and their putative promoter regions. 
 
The growth curve of parental sensitive strains and lab-
derived resistant strains: In order to estimate whether 
the overexpression of satA and satB in resistant strains 
may affect their fitness, the growth kinetics of strains with 
overexpressed satA and satB as well as those without 
overexpression were compared. The results (Fig. 4) 
showed that there was no significant alteration in growth 
rates between the two groups (P>0.05). From the result 
presented in this study, it could be indicated that 
overproducing satA and satB could not confer fitness 
costs on the resistant strains. 

 
DISCUSSION 

 
In recent years, drug resistant pathogens are the 

hottest issue worldwide. One of the main reasons for the 
development and spread of resistance pathogen in 
environment is the misuse and overuse of antimicrobials 
in veterinary and human clinics (Khan et al., 2013). The 
resistance mechanism for various antimicrobial is well 
known, but the mechanism involved for the FQs 
resistance in S. suis is seldom reported. No doubt the FQs 
are extensively used in clinics. A number of studies have 
shown that there is no obvious difference in growth 
characteristics between sensitive and resistant strains. 
Hence, it was very important to find out that which 
mechanisms are involved for the development of FQs 
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resistance in S. suis. This study exposed two most 
important and frequent mechanisms responsible for the 
development of FQs resistance in S. suis which were also 
reported to be typical mutations conferring high resistance 
to FQs in other organisms (de la Campa et al., 2003; 
Kawamura et al., 2003; Escudero et al., 2007; Lupien et 
al., 2013). Asp315Asn mutation of gyrB and Pro278Ser 
alteration of parE are similar with those of previously 
found in S. pneumonia (Jones et al., 2000). However, 
mutations of Ser256Phe, Leu554-556Ser and 288-291 
deletion of gyrB have not been reported anywhere. The 
results here implied that mutations in gyrA and parC 
could mediate FQs resistance. In addition, it is very clear 
that these mutations have accumulated through being 
repeated exposure to ciprofloxacin for a prolonged period, 
as it is impossible that such resistant isolates with 
mutations could have emerged after a single exposure. In 
current study, at least five to seven exposures to 
ciprofloxacin or enrofloxacin would be required to gain 
the laboratory-derived mutants. 

Most interestingly, there are no mutations detected in 
some resistant strains, therefore, efflux pump is predicted 
to be the main reason for causing resistance to 
ciprofloxacin based on the results of reserpine reversing 
the ciprofloxacin resistance and inhibition growth assays 
with reserpine. The assay of higher mRNA expression 
level of satA, satB and smrA in ciprofloxacin resistant 
strains and ciprofloxacin accumulation assay further 
proved efflux pump SatA and SatB, not SmrA, are 
associated with ciprofloxacin resistance in S. suis. The 
results are identical with previous reported in clinical 
resistant strains of S. suis (Escudero et al., 2011). Our 
results showed that satA and satB always have similar 
expression tendency in the same strain simultaneous, 
suggesting that SatA and SatB need to interact together to 
make a functional drug efflux transporter, and they may 
work only as heterodimers as previously reported 
(Boncoeur et al., 2012). One more interesting finding here 
was that ciprofloxacin but not enrofloxacin was affected 
by SatAB. The main reason for the difference is due to an 
increased bulkiness of the methylated substituent at 
position C-7 of enrofloxacin which could block 
enrofloxacin crossing from the efflux pump (Escudero et 
al., 2011). It is also relevant from a therapeutic point that 
the selection of mutants with efflux overexpression or 
gyrA/parC mutations were determined by the FQs used in 
clinic. In current study, no obvious changes in growth rate 
were detected in mutants with or without overexpression 
of satA and satB. It is suggested that the overexpression of 
SatA and SatB may carry a low fitness cost to the lab-
derived mutants and therefore the resistant isolates may be 
easily selected under a clinical setting.  
 
Conclusion: It was revealed that overexpression of satA 
and satB adds in the occurrence of ciprofloxacin-
resistance in S. suis isolates and overexpressing satA and 
satB isolates accumulate significantly less ciprofloxacin. 
Results of this study represent that SatA and SatB, not 
SmrA play a clinically relevant role in ciprofloxacin 
resistance. Further studies should be focused on 
characterizing SatAB and find out other possible 
transporters involved in FQs resistance in S. suis using 
mutagenic technology and proteomic methods.  
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