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Introduction 

 

Salmonella enterica subsp. enterica serovar 

Abortusovis, a sheep-specific serovar, is the 

main cause of ovine abortions, stillbirths, 

and illness in lambs infected at birth in 

ovine flocks in some countries of Europe 

and also in Western Asia (Jack, 1968; 

Pardon et al, 1988; Uzzau et al., 2000). 

Sometimes it is difficult to make a 

treatment with antibiotics during an 

outbreak because the rate of multidrug-
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of DnaK and GroEL molecular chaperones with the stress response induced by antibiotics 

has been mentioned for the most frequently isolated serovar, S. enterica subsp. enterica 

Typhimurium, but similar studies on S. Abortusovis were not published, so far.  In the 
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resistance has increased considerably in 

recent years (Pardon et al., 1988). This may 

be a result of selective pressure, such as the 

intensive use of antibiotics for therapeutic 

needs but also for growth promotion 

(prophylactic) in farm animals. Many of the 

antimicrobials used for the animal diseases 

are identical or related to those used to 

treat infections among humans and the 

antimicrobial resistance of bacteria in 

animals (as in humans) may arise rapidly 

due to inappropriate use of antibiotics. 

 

A stress response is a mechanism which 

protects bacterial polypeptides from 

misfolding and aggregation in the highly 

crowded cellular environment (Gomes and 

Simão, 2009). In bacteria, the major 

molecular chaperones, DnaK/DnaJ and 

GroE (GroEL and GroES) are involved in 

the quality control of the cells. Several 

reports have shown that GroEL/GroES and 

DnaK/DnaJ are induced during various 

environmental conditions (heat shock, 

acidic pH, oxidative stress, osmotic and 

saline stress, UV radiation, ethanol, 

antibiotics, heavy metals, and aromatic 

compounds) in some pathogenic bacteria 

(e.g. Salmonella enterica subsp. enterica 

serovar Typhimurium, E. coli, Brucella, 

Lactococcus lactis, Caulobacter crescentus, 

Acinetobacter baumannii, A. calcoaceticus) 

(Morgan, 1986; Blaszczak  et al., 1995; 

Bianchi and Baneyx, 1999; Benndorf  et al., 

1999; Benndorf  et al., 2001; Prasad et al., 

2003; Susin et al., 2006; Vanghele et al., 

2013). 

 

However, the importance of these 

chaperones for stress response in 

Salmonella enterica subsp. enterica serovar 

Abortusovis has not been comprehensively 

studied. In this study, the expression of 

DnaK and GroEL in multiresistant 

Salmonella Abortusovis, after exposure to 

heat shock and different antibiotics, was 

estimated by Western blot and quantitative 

real time RT-PCR and the results have been 

compared with those of bacteria grown 

under normal conditions. 

 

Materials and methods 

 

Bacterial strains and growth conditions; 

determination of Minimum Inhibitory 

Concentrations (MICs)  

 

A multi-resistant strain S. Abortusovis 205 

(Table 1) obtained from the Bacteriology 

Department, IDAH (Institute for Diagnosis 

and Animal Health), Romania, was used in 

this study. This strain was confirmed as 

Salmonella Abortusovis by standard 

serotyping procedures in accordance with 

the Kauffmann-White scheme (Grimont & 

Weill, 2007) and PCR amplification of 

serovar-specific IS200 element (Beuzón C. 

R. et al., 1997). Salmonella cells were 

grown in buffered peptone water (BPW) 

under aerobic conditions for 21 h at 37°C. 

The determination of Minimum Inhibitory 

Concentration (MIC) was done by Broth 

Microdilution assay according to CLSI 

guidelines (Clinical and Laboratory 

Standards Institute, 2005).

 

Table 1: Antimicrobial susceptibility of S. Abortusovis 205 

 
Antimicrobials MIC (µµµµg/ml) 

 

Nalidixic acid (NA) 

Streptomycin (S) 

Kanamycin (K) 

Tetracyclin (TE) 

Gentamicin (CN) 

 

 

64 

32 

8 

64 

0.5 

 

 
The antimicrobial agents tested were 

purchased by Oxoid (UK) and were the 

following: nalidixic acid, gentamicin, 

kanamycin, streptomycin and tetracycline. 

In parallel with the untreated culture 

(control culture) mentioned above, the 

stress conditions were induced by 

exposure bacterial cells to heat shock (37°C 
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to 42°C temperature shift for 15 min) and 

subinhibitory concentrations of various 

antibiotics (nalidixic acid 45µg ml-1, 

gentamicin 0.37 µg ml-1, kanamycin 6 µg 

ml-1, streptomycin 22 µg ml-1 and 

tetracycline 45 µg ml-1) for 30 min at 37°C. 

 

Western blot analysis (immunoblot) 

 

Proteins were extracted with Bio Rad 

Ready Prep Protein Extraction kit and the 

identical protein concentration, as well as 

Broad Range molecular weight standard 

(Bio-Rad) were applied on polyacrylamide 

(PAA) gel. After electrophoresis, proteins 

were transferred to a PVDF (polyvinylidene 

difluoride) membrane using Semi-Dry 

Transfer Cell (BioRad) according to the 

instructions recommended by the 

manufacturer. In parallel, the gels were 

stained with 0.1% Coomassie Brilliant Blue 

R-250 for the control of electrophoresis. 

We used a solution containing methanol, 

acetic acid and water (4:1:5) to destain 

SDS-PAGE gels. The mouse monoclonal 

antibodies anti-GroEL and anti-DnaK were 

purchased from Stress Gen Biotechnologies 

Corporation. Detection of stress proteins 

was done with Immun-Blot Assay kit 

(BioRad). 

 

Survival assays 

 

S. Abortusovis 205 was grown in BPW for 

21 h at 37°C and aliquots of culture were 

pretreated for 30 min with heat shock at 

39°C and then exposed to stress caused by 

a subinhibitory concentration of 45 µg 

nalidixic acid ml-1. The cultures were 

diluted after treatment and plated on 

Mueller Hinton agar to determine the 

number of viable bacterial cells. 

 

RNA extraction and reverse transcription 

(RT) 

 

RNA was stabilized in RNAprotect Bacteria 

Reagent (Qiagen). Extraction of total RNA 

from the bacterial cultures was performed 

with the Qiagen RNeasy Mini Protocol. The 

samples were treated with DNase I solution 

(RNase-Free DNase Set, Qiagen) and the 

absence of residual DNA contamination 

was confirmed by PCR. The quantity and 

purity of the total RNA were measured 

with a Bio Photometer Eppendorf. 

Complementary DNA (cDNA) was 

generated from total RNA with M-MLV RT 

according to the manufacturer’s 

instructions (Promega) using 2 µM of each 

reverse primer and 100 ng total RNA (50 µl 

final volume).  

 

Controls for semi-quantitative and 

quantitative RT-PCR 

 

 S. Abortusovis 205 grown in BPW in 

normal conditions was used as positive 

control. No-template controls were used 

for in vitro experiments as negative 

controls. A housekeeping gene (16S rRNA 

gene) was chosen as internal control for 

the normalization of cDNA samples in 

semi-quantitative RT-PCR analysis. This 

gene was used as a reference in real time 

quantitative RT-PCR, because its 

expression is relatively constant in 

bacteria.  

 

Real time quantitative PCR (qPCR) and 

semi-quantitative PCR  

 

Transcript detection analysis was carried 

out by real time quantitative PCR (qPCR) 

with HotStarTaq DNA Polymerase 

(Qiagen). Selected genes were amplified 

from normalized cDNA samples (5 µl) with 

specific primers (0.8 µM of each primer) 

and probes (0.5 µM each probe) for 

Salmonella dnaK gene (accession no. 

U58360.1) and groEL gene (accession no. 

1255856) were designed in this study with 

Primer3 software v.0.4.0: dnaK-Salm-FP 

5’accggtaactgaagccgtta3’; dnaK-Salm-RP 

5’cgccatcaacttcgtcgatt3’; dnaK-Salm-P 

5’FAM-gctggcttacggtctggata-TAMRA3’; 

groEL-Salm-FP 5’tgcaggatatcgctaccctg3’; 

groEL-Salm-RP 5’ctggatggcagcttcttcac3’; 

groEL-Salm-P 5’FAM-

acaccaccaccatcatcgat3’. The specific 

primers and probe for 16S rRNA gene 

(accession no.L26168) were designed by 

Vanghele (2013). For the semi-quantitative 

PCR, the amplicons were analysed on 1.5% 

agarose gel and visualized by ethidium 

bromide staining. Amplification program 

(iQ5 Real Time PCR System-BioRad): 15 

min at 98°C, then 50 cycles of 35 s at 95°, 

45 s at 56°C and 30 s at 70°C. The final 

extension was performed for 5 min at 70°C. 
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Relative transcriptional level was 

determined by the method of 2−∆∆Ct (Livak 

and Schmittgen, 2001). 

 

Statistics 

 

Three replicates were used for each 

experiment. The relative transcription of 

the genes and the quantification of the 

proteins were calculated as the mean ± the 

standard deviation (S.D.)  

 
Results and discussion 

 

The rapid emergence of Salmonella strains 

that are resistant to commonly used 

antimicrobials should be particularly noted 

by clinicians, microbiologists and those 

responsible for the control of 

communicable diseases, as well as the food 

producers and farmers. Control of drug-

resistant Salmonella is most efficiently 

achieved through the reduction of 

antimicrobial use, but another solution 

could be the development of novel 

antimicrobials. There is evidence that the 

bacterial molecular chaperones may be 

interesting therapeutic targets for novel 

molecules able to kill the resistant strains 

of Salmonella (Cardoso et al., 2010). For 

instance, pyrrhocoricin is able to kill 

tetracycline- and aminoglycoside-resistant 

strains of E. coli, Salmonella Typhimurium, 

Klebsiella pneumoniae, Haemophilus 

influenzae and Moraxella catarrhalis (Cudic 

et al., 2002).  

 

In order to understand the role of 

molecular chaperones in antibiotic 

tolerance, the induction of DnaK and GroEL 

in S. Abortusovis cells under stress caused 

by heat shock and by various antibiotics 

was analysed at the transcriptional and 

translational levels and compared with 

bacteria grown under the normal 

conditions. 

 

Previous studies on various bacteria, such 

as  Escherichia coli, Salmonella 

Typhimurium, Staphylococcus aureus, 

Klebsiella pneumonia, Haemophilus 

influenza, Moraxella catarrhalis, except 

Salmonella Abortusovis, demonstrated the 

induction of the molecular chaperones 

under stress caused by antibiotics (Kragol 

et al., 2001; Singh et al., 2001; Yamaguchi 

et al., 2003; Cardoso et al., 2010). Cardoso 

et al. (2010) showed that molecular 

chaperones are upregulated at the 

transcriptional and translational levels by 

various antibiotics, which could increase 

the ability of bacterial cells to cope with the 

cell demage caused by antibiotics with 

other antibiotic-resistance machinery to 

maintain cell survival. 

 

In order to analyse the role of molecular 

chaperones during the antibiotic response 

in S. Abortusovis, DnaK and GroEL 

expression was determined in bacterial 

cells incubated with subinhibitory 

concentrations of various antibiotics, also 

during heat shock. The expression of DnaK 

and GroEL was analysed at the 

transcriptional and translational levels by 

real time RT-PCR and Western blot using a 

multiresistant strain of S. Abortusovis, 205.  

 

To estimate the translation level of DnaK 

and GroEL molecular chaperones, a 

Western blot assay was carried out for 

each selected gene. The levels of 

DnaK/GroEL protein expression for 

bacterial cells in normal conditions were 

used as positive controls. DnaK and GroEL 

proteins were identified by Western blot. 

The proteins cross-reacted with the 

specific antibodies with the strong 

reactions as shown in Figure 1 and Figure 

2. The quantification of the bands intensity 

for DnaK and GroEL proteins from Western 

blots was done with UN-SCAN-IT gel 

software.
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Figure 1: Western blot analysis of DnaK (A) and GroEL (B) expression in S. Abortusovis 

cells after exposure to various antibiotics 

 

Lane 1: SDS-PAGE Molecular Weight 

Standard (kDa) (S); lane 2: normal 

conditions (N); lane 3: gentamicin (CN); 

lane 4: kanamycin (K); lane 5: streptomycin 

(S); lane 6: tetracycline (TE); lane 7: 

nalidixic acid (NA). 

The translation levels of DnaK and GroEL 

proteins were increased after exposure to 

heat shock at 42°C (Figure 2). 

                                                

 
 

Figure 2: Western blot analysis of DnaK (A) and GroEL (B) expression in S. Abortusovis 

cells after heat shock. 

 
Lane 1: SDS-PAGE Molecular Weight 

Standard (kDa) (S); lane 2: normal 

conditions (N); lane 3: heat shock (42°). 

 

The protein levels corresponding to DnaK 

as a response of S. Abortusovis to 

gentamicin, streptomycin and kanamycin 

are different depending on antibiotic 

(Figure 3). DnaK protein amount was 

increased after the incubation with 

nalidixic acid and tetracycline, 

approximately 4-fold higher than those 

observed in control culture (without 

antibiotic). 
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Figure 3: DnaK and GroEL proteins quantification by densitometric scanning of the 

membranes shown in Fig. 1 (average pixel) 

 
 
 Different antibiotics induce the expression 

of the DnaK and GroEL proteins in S. 

Abortusovis: (N) normal conditions, (CN) 

gentamicin, (K) kanamycin, (S) 

streptomycin, (TE) tetracycline,  (NA) 

nalidixic acid. 

 

GroEL protein is up-regulated when S. 

Abortusovis was exposed to all 

antimicrobial drugs. There is a similar 

pattern of GroEL and DnaK protein 

expression in the presence of nalidixic acid 

and tetracycline. The GroEL protein level 

increased drastically after the exposure to 

the aminoglycoside antibiotics (gentamicin 

and kanamycin) (about 6-fold) (Figure 3). 

In contrast, the level of GroEL after the 

exposure to another aminoglycoside 

(streptomycin) was increased 1.5-fold as 

compared to DnaK protein level. The low 

level of GroEL expression after exposure to 

streptomycin as compared with other 

aminoglycosides suggests that there is not 

a common mechanism for a certain group 

of antibiotics, because the involvement of 

the two molecular chaperones in antibiotic 

resistance is different. 

 

A sensitive method for quantification of the 

gene expression, quantitative real time RT-

PCR, was performed in parallel with 

Western blot experiments to determine the 

transcription levels of the dnaK and groEL. 

The dnaK and groEL genes were amplified 

from normalized cDNA samples. The 

relative transcription (R) was calculated by 

using three replicates for each real time 

qRT-PCR experiment (Table 2).
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Table 2:  Transcription of dnaK and groEL measured by real time qRT-PCR  in S. 

Abortusovis in stress conditions caused by heat shock and various antibiotics: N: normal 

conditions; CN: gentamicin; K: kanamycin; S: streptomycin; TE: tetracycline; NA: nalidixic 

acid; R: relative transcription determined by the method of 2
−−−−∆∆∆∆∆∆∆∆Ct (Livak and Schmittgen, 

2001) ±±±± standard deviation (S.D.) of three replicates 

 
- Relative transcription (R ) 

Normal 

condition

s (N) 

Heat (42°°°°) Gentamicin 

(CN) 

Kanamycin 

(K) 

Streptomycin 

(S) 

Tetracyclin

e 

(TE) 

Nalidixic acid 

(NA) 

dnaK 1±0.52 2.32±0.46 1.7±0.04 2.24±0.07 2.6±0.16 4.1±0.62 4.9±0.65 

groEL 1±0.24 7.4±0.8 6.1±0.33 5.9±0.09 1.6±0.14 4.4±0.16 5.2±0.22 

 
Although RNA dnaK presented a small 

difference between the expression levels 

observed after exposure to various 

antibiotics, the DnaK chaperone was highly 

induced by the three aminoglycoside 

antibiotics (gentamicin, streptomycin and 

kanamycin). The results of real time qRT-

PCR of dnaK gene showed an increase of 

transcription approximately 1.5-fold after 

30 min in the presence of gentamicin. The 

RNA dnaK level, as a response of S. 

Abortusovis to streptomycin and 

kanamycin is different depending on 

antibiotic (2.5-fold and, respectively 2-fold 

higher than those observed in control 

culture). The level of the dnaK transcript 

for nalidixic acid and tetracycline was 

approximately the same with the DnaK 

protein, also for the temperature shift at 

42°C (Table 2). In contrast with the 

Western blot analysis, the levels of 

induction of groEL gene presented small 

variations depending on the antibiotic 

(Table 2). 

 

The results for DnaK and GroEL molecular 

chaperones are confirmed by real time 

qRT-PCR method that showed a major 

increase in the level of dnaK and groEL 

transcripts in all experiments with 

antibiotics. These results suggest that the 

DnaK and GroEL molecular chaperones 

levels depend on genes transcription.  

 

In order to evaluate the sensitivity of S. 

Abortusovis to the antibiotic stress, the 

bacterial cells were pretreated for 30 min 

at 39°C and then exposed to a 

subinhibitory concentration of nalidixic 

acid. This pre-incubation induced an 

increased ability of bacteria to survive to 

nalidixic acid exposure than bacterial cells 

grown at physiological temperature (37°C). 

Almost 90% of cells pretreated at 39°C 

survived to antibiotic exposure 

comparative with cells incubated at 37°C 

(55% relative survival) (Figure 4). The 

good survival of bacterial cells to high 

temperature and antibiotic exposure and 

the drastic increase of the molecular 

chaperones expression after pretreatment 

at the moderate temperature were 

mentioned previously for Salmonella 

Typhimurium (Mackey and Derreck, 1990) 

and Acinetobacter baumannii (Cardoso et 

al., 2010), but never described in S. 

Abortusovis, so far.
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Figure 4: Survival of S. Abortusovis after pretreating the cells for 30 min with heat shock 

at 39ºC and then exposed to antibiotic (nalidixic acid) stress. 

 

A: Control cultures performed in the 

absence of stress; B: Cultures exposed to 45 

µg nalidixic acid ml-1. Values represent 

percentages of cell survival (means of the 

three independent experiments) ± the 

standard deviation (S.D.).  

 

Excessive use of antibiotic for therapeutic 

reasons but also for growth promotion in 

farm animals selects for multiresistant 

bacterial strains. The occurrence and 

spread of multiresistant Salmonella strains 

was reported for many serovars and 

antibiotics (Esaki et al., 2004; Ngwai et al., 

2005; Butt et al. 2006; Ercis et al., 2006; 

Karatzas et al., 2008; Strahilevitz et al., 

2009; Gunell et al., 2009; Asai et al., 2010). 

 

The mechanisms of antibiotic-resistance 

are different depending on the type of 

antimicrobial, and they can be represented 

by the drug inactivation or modification, 

target alteration or reduced accumulation 

associated with increased efflux or 

decreased permeability (Poole, 2002). The 

components of the antibiotic resistance 

mechanism are generally proteins that will 

be rapidly overexpressed when bacterial 

cells are damaged by antibiotics (Peleg et 

al., 2008; Cardoso et al., 2010).  

 

Although further studies are needed to 

elucidate the role of molecular chaperones 

in the antibiotic stress response, the results 

obtained in this study showed that two of 

these proteins, DnaK and GroEL, are 

upregulated at the transcriptional and 

translational level by heat shock and 

different antibiotics (Table 2 and Figure 3). 

This major increase of molecular 

chaperones expression level could help to 

improve the ability of the S. Abortusovis to 

tolerate the stress caused by antibiotics.  

 

Some studies have suggested a role of HSPs 

in bacterial stress response caused by 

antibiotics as fluoroquinolone, 

aminoglycosides, tetracyclines, beta-lactam 

antibiotics. The authors have found that 

DnaK, GroEL and Lon protease are some of 

stress proteins which are known to play a 

role in protein quality control that might 

contribute to antibiotic resistance because 

they are induced when the cells are 

subjected to this kind of stress (Kragol et 

al., 2001; Singh et al., 2001; Yamaguchi et 

al., 2003; Singh et al., 2007; Cardoso et al., 

2010).  

 

Our data represent a contribution to the 

understanding of the molecular chaperones 

role in antibiotic resistance machinery 

used by the bacterial cells to survive in the 
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presence of various antibiotics that became 

ineffective in the treatment of infections. 

The multidrug-resistant strains of S. 

Abortusovis indicate the necessity for the 

development of new antibiotics. DnaK and 

GroEL could be used as a target for these 

novel antimicrobials effective in the 

infection caused by S. Abortusovis.  

 

The present study represents the first 

transcription and translation analysis of 

the molecular chaperones in a host-

restricted S. Abortusovis, regarding the 

response of this bacterium to heat shock 

and antibiotic stress conditions. Partially, 

these data could be considered preliminary 

and they will be mentioned in a future 

study. 
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