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The bacterial heat shock response is characterized by the elevated expression of a number of chaperone
complexes including the GroEL and the rate change of synthesis of certain proteins (total and secreted).
In this work, after incubation at 45°C, total and secreted proteins profiles of stressed bacteria were found
to be altered when analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
In addition, the level expression of GroEL was evaluated with Western blot. Our results show a marked
increase in both GroEL expression and protein synthesis at 45°C. These modifications were manifested
by the appearance and/or disappearance of bands as well as in the level of expression of certain proteins.

Key words: Lactobacillus casei, heat shock, GroEL, secreted and total proteins, sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), Western blotting.

INTRODUCTION

The viability of probiotic in foods depends on various
factors during processing and storage. Heat is used in the
process of a lot of foods, so the survival of probiotics in
thermal processing is the main obstacles to food
manufacturers (Mansouripour et al., 2013). Thus, paying
special attention to the effect of heat shock on the
survival of probiotics is necessary. For an organism to
grow at high temperatures, especially as high as those of
the hyperthermophiles discussed here, all cellular
components, including proteins, nucleic acids and lipids,
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must be heat protected. Desmond et al. (2004) showed
that the mechanisms involved in thermoprotection of
Lactobacillus paracasei NFBC338 are probably controlled
at the protein synthesis level. It has been previously
reported that stress tolerance in Lactobacillus delbrueckii
ssp. bulgaricus induced by a moderate heat shock was
dependent on protein synthesis (Gouesbet et al., 2002)
and Whitaker and Batt (1991) demonstrated the
enhanced synthesis of a number of heat shock proteins,
including GroEL and DnaK in a heat-adapted culture of
Lactococcus lactis ssp. lactis. In addition, destabilization
of macromolecules as ribosomes and RNA, and
alterations of membrane fluidity were also described
(Earnshaw et al., 1995; Teixera et al., 1997; Hansen et
al., 2001). The heat-shock response has been studied
notably in Escherichia coli (Gram negative) and Bacillus
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subtilis (Gram positive). Physiological studies demon-
strated that lactobacilli elicit heat-shock responses similar
to that of other Gram positive bacteria: L. lactis (Whitaker
and Batt, 1991; Auffray et al., 1992; Kilstrup et al., 1997),
Leuconostoc mesenteroides (Salotra et al., 1995),
Enterococcus faecalis (Flahaut et al., 1996), Oenococcus
oeni (Guzzo et al., 1997) and L. bulgaricus (Gouesbet et
al., 2002). In order to understand the mechanisms of
stress tolerance of lactobacilli, numerous studies have
examined the physiological and genetic adaptations of
these organisms during growth and survival in diverse
environmental stresses (Corcoran et al.,, 2008; Spano
and Massa, 2006; Van de Guchte et al., 2002) and
postgenomic  approaches have accelerated the
understanding of the global (genome-wide) stress
responses in lactobacilli to acid, lactate, oxidative, bile
and heat stresses (Broadbent et al., 1998; Stevens, 2008;
Serrano et al., 2007; Bron et al., 2006; Pieterse et al.,
2005; De Angelis et al., 2004). These studies have shown
that lactobacilli respond rapidly to their environ-ment by
modulating expression levels of genes involved in
different cellular processes, including stress response
pathways, cell division, transport and cell envelope
composition. However, the proteins synthesized by the
stressed cells during the stationary phase were
necessary for maintaining of the viability during prolonged
stress (Kolter et al., 1993). These proteins enable the cell
to neutralize stress to adapt or repair damages caused by
stress (Hecker et al., 1996). Examination of lactobacilli
heat shock responses using bi-dimensional electro-
phoresis revealed variable numbers of induced proteins:
34 in E. faecalis (Flahaut et al., 1996), 17 in L. lactis
(Kilstrup et al., 1997) and 40 in Streptococcus mutans
(Svensater et al., 2000), among them, only six proteins
were specifically up regulated by heat (Svensater et al.,
2000). In L. lactis, the 12 proteins were induced by NaCl
and detected on bi-dimensional electrophoresis, all
belong to the heat shock stimulon (Kilstrup et al., 1997).
This striking overlap between heat-shock and osmotic-
stress responses may also exist in S. mutans as 21 heat-
inducible proteins also belong to the osmotic stress
response. Among the heat shock proteins, well
conserved chaperones (DnaK, DnaJ, GrpE, GroES and
GroEL) and proteases (Clp, HtrA and FtsH) have often
been identified.

Some of the most intensively investigated heat shock
proteins include the molecular chaperones GroEL and
GroES, which are highly conserved in E. coli and
eukaryotic cells (Gupta, 1995). The GroEL and GroES
chaperones (also known as Hsp60 and HsplO
chaperones) have been recognized as heat shock
proteins in many bacteria, including E. coli, B. subtilis
(Hecker et al., 1996), Agrobacterium tumefaciens (Segal
et al., 1996), Streptomyces lividans (De Leon et al,
1997), L. lactis (Kilstrup et al.,, 1997), Lactobacillus
helveticus (Broadbent et al.,, 1998), Pseudomonas
aeruginosa (Fujita et al., 1998) and Lactobacillus

johnsonii VPI 11088 (Walker et al., 1999).

In the present work, we focused on the effect of heat
stress on GroEL expression of two strains of
Lactobacillus and their influence on secreted and total
proteins profiles of stressed cells. The cells were
analyzed by sodium dodecyl sulphate (SDS)-
polyacrylamide gel electrophoresis (PAGE).

MATERIALS AND METHODS

Bacterial strain and growth conditions

Two strains of Lactobacillus casei were used in this study: S1, L.
casei (ATCC 393); S2, L. casei, a potential probiotic, obtained from
the laboratory collection; this strain was identified by sequencing
the 16S rRNA gene (Banklt1773923 BL2 KP123430). All strains
were stored on De Man, Rogosa, Sharpe (MRS; LAB M, Bury, UK)
broth added with 33% of sterile glycerol at -20°C. Working cultures
were grown at 37°C in modified MRS broth at pH of 6.4 for 24 h,
which contained 0.5% maltose, 1% peptone, 0.5% yeast extract, 1
ml Tween 80, 0.2% K2HPOs4, 0.2% ammonium citrate, 0.02%
MgSOa4 and 0.005% MnSOa4. The pH of the modified MRS was 6.4
and, unless otherwise stated, it was maintained constant by the on-
line addition of 1 M NaOH. In this study, the cells were grown at
37°C on MRS for 24 h.

Stress conditions

Cells were recovered by centrifugation and re-suspended to an
optical density at 600 nm of 0.5 immediately before heat shock
treatment at 45, 55, and 65°C. One culture (1 ml) was maintained at
37°C as a control, and three cultures were shifted to 45, 55 and
65°C. After 10 min, heat shock was stopped by placing samples on
ice for 5 min.

Determination of the lethal temperature of Lactobacillus

100 pl of a bacterial suspension was inoculated with an optical
density at 595 nm of about 0.6 prepared from a bacterial culture in
MRS incubated overnight. These bacterial suspensions were
treated at temperatures ranging from 45 to 95°C with an interval of
10°C for 10 min. All suspensions were prepared at the same time;
one sample of each is removed after every increase of 10°C. All
experiments were performed in triplicate.

Enumeration of cells

To determine the number of cultivable cells, decimal dilutions were
performed in series in sterile saline solution. A volume of 0.1 ml of
each dilution was then spread on the surface of three plates of MRS
at 37°C. After 24-48 h of incubation, the enumeration of CFU/g of
the appropriate dilution were made. All experiments were performed
in triplicate.

After incubation and enumeration, we observed temperatures for
which a bacterial growth is possible. Thus, we performed the heat
shock at three temperatures: 45, 55 and 65°C.

Total protein extraction

Total proteins of two strains of Lactobacilli were prepared according
to the method described previously (Sabri et al., 2000). Cultures of
24 h at 37°C were centrifuged (7000 xg for 10 min at 4°C) and the
cells were then washed three times in 40 ml of sterile saline solution



(0.9% NaCl) and resuspended in 5 ml of sterile saline solution.
Cells were disrupted by lysosyme solution (10 mg/ml) and
incubated at 37°C for 30 min. 30 pl of loading buffer was added to
the solution and the pellet was incubated in a water bath at 100°C
for 5 min. Supernatant was collected and further centrifuged at
100,000 xg for 40 min at 4°C. The concentration of the total
proteins in the final preparation was determined using the Bradford
assay (Bradford, 1976).

Secreted protein extraction

Cultures of 24 h at 37°C were centrifuged (7000 xg for 20 min) and
subsequently filtered through a 0.45-um pore-size filter. Proteins
from the cell-free culture supernatants were then precipitated by
addition of 10% (vol/vol) trichloroacetic acid and recovered by
centrifugation at 7000 xg for 20 min. Pellets were resuspended in 4
ml of phosphate-buffered saline (PBS), and protein were
precipitated by addition of 20 ml of cold acetone. After
centrifugation at 7000 xg for 20 min, the pellets were washed once
with cold acetone, air-dried and re-suspended in 25 pl of PBS. The
concentration of the secreted proteins in the final preparation was
determined using the Bradford assay (Bradford, 1976).

Sample preparation and SDS-PAGE

Protein pellet were denatured with sample containing B-
mercaptoethanol (Sigma, Chemical Co., St Louis, MO, USA). These
protein samples were subjected to SDS-PAGE analysis using a
Mini Protean 3 gel Unit (BIORAD; Richmond, CA) on 15% (w/v)
polyacrylamide gels (Laemmli, 1970). Wide range protein markers
(from 212 to 6.5 kDa) were used as molecular weight standards
(High-Range Rainbow; Amersham, Little Chalfont,
Buckinghamshire, UK). Proteins were visualized by Biosafe
colloidal Coomassie blue (Sigma, Chemical Co., St Louis, MO,
USA) according to the manufacturer's instructions.

Western blotting

20 pg of total proteins were analyzed by SDS PAGE as reported
above and blotted onto a nitrocellulose membrane (Hybond ECL,
Amersham), using the Mini Trans-Blot equipment (BioRad Inc.), at
90 mA, 4°C, for 16 h in transfert Buffer. The membrane was
incubated in TBST buffer (20 mM Tris base, 137 mM NacCl, 0.15%
Tween 20) + nonfat dry milk 4% for 1 h at room temperature, with
orbital shaking, then incubated in rabbit polyclonal anti-GroEL
antibodies (Abcam) diluted 1:10000 in blocking buffer, at room
temperature for 1 h. After three washes with TBST, the membrane
was incubated with a 1:10000 dilution of the secondary antibody
conjugated with horseradish peroxidase (GE Healthcare), in
blocking buffer at room temperature for 1 h. After three washes with
TBST, the bound antibodies were revealed with revelation solution
(tris HCI pH 9, 0.1 M MgClz, 1 M Nacl, NBT, BCIP).

Statistical analysis

The statistical analysis was performed on SPSS v.17.0 statistics
software. The statistical differences and significance were assessed
by ANOVA test. P < 0.05 was considered significant.

RESULTS
Effect of temperature on survival of Lactobacillus

The survival of L. casei at different temperatures was
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Figure 1. Effect of heat stress on the survival of L. casei
ATCC 393 (S1) and L. casei BL2 KP123430(S2) after 48 h of
incubation at pH 7.

investigated. Our results show that the two strains used
remained cultivable up to 65°C. The viability was studied
for an initial population of about 108 CFU/g. It was shown
that both strains can survive at 75°C for 10 min (Figure
1). Remarkabely, at 45°C, we observed an increase of
the optical density of the culture (Figure 1).

Analysis of total proteins

Total protein of Lactobacilli strains before and after heat
shock were analyzed by SDS-PAGE. They displayed
different profiles before and after exposure of heat shock.
Before heat stress, the strains S1 and S2 of L. casei had
the same total protein profile. Five clear bands were
detected in each profile at 27, 35, 38 43, 90 kDa (Figure
2). After heat stress, some modifications were observed
in total protein profile in both strains. However, at 45 and
55°C, the expression of band corresponding to protein of
35 kDa was significantly decreased. Interestingly, bands
corresponding to molecular weights of 38 and 43 kDa
were significantly slightly increased at 55°C (Figure 2). At
65°C, the protein synthesis was completely stopped; all
bands were not visible after heat shock to this
temperature for 10 min.

Analysis of secreted proteins profiles

Secreted protein of Lactobacilli strains displayed different
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Figure 2. Total protein profile of two strains of L. casei subjected to heat stress: M:
High-Range Rainbow (Amersham, Little Chalfont, Buckinghamshire, UK), S1: L.
casei ATCC339; S2: L. casei BL2. Si, ii and iii: strains subject respectively, at

temperatures of 45, 55 and 65°C.
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Figure 3. Secreted protein profile of two strains of L. casei subjected to heat stress: M:
High-Range Rainbow (Amersham, Little Chalfont, Buckinghamshire, UK), S1: L. casei
ATCC339; S2: L. casei BL2. Si, ii and iii: strains subject respectively, at temperatures

of 45, 55 and 65°C.

profiles before and after exposure to heat shock (Figure
3). Lactobacillus presents five or six major proteins in
their profiles. After heat stress, both strains have a
different extracellular protein profile, whereas, bands
corresponding to protein of molecular weight of 65 kDa
were not visible at 55 and 65°C for S2. In comparison, the
intensity of this band for S1 was increased in intensity
after heat stress. In addition, we have observed the level
intense of one band corresponding to molecular weight of
35 kDa for S2. Interestingly, bands corresponding to

molecular weights of 25 and 27 kDa approximately were
slightly increased at 55 and 65°C.

GroEL expression

As shown in the Figure 4, the expression of protein was
greater at 45°C (column S1i and S2i) and the higher
levels were found in both strains at 55°C. However, the
proteins were not visible at 65°C (Figure 4).
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Figure 4. Western blot analysis of GroEL present in total protein extracts L. casei detected with antibodies raised
against GroEL., M: high-range rainbow (Amersham, Little Chalfont, Buckinghamshire, UK), S1: L. casei ATCC339;
S2: L. casei BL2. Si, ii and iii: strains subject, respectively, at temperatures of 45, 55 and 65°C.

DISCUSSION

The results show that Gram positive bacteria, such as
Lactobacilli, are able to survive heat shock up to 75°C. In
addition, we found that L. casei cells remained cultivable
at temperature of 65°C, which demonstrates that bacteria
are able to withstand such adverse environments (Van de
Guchte et al., 2002). It has been shown that organisms
respond to environmental stress by modifying the rate of
synthesis of certain proteins (Hennequin et al., 2001). In
our study, we have shown that the heat shock induced
alterations of secreted and total proteins and induced
elevated GroEL expression. The marked increase on
both GroEL expression and protein synthesis may
suggest that Lactobacillus species are able to grow and
survive under suboptimal conditions during food and
beverage fermentations. Desmond et al. (2004) revealed
by 2D-PAGE that the chaperone protein GroEL was
among the most strongly expressed proteins in the cell
under heat adaptation conditions; indeed, densitometry
analyses indicated an approximately 50-fold increase in
cells that were pre-adapted to heat shock. Kim et al.
(2001) demonstrated that the transcriptional activity of
both chaperones is increased dramatically in response to
heat shock and was increased to a lesser extent by
ethanol stress. Other studies have shown that culture of
log-phase Lactobacillus cultures were subjected to heat
stress, a 15-fold increase in GroEL synthesis was
observed when compared with only 1.5-fold increase in
protein synthesis in stationary phase cultures (Prasad et
al., 2003).

These chaperones play a key role in the maturation of
synthesized proteins and are pivotal in the degradation or
refolding of denatured proteins (Rechinger et al., 2000).
Thus, these heat-shock proteins can also be induced by
multiple stresses, such as acid, heat, bile salts, high
pressure stress and so on (De Angelis et al., 2004).
Several studies have been done in the elucidation of the
major chaperones belonging to the Hsp60 (GroEL) and
Hsp70 (DnaK) families because protein folding has been
recognized as one of the central problems in biology
(Narberhaus, 2002). The study of GroESL-overproducing

L. lactis and L. paracasei NFBC 338 demonstrated that
technologically sensitive cultures can be potentially
manipulated to become more robust for survival under
harsh conditions, such as food product development and
gastrointestinal transit (Desmond et al., 2004). The main
function of these HSPs appeared to be the prevention of

the accumulation of unfolded protein intermediates during
periods of stress (Veinger et al.,, 1998). Although, the
HSPs are always constitutively expressed, the rate of
synthesis is significantly enhanced under stress (Ang et
al., 1991).

The production of the HSPs is the origin of the
beneficial effect of heat stress in the conservation of
Lactococcus. Indeed, the physiological and biochemical
riposte of the unicellular organisms to all occasional
thermal elevation is universal. Some works have been
done on L. lactis (Boutibonnes et al., 1995) which shows
that the temporary exhibition of the cells to a temperature
of 40-45°C provoked a disturbance followed by an
adjustment of the metabolism. Thus, production of the
majority of the usual proteins in stalled synthesis of HSP
is unregulated. It has been demonstrated for E. coli, that
a thermal treatment of 8 h has a beneficial effect on the
cryodessiccation and the lyophilization (Joe et al., 2000).

In conclusion, our data suggest that overexpression of
stress-induced proteins has the potential to improve the
performance of lactobacilli strains. In particular, the
GroES/EL chaperone complex can be exploited to
prepare Lactobacillus for industrial processes. Indeed,
the innate probiotic characteristics of the strain, such as
adherence to the host cell wall and acid tolerance during
gastric transit, may also be improved by the
overexpression of GroESL.
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