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Abstract
Lactic Acid Bacteria (LAB) have been approved by FDA as GRAS (Generally Recognized as Safe). Among LAB, Lactobacillus
plantarum along with other species in the genus Lactobacillus shows its roles in many fields, especially in the food industry. In this
study, the deduced amino acids of cold shock protein (Csp) in the strain Lactobacillus plantarum UL497 were compared with those
of the reported cold shock proteins, including CspL, CspC and CspP of Lactobacillus plantarum NC8. Then, after freezing, the
survival of the bacteria with temperature downshift from 30°C to 8°C for 2, 5 and 8 hours at the growing log phase was

determined. In particular, after freezing, the survival percentage of the bacteria with temperature downshift from 30°C to 8°C at
the growing log phase increased in comparison with that of bacteria without temperature downshift. Also, based on these survival
percentages, the effects of duration of cold shock on the bacteria’s survival were primitively evaluated.
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Introduction
Lactic Acid Bacteria (LAB) have been approved by FDA as GRAS (Generally Recognized as Safe). LAB is capable of
producing variable bioactive compounds, including bacteriocins, organic acids (like lactic acid and acetic acid),
exopolysaccharides and other valuable substances which play important roles not only in living organisms but also in many
fields in our life such as in medicine and the food industry [1-3]. In the latter, Lactobacillus Plantarum is found in different
kinds of fermented foods playing the role of starter cultures or preservatives with a natural origin. Therefore, L. plantarum
has been the object of many studies.

Csp(s) are family of cold shock proteins that are found in most organisms, including different species of LAB related to
foods. The molecular weights of these proteins are around 7 kDa and their amino acid sequences display a high similarity to
one another. The functions of these proteins have been investigated in many studies and one of them is the contribution of the
proteins in the adaptation process of bacteria to new environmental conditions, especially in temperature downshift [4,5]. For
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Lactobacillus Plantarum, three Csp proteins, including CspC, CspL, and CspP are reported. CspC protein is 73% and 74%
identical to CspL and CspP, respectively, whereas CspL and CspP are 88% identical to each other [6].

In this study, based on the nucleotide sequences the deduced amino acids of the Csp protein existing in the strain
Lactobacillus Plantarum UL497 were obtained. These sequences were aligned with those of the reported CspC, CspL and
CspP in L. Plantarum NC8. Then, after freezing, the survival percentages of the bacteria with temperature downshift from
30°C to 8°C for 2, 5 and 8 hours at the growing log phase were determined. Based on the values of these survival
percentages, the effects of duration of cold shock on the bacteria’s survival were primitively evaluated.

Materials and Methods
Bacterial strains
The strain UL497 was isolated from the fermented tofu “Chao” of Hue province (Vietnam). Based on the 16S rDNA gene
sequencing and sugar fermentation pattern analysis by using API CH50 (bioMérieux SA, USA), the strain was identified as
L. plantarum. The strain was stored at -80°C in MRS medium (Oxoid, Basing-stoke, United Kingdom) with 15% glycerol,
and before use, it was propagated in MRS medium at 30°C for 24-48 hours. The indicator strain used in this study was
Lactobacillus sakei subsp. sakei JCM1157.
All chemicals and media, including MRS and LB were purchased from Promega (USA), Sigma Aldrich (USA) and LAB
(Neogen company, USA).

PCR and cloning
DNA genome extraction and competent cells of Escherichia coli DH5α were performed following the protocol of Sambrook
J. et al [7]. The DNA genome of the strains was used as the templates for the amplification of Csp genes by using the primers
(Csp1a:

5’

GGTTTAATGTAGACAARGGNTTYGGNTTYAT

3’

and

Csp1b:

5’

TAGTAGGTACCRTTNGCNGCYTGNGGNCC 3’) with the expected size of 178 bp of PCR products [8,9]. The reaction
mixture (50 µL) contained 5 µL of 10X master mix buffer, 50 pmol of each primer, 2.5 U of Taq DNA polymerase, and 1 µL
of template DNA. Thermocycles of PCR included 5 minutes of heat shock at 95°C, followed by 30 cycles of 95°C for 30
seconds, 55°C for 30 seconds, and 72°C for 30 minutes and a final extension at 72°C for 10 minutes. The PCR product was
checked by electrophoresis on 1% agarose gel, purified, cloned into pGEM-T vector (Promega) and then transformed into the
competent cells of Escherichia coli DH5α. After that, the sample was sent to the 1st Base company (Singapore) for
sequencing. The Clustal Omega, ExPASy tools were used to analyze the nucleotide and amino acid sequences of the Csp
gene and Csp protein existing in the strain.

Survival assessment
The strain was grown in MRS media at 30°C for 2.5-4 hours until the OD600 of the culture reached 0.3-0.5. The cultures
were divided into several samples: one sample was immediately frozen at -20°C, and the other were cold shocked from 30°C
to 8°C for 2, 5 and 8 hours, respectively before they were frozen at -20°C [6,8-10]. For each sample, before and after freezing
for 24 hours at -20°C, the Colony Forming Units (CFU) obtained by serially diluting in sterile water were counted to give a
percentage of viable cells for each sample. All experiments were done in triplicate. The T-test was used for statistics.
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Results and Discussion
Cold shock protein existing in the strain L. plantarum UL497
The PCR product of the Csp gene amplification of the strain L. plantarum UL47 was checked, cleaned and then cloned into a
pGEM-T vector (Promega) following the instruction of the manufacturer. After getting the nucleotide sequences (the result
not shown here) the deduced amino acids of the Csp protein existing in the strain L. plantarum UL497 were aligned with
those of the reported CspC, CspL and CspP in the strain L. plantarum NC8 (FIG. 1).

FIG. 1. Alignment of the deduced amino acids of the Csp protein of the strain L. plantarum UL497 and the amino acids
of the CspC, CspL, and CspP of the strain L. plantarum NC8.

The deduced amino acids from the nucleotide sequences obtained after sequencing showed that the Csp protein of the strain
L. plantarum UL497 contained 2 conserved RNA binding motifs (RNP-1 and RNP-2). The percentages of the deduced amino
acids of the Csp protein of the strain UL497 that were identical and similar to those of the reported Csp proteins, including
CspC, CspL, and CspP of L. plantarum NC8, were shown in TABLE 1.

TABLE 1. The percentages of the deduced amino acids of the Csp protein of the strain UL497 that was identical and
similar to those of the CspC, CspL and CspP of the strain L. plantarum NC8.

CspL

Percent of the deduced amino acids of the Csp
protein of the strain UL497 that was identical to
others
77.19%

Percent of the deduced amino acids of the Csp
protein of the strain UL497 that was similar to
others
85.96%

CspP

70.18%

84.21%

CspC

70.18%

80.70%

Csp
proteins

The result showed that among 3 Csp proteins that already reported in the L. plantarum NC8, Csp protein existing in the strain
L. plantarum UL497 was closest to the CspL. The lowest percent of the deduced amino acids of the Csp protein of the strain
UL497 that were identical and similar to those of CspC in the L. plantarum NC8 was 70.18% and 80.70%, respectively.

The survival of bacteria after temperature downshift
Based on the analysis of the deduced amino acids of the Csp protein existing in the strain L. plantarum UL497, at first, the
survival of the bacteria after temperature downshift (from 30°C to 8°C) for 5 hours at its growing log was evaluated (FIG. 2).
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FIG. 2. Survival of the bacteria with and without temperature downshift.

The result showed that the survival of the bacteria immediately frozen at -20°C drastically decreased (remained at 8.63%),
but it increased when the bacteria were cold shocked (from 30°C to 8°C) at the growing log phase for 5 hours (obtained
25.61%).

Effects of duration of cold shock on the survival of the bacteria
To assess whether the duration of cold shock affects the survival percentages of the bacteria, the cultures were cold shocked
for 2, 5 and 8 hours, and then their survivals were determined after freezing at -20°C. The results were plotted in FIG. 3.

FIG. 3. Bacterial survival at different times of temperature downshift.

After freezing, all of the bacterial samples with cold shock for 2, 5 and 8 hours increased their survival percentages compared
to the bacteria without cold shock. Notably, the survival of the bacteria cold shocked for 2, 5 and 8 hours was 2.7, 2.9 and 6.5
times higher respectively than that of non-cold shocked bacteria. In addition, the survival of the bacteria cold shocked for 8
hours showed statistically significant differences from that of non-cold shocked ones with the p-value of 0.002 determined by
T-test.
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Discussion
Lactobacillus plantarum is widely applied in many variable fermented foods with the role of starter cultures or preservatives.
In the food industry, the bacteria are exposed to processing and storage conditions, including temperature downshift.
Therefore in this field, the bacteria’s ability to survive in different conditions has been of an important issue. In our study, in
the strain L. plantarum UL497, Csp protein which is thought to play an important role in bacterial adaptation to cold stress
was analyzed, and then after freezing the survival of the bacteria with temperature downshift from 30°C to 8°C for 2, 5 and 8
hours at the growing log phase was primitively evaluated.

The deduced amino acids of the Csp protein in the strain UL497 showed that the protein possessed typical characteristics of
the proteins belonging to the Csp protein family. In particular, it contained 2 conserved RNA binding motifs (RNP-1 and
RNP-2) via which the protein fulfills its functions during the adaption process [4,5]. In addition, the identity and similarity of
the deduced amino acids of this protein with those of all three Csp proteins in L. plantarum NC8 were high. In particular, the
highest identity and similarity were observed between the deduced amino acids of the Csp protein of the strains L. plantarum
UL497 and CspL with the values of 77.19% and 85.96%, respectively [6].

Many publications showed the roles of Csp proteins, especially in cold adaptation of bacterial cells. However, the specific
actions and the mechanism via which Csp(s) interacts to fulfill their functions at both normal and stress growing conditions,
including cold shock, have not been clear yet. mRNA of all three Csp genes decreased at the stationary growing phase of L.
plantarum [10], therefore the role of the Csp protein existing in the strain L. plantarum UL497 was tested when the strain’s
temperature was downshifted from 30°C to 8°C for 2, 5 and 8 hours at its growing log phase. Our result showed that after
freezing the survival percentages of the bacteria with temperature downshift for all time-tested here increased. Interestingly,
only the survival of the bacteria cold shocked for 8 hours showed significant differences compared to that of non-cold
shocked ones (p<0.05) and there were no significant differences observed for the bacteria’s survival in the rest of samples. It
was already known that the level of Cspl mRNA increased up to 3-8 times after 3 hours at 8°C, and these levels of Cspc and
Cspp genes remained unchanged after the temperature downshift [6].

Our result here showed that the Csp protein of the strain L. plantarum UL497 displayed the highest identity (77.19%) and
similarity (85.96%) in amino acids sequences with those of CspL in L. plantarum NC8. In our previous study, Csp of L.
plantarum UL485 was identified as CspC with 91.23% and 94.74% identity and similarity, respectively, in the amino acid
sequences of CspC in L. plantarum NC8. Moreover, no significant differences of the survival percentages were observed in
the bacteria with and without temperature downshift even though the experimental conditions were the same (cold shock
from 30°C to 8°C for 2, 5 and 8 hours at the growing log phase) [11]. Therefore, the reasons to explain survival differences of
the bacteria with and without temperature downshift in various durations are still a question that needs further investigation in
order to increase the survival of L. plantarum.
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