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Characterization of Chaperone-Like Activity of Small Heat Shock Protein (sHSP)
Isolated from Indonesian Traditional Food (Tempoyak ) Lactobacillus plantarum U10
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The characterization of small heat shock protein (sHSP) from tempoyak-originated Lactobacillus plantarum
was investigated. The heat adaptive response proteins were ranging from 18 kDa to 51 kDa. Interestingly, the
Intercellular Protein (IP) fraction of heat shocked-L.plantarum U10 exhibited chaperone like activity by the
ability to prevent loss of proteinase K activity from denaturation. Furthermore, The sHSP gene that related to the
predicted sHSP +18 kDa protein were successfully identified by PCR method and this gene has 423 bp size. The
sHSP gene has 140 amino acids (with unique motive at C-terminus T-L-P-K amino acid sequence) and has
closely 100% identity with those of L.plantarum isolated from food or non-food environment. Moreover, the
gene encoding sHSP+18 kDa protein was indeed up-regulated after L.plantarum U10 treated by heat shocking as
proven by Reverse Transcriptase-PCR. This result suggested that sHSP £18 kDa in our study may confers a
survival advantage on Lactobacillus plantarum and capable of protecting the cell against under temperature
stress.
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Karakterisasi gen small heat shock protein (sHSP) dari Lactobacillus plantarum U10 yang diisolasi dari
makanan tradisional Indonesia tempoyak telah diteliti. Protein yang berhubungan dengan respon adaptif panas
mempunyai ukuran yang bervariasi antara 18 kDa sampai 51 kDa berdasarkan pemisahan SDS-PAGE. Fraksi
interselular protein (IP) dari L. plantarum yang telah diberikan kejutan panas menunjukkan bahwa protein
pendamping (chaperon) dibuktikan oleh kemampuan untuk mencegah hilangnya aktivitas proteinase K dari
denaturasi dengan uji chaperon. Selain itu, gen sHSP yang diprediksi sHSP +18 telah berhasil diidentifikasi
dengan metode PCR dan memiliki ukuran 423 bp dengan 140 asam amino dengan motif khas pada C-terminal
(urutan asam amino T-L-P-K) dan memiliki identitas mendekati 100 % dengan L. plantarum lain yang diisolasi
dari makanan atau lingkungan. Gen penyandi sHSP +£18 dengan pemberian kejutan panas dibuktikan dengan
Reverse Transcriptase PCR (RT-PCR). Hasil ini menunjukkan bahwa sHSP +18 kDa dapat memberikan manfaat

untuk kelangsungan hidup L. plantarum dan mampu melindungi sel dari tekanan panas.

Kata kunci: chaperone assay, heat shock protein, Lactobacillus plantarum U10, RT-PCR

Lactic acid bacteria (LAB) are “generally regarded
as safe” (GRAS) organisms that are widely utilized as
starter culture, food preservative, and flavour enhancer
in the food and beverage industry. Recently, LAB have
been used for unconventional purposes including
production of heterologous proteins, metabolic
engineering, and vaccine delivery (de Vos and
Hugenholtz 2004). The vast applicability of these lactic
acid producer bacteria because of their ability to resist
and well adapt in variable environments (Belfiore et al.
2013; Songetal.2014;Wuetal. 2014).

The principal protein that responsible for wide
adaptability of LAB in different environment which is

*Corresponding author; Phone: +62-21-87545787, Fax: +62-
21- 8754568 ; email: azmustopa@yahoo.com

a group protein called heat shock proteins (HSP)
(Broadbent et al. 1997). These chaperon proteins,
althoguh not all HSP contain chaperonin activity, will
correct the expressed proteins to prevent it from
misfolding event, allowing resumption of normal and
physiological activity and leading to a higher level of
stress tolerence when LAB face environmental stress
conditions (Haslbeck et al. 2002; Narberhaus 2002).
Depend on the type of stress, expression of these
chaperon proteins by LAB will also differ. Generally
the small heat shock proteins (sHSP) have a major role
in LAB adaptation and survival among the others
(Guzzo 1996; Koponen et al. 2012). The molecular
mass of SHSP range from the smaller 18 kDa up to 30
kDa. For instance, sHSP expressed by Leuconostoc
oenos (heat shock 42 °C, acidic shock pH 3, and ethanol
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shock 12%) has molecular mass of 18 kDa (Guzzo et
al. 1997), sHSPs expressed by Lactobacillus
plantarum (heat shock 37 or 40 °C, cold shock 12°C,
solvent shock ethanol 12% or buthanol 1%) have
molecular mass of 18.5 kDa, 18.55 kDa and 19.3 kDa
(Capozzi et al 2012; Fiocco et al. 2007). Based on their
primary structure, the sHSP is classified into two
classes, A and B. The B class has longer N-terminal
region and shorter C-terminal region than the A class
(Miinchbach et al. 1999).

L. plantarum becomes one of the most applicable
bacterium in food industries. For instance, the ability of
this bacteria to produce natural antibiotics has
gradually replaced the use of synthetic antibiotic as a
food preservative (da Silva Sabo et al. 2014). L.
plantarum U10 from traditional Indonesia fermented
food named Tempoyak (fermented durian fruit) has
been isolated and characterized (Urnemi et al. 2010).
This strain exhibited excellent antibacterial activity
against broad pathogenic bacteria, thus this strain has
potential application as natural antibacterial agent
(Urnemi et al. 2010). To the best of our knowlegde,
there are few studies on the function of sHSP and
respective gene on the growth and surival of L.
plantarum especially those which habitating fruit-
based fermented foods. Therefore, we aim to
characterize the function of the chaperone-like activity
conntaining small heat shock protein expression under
in vitro heat stress condition and to elucidate its
respective gene.

MATERIALS AND METHODS

Heat Shock Treatment. L.plantarum U10 were
cultured in 100 ml MRS (de Man, Rogosa, Sharpe)
medium and incubated at 37 °C overnight. Cells were
harvested by centrifugation at 10 000 x g when the
OD,,, was ~0.6. The pellets were resuspended with 20
mL MRS medium. The heat shock treatment at 42 °C :
(a) Control (without heat shock), (b) heat shock 30 s,
(c) heat shock 45 s. After the treatment, the cells were
kept at room temperature for 20 min. The survival rate
of cells was monitored by counting CFU on agar after
incubation at 37 °C overnight. All experiments were
carried out in triplicate (Delmas et al. 2001; Guzzo et
al. 1997).

Cell-free Supernatant Extraction. The method
followed as described by Birdsell and Cota-Robles
1967. Cells pellet was mixed with 20 pg pL’of
lysozyme, 0.5 M of sucrose, and 1 mM EDTA and let
stand for 1 h at 37 °C to disrupt the cell membrane
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enzymatically. Afterward, the disrupted cells were
subjected for freeze thaw treatment to increase cell
lysis for three times with each repetition for 1 h (30 min
of freeze and 30 min thaw) before pellets was
sonicated. Then, 100 mL of buffer B (Tris HC110 mM
pH 8.5, NaCl 100 mM, and tween-20 0.25%) was
added into the pellet , and sonicated for 15 s, interval
one minutes with five times repeation. The extract was
isolated by centrifugationat 17 000 x g, 4 °C for 20 min.
The supernatant or extracellular fluid was move to
sterile falcon then pellets subjected to SDS-PAGE.

Chaperon Activity Assay The method followed
methods from Collada e al. 1997 and Kim et al. 1998
by modification. Chaperon activity assay of
intracellular proteins fraction (IP) of L. plantarum U10
was conducted on 0.2% gelatin-containing agarose
using proteinase K. A total of 0.25 grams of agarose
was dissolved in 50 mM Tris-HCI pH 7.4 and then
heated. Into the agarose solution then added 2.5 mL of
2% gelatin, stirred until homogeneously mixed. A 25
mL of agar solution was poured to the plate, let it
harden and create wells using tips. There are several
combinations for each sample: Sample 1; proteinase K
mixed with [P (1:1, w/w) then denaturated for 15 min at
100 °C, Sample 2; proteinase K mixed with IP (1:1,
w/w) without denaturation, Sample 3; IP without
denaturation, Sample 4; protease K only (4 pg uL")
denaturated for 15 min at 100 °C, Sample 5; proteinase
K only (8 pg uL™"). The agarose plate was incubated for
24 h at 37 °C. The chaperon activity was detected by
Proteinase K activity and was shown as clear zone
formation. The statistics analysis were caried out using
programs Minitab15 software.

Isolation of Genomic DNA and PCR. The total
genomic DNA of L. plantarum U10 was isolated from
5 mL culture in MRS broth (Oxoid) grown at 37 °C
overnight. Bacterial cells were collected by
centrifugation at 11 000 x g for 10 min. The genomic
DNA was obtained according to the method with
modification (Zhu et al. 1993). The pellet was
resuspended with 500 uLL TE buffer (10 mM Tris—HCI
pH 8 0, 1 mM EDTA) containing 60 pug pL" lysozyme
and then incubated at 37 °C for 1 h. After incubation,
200 pL of 10 % sodium dodecyl sulfate, 100 uL of 5 M
NaCl and 80 pL of 10 % CTAB were added. The
mixture was then incubated at 68 °C for 30 min and an
equal amount of chloroform (1:1, v/v) was added.
Centrifugation was conducted at 13 000 rpm for 10
min. The supernatant was collected and 1:1 (v/v)
ethanol was added and then centrifuged at 13 000 rpm
for 10 min. DNA was dissolved in TE buffer containing
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10 pg pL'RNAse. The sHSP gene was amplified using
nested-PCR with first round PCR using primer
S'TGAAATTTGAAAGGGGA'3 and 5'GGGCCGCT
CACTTGTTACT'3 and for the second round PCR
using primer 5'ATGGCTAATACTTTAATGAAT
CGG'3 and S'TTATTGAATTTCGATTTGA CCG'3.
Those primers were retrieved from the nucleotide
sequences of putative small heat shock gene on L.
plantarum WCFSI (GenBank accession number
AL935259) (Spano et al. 2004). The sHSP gene was
amplified in 20 pL volumes each containing 20 ng
template DNA, 1 unit pL'of genomic DNA were
isolated from L. plantarum and added to a 20 pL PCR
mixture containing 0.5 ul. Kapa Tak polymerase, 0.5
puL of 10 mM dNTP mix, 1x PCR buffer 4 uL, 2 mM
MgCl,1 pL, 0.5 puL of each primer, and ddH,O 12.5 pL.
The PCR was run following this program: pre-
denaturation 5 min at 94 °C followed by 35 cycles of 1
min at 94 °C, primer annealing temperature for 1 min at
55°C, and 72 °C extension for 30 s, followed by a final
extension step at 72 °C for 5 min. PCR products were
analyzed on gel electrophoresis carried out by applying
20 uL of sampel to 1.5 % agarose gel. Gel was run for
30 minat 100 V in TBE 1x buffer. The standard marker
was used lkb DNA ladder promega. After
electrophoresis the gel was stained with ethidium
bromide for 10 min, and then wash with aquadest and
thereafter visualized using UV light source. Analyses
of DNA and amino acid sequences were caried out
using BLAST programs on NCBI (www.ncbi.nlm.
nih.gov).

Total RNA Isolation and RT-PCR Analysis. The
total RNA of heat shocked-L. plantarum U10 was
obtained using Ribo-Pure Bacteria Kit Ambion as
manual instruction. L. plantarum U10 were cultured in
MRS medium and grown for 13 h at 30 °C. Afterward,
the cell was transfered into fresh MRS medium then
incubated at the same condition until OD,,, reached 0.6.
The cells were harvested by centrifugation at 13 000 x
g. The heat shock treatment was done with added 1 mL
fresh MRS to the pellets and then heated in 42 °C for 15
min and control without heat shock treatment, then
allowed at room temperature for 20 min. Two hundreds
fifty uL of ice-cold Zirconia Beads was poured to each
sample. The cells were centrifuged, and then the
supernatant was removed. The next step, the cells were
resuspend in 350 uL RNAWIZ by vortexing vigorously
for 10-15 s. The cells were transferred in RNAWIZ to a
tube containing 250 pL Zirconia Beads, then it was
vortexed for 10 min to lyse the cells. The zirconia beads
were separated by centrifugation at 13 000 x g, 5 min at
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4 °C, then the supernatant was kept to a fresh 1.5 pL
tube. Into the supernatant 0.2 volumes choloform was
added , mixed well and incubated 10 min at room
temperature. The mixtures was spun 5 min at 4 °C, 16
000 x g and then the supernatant was transferred to
fresh tube. Finally, RNA purification was done by
adding 0.5 volumes of 100 % ethanol to the
supernatant, and the sample was moved to the filter
cartridge and was centrifugated for 1 min, the flow
through was discarded and filter was washed with 700
uL wash solution 1 (warm at 37 °C before used), then
centrifuged for 1 min. After that the filter sample was
washed with 2x500 puL wash solution 2/3, then
centrifuged for 1 min. The sample was centrifuged for 1
min to remove excess wash solution from the filter.
RNA was eluted by applying 25-50 pL Elution
Solution (preheated to 95-100 °C) to the center of the
filter. The DNase treatment was done with addition of
10x DNase buffer to the RNA, and then incubation for
30 min at 37 °C.The quality of RNA samples was
checked on 1.2% agarose gel, and the concentration
was determined spectrophotometrically at 260 nm.
About 150 ng of total RNA were used in a final volume
of 25 pL for the RT-PCR experiments. The RT-PCR
program was as follow: 45 °C, 30 min (reverse
transcriptase reaction) ; 94 °C , 5 min ; 94 °C, 30 s
(denaturation) ; 52 °C, 1 min (annealing) ; 72 °C, 1 min;
72 °C, 5 min (extention). The PCR fragments were
visualized on 1.2% agarose gel.

RESULTS

The Effect of Heat Shock Treatment on Profile of
the Protein Expression in L.plantarum U10. To
elucidate the diversity and function of heat shock
protein on the growth and survival of L.plantarum U10,
the bacteria was treated by incubation at different
temperature counted for its cell viability after treatment.
The prominent effect of heat stress (42 °C) on protein
expressions was observed for 30 min induction that
clearly shown the abundant protein expressed with
diverse molecular weight (18.16 kDa, 34 kDa, 40.48
kDa and 51.93 kDa) (Fig 1A). While prolonged
induction time reduced significantly some of protein
expressed, it may due to the difference in turn-over of
protein degradation within cell. To confirm whether
heat stress could reduce cells viability that impact on the
quantity of protein, we have done cells counting for
each treatment. There is no significantly differences
between heat-treatments groups (3.3x10" CFU pL™ for
30 min induction, and 3.2x10" CFU pL" for 45 min
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induction) and control group (3x10" CFU pL") (Fig
1B). This result confirm that the elevated protein
expression in L.plantarum U10 is due to solely the

effect of heat stress treatment.
Chaperone Activity of Cell-free Extract from

Heat Shocked-L. plantarum U10. To confirm the
involvement of SHSP in L.plantarum U10 resistency to
heat stress, we tested the chaperone activity within cell-
free extract (IP) of heat shocked-L.plantarum U10 by
observing the proteinase K activity. IP fraction
exhibited chaperonin-like activity as proven by
residual proteinase K activity that could be still
observed on sample no 1 after denaturation treatment
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while sample no 4, proteinase K alone with
denaturation, loss its protease activity (1.3+0.11 cm vs
0.73£0.11 cm) (Fig 2). Proteinase K alone without
denaturation showed broad clear zone formation
(3.36+0.11 cm). On the other hand, protease activity
was only slight observed in sample 3 (1.06+0.11 cm).
This result indicated that the heat resistence of
L.plantarum U10 may due to chaperonin activity
within its cells.

sHSP Gene Identification of L.plantrarum U10
and Its Identity to Other L.plantarum Strains. Here,
we focused to identify +18 kDa protein at gene level
with assumption that the targeted protein may belong to

Heat Shock 42 °C, 45 min

B)
Treatment CFU mL"
Control 3.3x10" CFU mL"
Heat Shock 42 °C, 30 min 3.3x10"° CFU mL"

3.3x10" CFU mL"

kDa 10mi ASmi

Fig 1 Profile of L. plantarum intracellular protein expression after heat shock treatment.(A) Bacteria was
incubated in 42 °C for 30 or 45 min, then the intracellular protein was collected and the proteins profile (50
ug of total protein for each samples) was separated on 12% SDS-PAGE (B) The population of bacteria was
counted before and after heat shock treatment and shown as CFU mL".

Sampel Clear Zone Formation (cm)
1 1.3+0.011
2 3.1+0.11
3 1.06+0.11
4 0.73£0.11
5 3.36+0.11

Fig 2 Chaperon activity assay of intracellular proteins fraction (IP) of (42 °C, 30 min) heat shocked- L. plantarum
on 0.2% gelatin-containing agarose using proteinase K. Sample 1: proteinase K mixed with IP (w/w) then
denaturated for 15 min at 100 °C; Sample 2: proteinase K mixed with IP (w/w) without denaturation;
Sample 3: IP without denaturation; Sample 4: proteinase K only (4 pg uL") denaturated for 15 min at 100
°C; Sample 5: proteinase K only (8 pug uL"') only. The agarose plate was incubated for 24 h at 37 °C.

proteinase K activity was shown as clear zone.
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sHSP protein based on their molecular mass.The sHSP
gene was obtained by PCR with size of 423 bp (140
amino acid) and theoretically molecular mass of
respective protein was 15.44 kDa, respectively (Fig
3A). Furthermore, our sHSP has 100 % protein identity
with L.plantarum JDMI1, L.plantarum Z7J316 and
L.plantarum 16 while has 99 % with L.plantarum
WCSFland the amino acid sequence (T-L-P-K) that
shows identity of sHSP also observed at 124 to 127
position (Fig3B).

The Gene Expression of Heat Shocked-
L.plantarum U10 Protein. The expression of the gene
encoding sHSP +18 of L. plantarum U10 was
expressed after the environmental temperature for cell
growth was shifted from 30 °C to 42 °C as shown by RT-
PCR result with size was 423 bp and no band related
to sHSP £18 in non-heat shock cell (Fig 4). This result
indicated the heat shock protein gene was expressed
under heat stress environment.

(A) ®)
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DISCUSSION

Several studies have shown the role of sHSP in
LAB adaptation and survival under certain rush
enviromental condition. Factors such as abiotic stress
(heat or cold shock, densitty of cells, ethanol and
buthanol solvents) greatly impact on level expression
of sHSP mRNA and further quantity of sHSP produced
(Fiocco et al. 2007). In agreement with this finding, we
also detected some of proteins to be upregulated after
L.plantarum was heat-shocked at 42 °C for 30 min
(ODy,, ~0.6). Interesting finding was that the heat-
treatment in our study could up-regulated several
proteins with protein mass ranging from 18 kDa up to
50.93 kDa, which might be predicted as group of heat
shock proteins. Guzzo (1996) revealed that the proteins
pattern of cells-free extract of L.oenos has molecular

] L 3 %

Lplantarem This Study MANTLMNRNDFCMLDPFERMARSFWAPLENMDQVLETDINETDDQYQVEYDVPGIDEQDVELDYRDNYL

Lylagtarem WCSFL ... ... ..
Lplantaram_JDALL y e

L.plantaram-ZJ116

1oty Lplniarem 16 : st AR
Lactohacilles.lantarum P-§ .

ity )
AR

Lplantarum ThisStody HEDQDQNIVMNERHTGTLQRQYMLENVAADEITASQADCYLTTLPE[TQPSANDCQILIQ 140

L plantaram_WCSFI
L.plantarem_JIAL
Lplantarem-ZJ316

Lplantaram 1§ 5
Lactobacilles.lantarumP-5 . .
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140
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Fig 3 PCR result of sHSP gene (sHSP 18.55) from genomic DNA of L.plantarum and its amino acid sequence
similarity with other Lactobacillus plantarums HSPs. The red box is sHSPs conserve motif (T-L-P-K

amino acid sequence).

Fig 4 RT-PCR analysis of L. plantarum hsp +18 gene expression, line 1; sample obtained from heat shocked-
L.plantarum U10, line 2; sample without heat shock treatment, M; 100 bp molecular marker. The band
corresponding to SHSP +18 mRNA was pointed by yellow arrow.



196 MARGARETA ET AL.

mass of 75, 66, 64, 24, 18, and 14.5 kDa which was
previously treated by heat shock (42 °C, OD,,, ~0.4)
using 2D-SDS PAGE. Among proteins expressed only
protein with molecular mass of 18 kDa, named Lol8,
showed remarkable expression under heat, acid, and
solvent treatment. Moreover, cross reactivity study
(using antisera against DnaK, GroEL and E18.5 stress
proteins) to the other proteins also pointed out that only
protein with 64 kDa gave positive result against
GroEL. In our study, the protein expression could also
be classified into one of group SHP. But, we need to
verify this classification.

It is well known that heat shock proteins contain
chaperone activity in which these proteins under stress
condition will help in preventing intracellular protein
from action of cellular degradation mechanism
(Ehrnsperger et al. 1997; Veinger et al. 1998; Lee and
Vierling 2000). Here, we developed a simple method
to detect chaperonin activity within [P fraction
L.plantraum using proteolytic enzyme activity test on
agarose. This method was based on protective action of
predicted chaperonin-like proteins on proteolytic
enzyme degradation due to heat treatment instead of
measuring the residual enzyme activity after heat
treatment in present of chaperone protein containing
sample (Collada er al 1997; Kim et al. 1998).
Chaperone assay clearly shown that IP fraction
contained chaperon-like protein activity based on their
ability to protect proteinase K from thermal
inactivation. We assume that direct interaction between
chaperon-like protein (within IP fraction) with
proteinase K caused this proteolytic enzyme resist to
heat-denaturation. Whether the IP fraction could
protect other enzymes from heat denaturation in vitro
need further investigation. As proven by Leroux co-
workers (1997) and Lee and co-workers (1997), direct
interaction of several sHSP with their target proteins to
stabilize proteins, which agregate during heat or
chemical treatment, is by forming a molecular
chaperons. It seems that some of chaperone-like
proteins within IP fraction co-operate each other to
perform not only in preventing aggregation of
proteinase K but also in reactivating the proteolytic
activity of proteinase K during heat treatment. A study
by Delmas and co-workers (2001) showed Lol8
protein (after sequentially purified by affinity
chromatography and ion-exchange chromatography)
could only reactivate catalytic function of citrate
synthase after challenged with heat treatment (45 °C for
90 min) while the effect of this protein on lactate
dehydrogenase only prevented it from heat-induced
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aggregation without restoring enzyme activity. It
seems that some factors acted on refolding enzyme
hence restroring its activity. In accordance with our
result, The IP fraction of heat shocked-L.plantarum
may contains such those factors in helping the
proteinase K refolding.

Heat shock proteins especially those with
molecular mass of =18 kDa have been intensively
studied due to their pivotal role in miroorganism
growth, adaptation and survival in response to
environmental stress (Sugimoto ez al. 2008; Tsakalidou
and Papadimitriou 2011; De Angelis and Gobbetti
2011). In food industry, these group of proteins exhibit
significant impact on LAB strain improvement
especially those which are used as starter strains
(Carvalho et al. 2004; Ricciardi et al. 2012). Wine-
originating L.plantarum sHSP genes, named hsp18.5
(420 nucleotide long) and Aspl9.3 (444 nucleotide
long) have been cloned. Their respective proteins
(upregulated under heat, cold and ethanol stress) have
molecular mass of 18.483 and 19.282 kDa and level of
those proteins under different stress induction was
strongly linked to inverted repeat sequence
(TTAGCACTC-N,-GAGTGCTAA) homologue to the
CIRCE elements found to the upstream regulatory
region of heat shock operons (Spano et al. 2004). Other
sHSP gene, called sHSP 18.55, also succesfully cloned
with only 27% identity with HSP18.5 and HSP19.3
though this sHSP 18.55 protein is involved in the
general stress response in wine L. plantarum (Spano et
al. 2005). Tempoyak-isolated L.plantarum contains a
gene enconding sHSP 18.55 in its chromosal DNA as
shown by PCR result (Fig 3) with size approximately
423 base pair and its amino acid sequence identity
almost near the same to those of L.plantarum reference
strains that habitating either food or non-food
enviroments. Furthermore,T-L-P-K amino acid
sequence found in Tempoyak-isolated L.plantarum's
sHSP ~18 protein is also found in LAB species such as
Oenococcus. oeni and in positive-gram bacteria such as
Clostridium acetobutylicum and Streptococcus
thermophilus (Spano et al. 2005). The exact role of
sHSP +18protein on L.plantarum WCSF1 has been
elucidated (Capozzi ef al. 2011) Deletion effect of this
gene significantly impact on cells morphology (the
mutant clumped together, had rough surfaces and
shrunken empty appearance), membrane fluidity and
physicochemical surface properties. Interestingly,
L.plantarum U10 in our study has an ability to express
sHSP £18 protein after heat shocked as proven by RT-
PCR.
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Recently, the application of sHSP protein
originated from bacteria in food biotechnology gains
much interest for stress biomarker in developing
bacterial starter/probiotics and manufacture of foods
(Guzzo et al. 2012). Currently, we attempt to use sHSP
+18 gene as an alternative selectable marker to replace
antibiotics genes in food grade expression vectors to
answer regarding the safety issue in the recombinant
protein production.

In summary, the group of sHSP which is contain
chaperone-like activity in tempoyak-isolated L.
plantarum has been expressed by heat shock treatment.
The sHSP mainly with molecular mass of £18 kDa was
predicted playing an important role in heat-resistant of
proteinase K in vitro The gene correspondent to sHSP
protein from this bacteria was successfully cloned and
showed similarity properties with those of sHSP
originated from other L. plantarum. Furthermore, the
gene enconding +18 protein has been proven to be
expressed by L. plantarum UlQ as respons to
temperature shift (30to 42 °C).

REFERENCES

Belfiore C, Fadda S, Raya R, Vignolo G. 2013. Molecular
basis of the adaption of the anchovy isolate
Lactobacillus sakei CRL1756 to salted environments
through a proteomic approach. Food Res Int. 54:1334-
1341.doi: org/10.1016/j/foodres.2012.09.009.

Birdsell DC, Cota-Robles EH. 1967. Production and ultra
structure of lysozyme and ethylenediaminetetraacetate-
lysozyme spheroplast of Escherichia coli. J Bacteriol.
93(1):427-437.

Broadbent JR, Oberg CJ, Wang H, Wei L. 1997. Attributes of
the heat shock response in three dpecies of dairy
Lactobacillus. Appl Microbiol. 20:12-19.

Capozzi V, Russo P, Ladero V, Fernandez M, Fiocco D,
Alvarez MA,Grieco F, Spano G.2012. Biogenic amines
degradation by Lactobacillus plantarum: toward a
potential application in wine. Front Microbiol.3:122.
doi: 10.3389/fmicb.2012.00122

Carvalho AS, Silva J, Ho P, Teixeira P, Malcata FX, Gibbs P.
2004. Relevant factorsfor the preparation of freeze-
dried lactic acid bacteria. Int Dairy J. 14:835-847. doi :
10.1016/j.idairyj.2004.02.001

Collada C, Gomez L, Casado R, Aragoncillo C. 1997.
Purification and invitro chaperone activity of a class I
small heat-shock protein abundant inrecalcitrant
chestnut seeds. Plant Physiol.115:71-77

Delmas F, Fabrice P, Coucheney CD, Jean G. 2001.
Biochemical and physiological studies of the small heat

Microbiol Indones 198

shock protein Lol8 from the lacic acid bacterium
Oenococcus oeni. ] Mol Microbiol Biotechnol.3(4):601-
610.

Da Silva Sabo S, Michele V, Jose M, Ricardo P. 2014.
Overview of Lactobacillus plantarum as a promising
bacteriosin producer among lactic acid bacteria. Food
Res Int. 64:527-536. doi:10.1016/j.foodres.2014.07.041

De Angelis M, Gobbetti M. 2011. Stress responses of
Lactobacilli. In: Tsakalidou, E., Papadimitriou, K.
(Eds.), Stress responses of lactic acid bacteria. New
York:Springer. p. 219-249.

De Vos WM, Hugenholtz J. 2004. Engineering metabolic in
Lactococcus and other lactic acid bacteria. Trends
Biotechnol. 22(2): 72-79.

Ehrnsperger M, Griaber S, Gaestel M, Buchner J. 1997.
Binding of non-native protein to Hsp25 during
heatshock creates a reservoir of folding intermediates
forreactivation. EMBOJ. 16:221-229.

Fiocco D, Capozzi V, Goffin P, Hols P, Spano G. Improved
adaptation to heat, cold, and Solventtolerance in
Lactobacillus plantarum. Appl Microbiol Biotechnol.
2007;77:909-15. doi: 10.1007/s00253 -007-1228-x

Guzzo J, Delmas F, Picere F, Jobbin MP, Samyn B, Van
Beeumen J, Cavin JF, Divies C. 1997. A small heat
shock protein from Leuconoctoc oenos 1 induced by
multiple stresses and during stationary growth phase.
Microbiology 24 : 393-396. doi : 10.1046/j.1472-765x.
1997.00042.x

Guzzo J. 2012. Biotechnical application of small heat shock
proteins from bacteria. Int J Biochem Cell Biol. 44 :
1698-1705. doi.org/10.1016/j.biocel.2012.06.007

Guzzo RA. 1996. Fundamental considerations about work
groups. In M.A. West (Ed.), Handbook of Work Group
Psychology (pp.3-24). Chichester: Wiley.

Haslbeck M. 2002. sHsps and their role in the chaperone
network. Cell Mol Life Sci. 59, 1649¢1657.

Kim R, Kyeong KK, Hisao Y, Kim S. 1998. Small heat shock
protein of Methanococcus jannaschii a hyperthermophile.
Proc Natl Acad Sci. USA. 95:9129-9133.

Koponen J, Kati L, Kerttu K, Matti K, Kirsi S, Tuula A.
Nyman, Willem M, de Vos, Soile T, Nisse K, Pekka V.
2012. Effect of acid stress on protein expression and
phosphorylation in Lactobacillus rhamnosus. ] Proteom.
75:1357-1374 doi:10.1016/j.jprot.2011.11.009

Le Roux NJ, Steel SJ, Louw N. 1997. Variable section and
Error rate estimation in discriminant analysis. J Statis
Comput Simul 99:195-219.

Lee GJ, Vierling E. 2000. A small heat shock protein
cooperates with heat shock protein 70 systems

toreactivate a heat-denatured protein. Plant Physiol.
122:189-198. doi: .org/10.1104/pp.122.1.189



198 MARGARETA ET AL.

Miinchbach M, Nocker A, Narberhaus F.1999. Multiples
mall heat shock Rhizobia. J Bacteriol .181:83-90.

Mustopa AZ, Fatimah F. 2014 Diversity of lactic acid bacteria
isolated from Indonesian traditional fermented foods.
Microbiol Indones 8(2):48-57. doi:10.5454/mi.8.2.2

Narberhaus F. 2002. A-Crystallin-type heat shock proteins:
socializing minichaperonesin the context of a
multichaperone network. Microbiol Mol Biol Rev. 66,
64€93.doi: 10.1128/MMBR.66.1.64-93.2002

Ricciardi, A, Eugenio P, Angela G, Rocco G, Teresa Z, Abu
SM, Mario V. 2012. Genotypic diversity of stress
respone in Lactobacillus plantarum, Lactobacillus
paraplantarum, and Lactobacillus pentosus. Int J Food
Microbiol. 157:278-285. doi : 10.1016/j.ijfoodmicro.
2012.05.018.

Song D, Ibrahim S, Hayek S. 2012. Recent application of
probiotics in food and agricultural science. Probiotics,
Rigobelo E (Ed.). InTech. doi: 10.5772/50121.
Available from: http://www.intechopen.com/books/
probiotics/recent-application-of-probiotics-in-food-
and-agricultural-science.

Spano G, Capozzi V, Vernile A, Massa S. 2004. Cloning,
molecular characterization and expression analysis of
two small heat shock genes isolated from wine
Lactobacillus plantarum. J Appl Microbiol. 97(4): 774-
782.

Spano G, Beneduce L, Perrotta C, Massa S. 2005. Cloning and
characterizationof the hsp 18.55 gene, a new member of
the small heat shockgenes family isolated from wine

Microbiol Indones

Lactobacillus plantarum. Res Microbiol.156: 219e224.
doi: 10.1016/j.resmic. 2004.09.014

Sugimoto S, Abdullah AM, Kenji S. 2008. Molecular
chaperon in lactic acid bacteria: physiological
consequences and biochemical properties. J Biosci
Bioeng. 106:324-336 doi : 10.1263/jbb.106.324

Tsakalidou E, Papadimitriou K. (Eds.), 2011. Stress
responses of lactic acid bacteria. New York:Springer.

Umemi A. Zaenal M, Ridwan M. 2010. Potensi bakteri asam
laktat dari Lempok Durian dalam menghasilkan
bakteriosin sebagai biopreservatif pangan. In: Hernaman I,
Tanuwiria UH, Hendronoto A, Yurmiati LH, Sulistyati M,
Hidayati YA, Herlina L, Indrijani H, Sujana E, Putranto
WS, Islami RZ, Widiawati Y, Sofjan O, Syamsul JA,
editor. Sistem Produksi Berbasis Ekosistem Lokal.
Seminar Nasional Peternakan Berkelanjutan; 2010
November 4; Bandung, Indonesia. Bandung (ID):
Universitas Padjajaran. hlm 679-685.

Veinger L, Diamant S, Buchner J, Goloubinoff P. 1998. The
small heat shock protein IbpB from Escherichia coli
stabilizes stress-denatured proteins for subsequent
refolding by a multichaperone network. J Biol Chem.
273:11032-11037.

Wu C, Jun H, Zhou R. 2014. Progress in engineering acid
stress resistance of lactic acid bacteria. Appl Microbiol
Biotechnol. 98:1055-1063. doi: 10.1007/S00253-013-
5435-3.

Zhu H, Qu F, Zhu LH. 1993. Isolation of genomic DNAs
from plants, fungi and bacteria using benzyl chloride.
Nucl Acids Res. 21:5279-5280.



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

