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Abstract
In a previous study we showed that we had isolated Lactic Acid Bacteria (LAB) that produce high amounts of the
polyamines found in fermented food that function as antioxidants . In this study, we concentrated on another function
by investigating polyamines in relation to anti-cancer effects. Although a QR (Quinone Reductase) test showed no
anti-cancer effect, good results were obtained for DNA protection and we compared polyamine production and
growth of No.2 strain using a RT-PCR machine. This DNA protection may be related to an anti-cancer effect.
After suggesting that polyamines had the ability to protect DNA, we collected polyamines of LAB (Lactobacillus
sp. No.2) by HPLC with a fraction collector. Next, Ornithine Decarboxylase (ODC), which is considered as a
polyamine producing enzyme, was detected in Lactobacillus sp. No.2 using Western blot and RT-PCR analyses.
The results of RT-PCR showed that polyamine production from No.2 strain was related to growth time and especially
that culture for 36 hours provided the best conditions for polyamine production. In summary this means that ODC
gene expression is related to polyamine production and hence DNA protection.
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Introduction
Biogenic amines, including tyramine, histamine, putrescine,
cadaverine, spermine, and spermidine, can be produced and degraded
by the normal metabolic activities of animals, plants, and
microorganisms. These amines are mainly produced by microbial
decarboxylation of amino acids in foods [1,2].
Putrescine, spermidine, and spermine are three well-known
polyamines that are present in the cells of all organisms. Polyamines
play an important role in regulating cell growth and proliferation,
stabilization of the negative charges of DNA, RNA transcription,
protein synthesis, apoptosis, and regulation of the immune response
[3]. Polyamines are mostly obtained from dietary sources, and foods
containing polyamines can be expected to have cell regeneration and
antioxidant effects [3]; however, there are few studies of the polyamine
contents of specific strains of microbes that are used as foods.
In this study, we investigated the characteristics of polyamines from
the No. 2 strain isolated in a previous study [1] and determined the
effectiveness of polyamines (especially spermidine) in DNA
protection. Using RT-PCR, it was determined that the production of
polyamine from ornithine by Ornithine Decarboxylase (ODC) protein
was proportional to the growth of this strain.

Materials and Methods
Polyamine preparation: Polyamines used (putrescine, spermidine,
spermine) were standard goods obtained from Sigma-Aldrich and
polyamine substances obtained from Lactobacillus sakei sp. No.2 by
HPLC (Ultimate 3000, Dionex, USA) [1], with a fraction collector
(Foxy Jr., Dionex, USA).
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Gel electrophoresis for detecting DNA protection: Polyamines in
Lactobacillus sakei sp. No. 2 were collected with a fraction collector
from peaks with HPLC. These polyamines and standard polyamines
were run through electrophoresis (Mupid-EXu, Japan). DNA
protective activity was determined by using a DNA damage assay that
was carried out using pBR322. The reaction mixture was prepared by
pouring 5 ml of stock solution of the test compound at a concentration
of 3000 ppm in an Eppendorf micro test tube. Then 3 ml of diluted
plasmid DNA was transferred to the Eppendorf tube. Stock solutions
were at 1000 ppm concentrations in the ﬁnal reaction mixture. Next 3
ml of 2 mM FeSO4 and 4 ml of 30% H2O2 were added successively to
each tube. As a positive control, pBR322 DNA with FeSO4 and H2O2
was used. The reaction mixture was incubated for 1 h. After
incubation, plasmid DNA was run on 0.9% agarose gel in the dark at
37°C. Agarose (0.9 g) was transferred to a 250 ml ﬂask and then
dissolved in 100 ml of 1X TAE (Tris/Acetate/EDTA) buffer and heated
in a microwave oven to obtain a homogeneous mixture. After slight
cooling to a bearable temperature, 20 ml of the staining agent
ethidium bromide was added to the agarose. After gentle shaking, the
agarose was poured in a gel tray and allowed to solidify for 30 min.
After solidiﬁcation the 1X TAE (gel running buffer) was poured to
such a level that both of the electrodes were submerged in buffer. Then
3 ml of bromophenol blue (loading dye) was added to each reaction
mixture after incubation and the samples were loaded on 0.9% agarose
gel wells containing TAE buffer. Each reaction mixture with controls
was run horizontally in TAE buffer at 100 V and 30 mA for 1 h in an
electrophoresis apparatus. The gels were photographed under UV
light. For each run, a molecular marker, a negative control, H2O2
treatment, FeSO4 treatment, and test concentrations of CME (Culture
Medium Extract) were loaded [4].
RT-PCR for ODC production: Total RNA extraction, first-strand
cDNA synthesis, and real-time PCR analysis were performed as
described by [5] with some modifications [6]. First-strand cDNA was
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synthesized with 0.6 μg of total RNA. Primers for target genes were
designed using Primer Blast from NCBI and are presented by name
and function. Samples were analyzed in a 7500 Real-Time PCR System
(Applied Bioscience, Carlsbad, CA, USA) following initial preheating
at 95°C for 2 min. Then 40 PCR cycles were performed as follows: 95°C
for 15 seconds and 55°C for 30 seconds. The melting curve profiling
was conducted at the end of each PCR process to confirm
amplification of specific transcripts by the following steps: 95°C for 15
seconds, cooling to 60°C for 1 minute, heating the sample to 95°C for
30 seconds, and cooling to 60°C for 15 seconds under continuous
fluorescence measurement [7].

strain (data not shown); therefore, we focused on their cancer
prevention ability through DNA protection.
Medium cultured for 36 hours was prepared because this provides
the best conditions for producing polyamines in No.2 strain. The
relationship between DNA protection and polyamines from No.2
strain was investigated and no detectable levels of DNA protection
could be found for putrescine and spermine, but there was a
relationship between spermidine and DNA protection (Figure 2).

Statistical analysis: The data were analysed by a one-way Analysis of
Variance (ANOVA).

Results and Discussion
In this study, we focused on the DNA protection effect of
polyamines in Lactobacillus sakei sp. No.2. The polyamines were
confirmed by HPLC with a fraction collector from culture medium.
Gel electrophoresis was carried out to determine the DNA-protection
properties of the polyamines, and they were compared to standard
polyamines.
Analysis of polyamines in No.2 strain: We determined and collected
polyamines in No.2 strain [1] culture medium to compare with
standard polyamines (Sigma-Aldrich, USA). Large amounts of
putrescine and spermidine were detected from the culture medium by
HPLC (determined by standard polyamines) and were collected by a
fraction collector (Figure 1).

Figure 2: DNA protection ability of polyamines shown by gelelectrophoresis. DLA (DNA leaking agent): 30% H2O2 with 2 mM
FeSO4 solution; D: spermidine; LAB (Lactic Acid Bacteria):
Lactobacillus sakei No.2. Reaction of each 2 (sample : polyamine :
DLA) in 37°C incubator, 1 hour, and electrophoresis (50V, 50 min).
Figure 1: Polyamine in culture medium Lactobacillus sakei No.2 by
HPLC. Three polyamines (putrescine, spermidine, and spermine)
were determined by comparing with standard polyamines. All
polyamines (putrescine, spermidine, and spermine) were detected
in culture medium, and the detected polyamines were collected by
HPLC with a fraction collector.
DNA protection analysis by gel-electrophoresis: To consider one of
the many functions of polyamines, the original purpose of this study
was to define the anti-cancer effect of polyamines from No.2 strain as
described in previous papers [8,9]. A QR (Quinone Reductase) test
failed to detect any anti-cancer activity of the polyamines from No.2
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We think that polyamines have a pre-anticancer effect because they
can protect DNA and prevent cancer cells from developing.
ODC gene expression analysis and mRNA level by real-time PCR:
After suggesting that sperimidine is related with DNA protection, we
investigated the Ornithine Decarboxylase (ODC) production ability of
the No.2 strain. Polyamines from ornithine catalyzed by ODC are
produced in the order of putrescine, spermidine, and spermine [3],
and ODC protein is the starting invertase for producing polyamines as
shown in Figure 3. We searched for the ODC sequence from Lactic
Acid
Bacteria
(LAB)
with
the
odcf/odcr
(5’TGCACTTCCATATCCTCCAG/5’-GAATTTCTGGAGCAAATCCA,
127-bp amplicon) primers [10]. This data showed that ODC is best
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revealed at 36 hours, which is consistent with the results of previous
work that determined the best time in culture medium for polyamine
content (Figure 4). These results for ODC content are very similar to
the growth rates of No.2 strain.

means of nonspeciﬁc electrostatic bonds [11]. This interaction has
been shown to result in the protection of small DNA molecules from
common damaging agents, such as ionizing radiation and reactive
oxygen species. Polyamines in solution with polynucleotides have also
been shown to inhibit the activity of endonucleases, including DNase I
[11].
We determined with a HPLC fraction collector the polyamines in
No.2 strain culture medium and with a qRT-PCR system that they
were produced by ODC. Even though sperimine showed limited DNA
protection ability in a gel electrophoresis experiment (data not
shown), the results showed that spermidine from No.2 strain is a good
candidate for use as a functional material. Through our study, we
believe that spermidine from No.2 strain has the potential to be
developed as a functional material for DNA protection with a high
commercial value; however, further studies are required, including
additional tests on the spermidine synthase gene in No.2 strain.
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Figure 3: Synthesis and interconversion of polyamines. DAO,
Diamine Oxydase; GABA, ɣ-aminobutyric acid; ODC, Ornithine
Decarboxylase;
PAO
Polyamine
Oxydase;
SAM,
Sadenosylmethionine;
SAM-DC,
S-adenosylmethionine
decarboxylase; SAM-HC, S-adenosylmethionine homocysteamine
(Elvira et al., 2007).
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