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Development of oral vaccines based on lactic acid bacteria
Shizimobu Igimi
Division of Biomedical Food Research, National Institute of Health Sciences

Based on previous studies of vaccination, it is recognized that the administration of a vaccine through the
infection route of a pathogen is highly effective for vaccination. According to the concept, oral vaccination is the
best strategy for inducing immune responses against enteric infections. Oral vaccines induce mucosal immune
responses mediated predominantly by secretory immunoglobulins A (sIgA), which serve as the first line of defense
against the pathogens. Oral vaccines also elicit systemic immunity, which ensures protection against the pathogens
in case they bave escaped the first line of defense on the mucosal surfaces. In this paper, I infroduce our challenge to
develop effective oral vaccines based on recombinant lactic acid bacteria as antigen delivery vehicles
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Real-Time Polymerase Chain Reaction Method for Detecting
Contamination of Beef by Material from Genetically Engineered Cattle
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Prion protein knockout (PRNP ") cattle have been developed and may be used to produce bovine material
such as serum, collagen, and gelatin. However, genetically engineered animals (GE animals) must not be im-
ported or made commercially available in Japan, because they are not authorized for food use in Japan. We used
real-time polymerase chain reaction (real-time PCR) to develop method of detection for neomycin- and the
puromycin-resistance genes in beef samples. Plasmids containing the neomycin-resistance gene and the
puromycin-resistance gene were used as standard reference molecules. The results clearly showed that the
methed we developed is capable of quantitatively detecting the neomycin- and the puromycin-resistance genes in
the plasmids in the presence of genomic DNA extracted from a beef sample. We also applied the method to test-
ing of beef samples imported from the United States (U.S.). This method will make it possible to monitor beef for
contamination by material from GE cattle to assure food safety.

Key words  prion protein knockout catile; real-time polymerase chain reaction; beef

Many types of genetically engineered animals (GE ani-
mals) have been developed. In 2007, Richt ef al. generated
GE cattle in which two prion protein alleles had been dis-
rupted (PRNP '“cattle) by inserting neomycin- and
puromycin-resistance genes as selection markers and they
discussed the possibility of using PRNP ™/~ cattle as a source
of milk, gelatin, collagen, serum, and plasma.” Such prod-
ucts would be prion-free. Additional genetic modification
against a PRNP~'~ background could be useful for produc-
ing prion-free therapeutic recombinant human proteins, tis-
sue, and reagents in transgenic livestock for biomedical ap-
plication."” The use of PRNP™'" cattle appears very attractive
if the animals are kept under appropriate management.

However, GE animals, including PRNP ™" cattle, have not
been authorized as a source of food in many countries, and
Japan has made safety assessment of genetically modified
(GM) foods and processed foods containing GM ingredients
mandatory. Since April 1, 2001, any GM food that has not
been authorized is prohibited from importation or sale in
Japan. If contamination of the food by material from unau-
thorized GE animals is suspected, the food must be recalled,
thereby making it necessary to rapidly and accurately detect
contaminating unauthorized GE material.

In the present study we used real-time polymerase chain
reaction (real-time PCR) to develop a method of detecting
materials produced from GE cattle. The method is based on
the detection of neomycin- and puromycin-resistance genes
inserted in the cattle genome as selection markers. Five sam-
ples of beef imported from the U.S. were then monitored
using the present detection method.

MATERIALS AND METHODS

Materials Five samples of beef imported from the
U.S.A. (four of non-processed beef, one of grilled beef), and
a sample of beef produced in Japan (non-processed beef) as
a negative control, were purchased at a market in Tokyo. As
standard material for the calibration curves of real-time PCR,
plasmids pcDNA 3.1(—) and pIRESpuro3 Vector were pur-

* To whom correspondence should be addressed.

e-mail: onakajim@nihs.gojp

chased from Invitrogen (Carlsbad, CA, U.S.A.) and Clontech
(Mountain View, CA, U.S.A.), respectively.

Extraction of Beef DNA Genomic DNA was extracted
from 2 g of each beef sample by using two columns of Ge-
nomic-tip 20/G (Qiagen, Hilden, Germany) according to the
manufacturer’s manual but with the modification described
previously.> The DNA concentration in the prepared DNA
solutions was determined by measuring UV absorption at
260nm with a GeneQuant pro spectrophotometer (Amer-
sham Biosciences, Piscataway, NJ, U.S.A.).

Real-Time PCR Detection of Neomycin- and
Puromycin-Resistance Genes Real-time PCR was per-
formed by using the ABI PRISM® 7900HT sequence detec-
tion system (Applied Biosystems, Foster City, CA, US.A.).
All reactions were run in triplicate in 96-well plates. A no-
template control (NTC) was also prepared as a negative con-
trol for the analyses. The data were analyzed by using the
data analysis software version 2.1 included in the real-time
PCR system. When the cycle threshold value was more than
38, we considered the amplification to be negative because of
the difficulty of confirming the exponential amplification.

Calibration of Standard Curves for the Neomycin- and
Puromycin-Resistance Genes in Real-Time PCR The
PCR reaction mixtures were placed in a final volume of 25 yl
consisting of 12.5 ul of the universal PCR master mix (Ap-
plied Biosystems), 0.75 ul of the primer pair (10 um each),
0.5 ul of the TagMan MGB probe (10 um), and 2.5 ul of con-
trol plasmid template DNA. Standard curves were plotted by
using seven concentrations of the control plasmid template
DNA, i.e., containing 20, 200, 2.0k, 20k, 200k, 2.0 M, and
20 M copies, respectively.

For detection of the neomycin-resistance gene, pcDNA
3.1(—) digested with EcoRI was used as the template DNA,
and the nucleotide sequences of the sense and anti-sense
primers used were NeoF (5'-CGACCACCAAGCGAAA-
CAT-3') and NeoR (5'-CTCTTCGTCCAGATCATCCTGAT-
3"), respectively. The probe structure was NeoPro, 6-car-
boxy-fluorescein (FAM)-CATCGAGCGAGCACGTA- minor
groove binder (MGB).

© 2009 Pharmaceutical Society of Japan
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For detection of the puromycin-resistance gene, pIRE-
Spuro3 Vector digested with EcoRI was used as the template
DNA, and the nucleotide sequences of the sense and anti-
sense primers used were PuroF (5'-TCACCGAGCTGCAA-
GAACTCT-3’) and PuroR (5'-CCCACACCTTGCCGATGT-
3”), respectively. The probe structure was PuroPro, FAM-
CCTCACGCGCGTCG-MGB. The reaction conditions in-
cluded an initiation step for 2min at 50°C and 10min at
95 °C, followed by 40 cycles of 10s at 95°C and 1 min at
60 °C.

Calibration of the Standard Curves in the Presence of
DNA Extracted from a Beef Sample The genomic DNA
extracted from the Japanese beef sample was added to the
PCR reaction mixture to a final concentration of 10ng/ul. A
1.25 ul volume of endogenous 18S ribosomal RNA (1RNA)
primers and probe (No. 4319413E, Applied Biosystems) was
added to the PCR reaction mixture as the internal control.
The endogenous 18S rRNA probe was labeled with fluores-
cent reporter dye VIC, and duplex PCR was adopted. The
control plasmids for the standard curves and the PCR reac-
tion conditions were the same as described in the section
above.

Survey of Samples of Beef Imported from the U.S.A.
and Purchased in a Japanese Market Genomic DNAs
extracted from samples of beef imported from the U.S.A., in-
stead of the genomic DNA extracted from the Japanese beef
sample were added to a final concentration of 10ng/ul in the
PCR reaction mixture described in the calibration of standard
curves in the presence of DNAs extracted from a beef sample
section. No control plasmids were added.

The experiments described in the calibration of standard
curves in the presence of DNA extracted from a beef sample
section were conducted in parallel to construct standard
curves. The presence of the neomycin- and puromycin-resist-
ance genes in samples of beef imported from the US.A. was
examined with the same PCR reaction conditions described
in the section above.

RESULTS

Extraction of DNA from Beef Samples The amounts of
genomic DNA in the DNA sample solutions prepared from
the non-processed beef samples were in the 63—117 ug
range. The size of the extracted DNAs appeared to be mostly
greater than 6.6 kb according to agarose gel electrophoresis
analysis as shown in Fig. 1. The amount of genomic DNA in
the DNA sample solution prepared from the grilled beef
sample was 16 ug. The length of the DNA prepared from the
grilled beef sample was in the 0.2—1.4kb range. This result
indicates that the genomic DNAs extracted from the grilled
beef sample had been degraded by the processing.

Establishment of Calibration Curves We designed
specific primers and probes for the neomycin-resistance gene
and the puromycin-resistance gene based on their sequences.
The primers and probes were then used to confirm that
the amplification curves could be obtained with the
pcDNA3.1(—) and pIRESpuro3 Vector series digested with
EcoRl as standard molecules, and that neomycin- and
puromycin-resistance genes could be detected quantitatively
by using real-time PCR.

Next, the plasmids were spiked into genomic DNA ex-
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Fig. 1. (A) 0.8% Agarose Gel Electrophoresis of DNA Extracted from
Beef Samples

Lane 1: DNA size marker, lanes 2, 3, 5: DNA extracted from samples of non-
processed beef, lane 4: DNA extracted from a sample of grilled beef.
(B) 2% Agarose Gel Electrophoresis of DNA Extracted from a Beef Sample

Lane 1, 2: DNA size markers, lane 3: DNA extracted from a sample of grilled beef.
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Fig. 2. Real-Time PCR Analysis of a Neomycin-Resistance Gene in the
Presence of DNA Extracted from a Sample of Japanese Beef at a Concentra-
tion of 10 ng/ul

(A) The amplification plots. (B) The standard curve.

tracted from the Japanese beef sample. We then confirmed
that the amplification curves could be obtained with the plas-
mids and that the two resistance genes could be detected in
the presence of genomic DNA extracted from a beef sample.
In the tests for both resistance genes we also confirmed that
the amplification curves of the probe labeled with the VIC
dye for the endogenous 18S rRNA gene were obtained for all
sample solutions to evaluate the quality of the extracted ge-
nomic DNAs. As shown in Fig. 2, the standard curve for the
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Fig. 3. Real-Time PCR Analysis of a Puromycin-Resistance Gene in the

Presence of DNA Extracted from a Sample of Japanese Beef at a Concentra-
tion of 10ng/ul

(A) The amplification plots. (B) The standard curve.

amount of the neomycin-resistance gene copy number was
calibrated by using the pcDNA3.1(—) series digested with
EcoRI: y=-4.830x+48.42 (threshold 0.20, R*=0.979). In
addition, as shown in Fig. 3, the standard curve for the
amount of the puromycin-resistance gene copy number was
calibrated by using the pIRESpuro3 Vector series digested
with EcoRIL: y=—5.366x+54.25 (threshold 0.16, R?=0.973).
We estimated that the detection limit was 144 copies for the
neomycin-resistance gene and 1070 copies for the
puromycin-resistance gene, based on the formulas and the
levels at 38 as Ct values.

Survey of the Five Samples of Beef Imported from the
U.S.A. To assess the validity of our method we used it to
test five samples of beef imported from the U.S.A. The stan-
dard curves were used to determine whether the neomycin-
and puromycin-resistance genes were present in the samples
of beef imported from the US.A. Trace amounts of the
neomycin-resistance gene were detected in one of the five
beef samples. However, the results were not reproducible be-
cause the number of copies of the gene appeared to be close
to the detection limit. The puromycin resistance-gene, on the
other hand, was not detected in any samples. Analysis of the
endogenous 188 rRNA gene yielded amplification plots simi-
lar from all five samples. In all of the tests for the endoge-
nous 18S rRNA, the threshold lines were set at 0.20, and the
Ct values were constant (between 16.8—18.9).

DISCUSSION

In this study we developed real-time PCR method for de-
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tecting the neomycin-resistance gene and puromycin-resist-
ance gene inserted into the genome of GE cattle as a means
of testing beef for the contamination by material from GE
cattle.

Because we considered it difficult to obtain material that
originated in PRNP ™'~ cattle as a positive control and to ob-
tain a sequence that would be specific for PRNP™'~ cattle, we
used plasmids containing the neomycin-resistance gene and
puromycin-resistance gene as alternative standard reference
molecules to develop the detection method. The specific
primer pairs and probes for the both resistance genes were
designed within the sequences of each resistance gene for the
real-time PCR experiments. The results clearly showed that
the neomycin- and the puromycin-resistance genes could be
quantitatively detected in the presence of genomic DNA ex-
tracted from beef samples, suggesting that the detection
method is capable of being used to detect genomic DNAs
from PRNP " cattle.

Many real-time PCR detection methods based on fluores-
cence detection, such as 7agMan® chemistry, have been de-
veloped to identify and quantify GM maize,>™” GM soy-
beans,” %% and GM varieties of other agricultural com-
modities” and to detect pork, beef, chicken, mutton, and
horse in foods.'® This model experiment in which standard
plasmids were spiked into genomic DNA from a beef sample
and were detected is thought to be reasonable and acceptable,
because plasmid DNA markers containing cloned transgenic
sequences have been used for genetically modified organism
analysis.”)

We applied this detection method to testing five samples of
beef imported from the U.S.A,, and trace amounts of the
neomycin-resistance gene were detected in one of the five
samples in our survey. Sequences homologous to the 3'-
aminoglycoside phosphotransferase gene, which is responsi-
ble for neomycin resistance, have been detected in raw
ground beef,'V consistent with our own results. Since it is al-
most impossible to completely remove contaminating bacte-
ria containing DNA sequences homologous to the 3’-amino-
glycoside phosphotransferase gene from beef samples, we
considered it important to simultaneously detect both the
neomycin-resistance gene and puromycin-resistance gene as
an appropriate criterion for a positive result. Based on this
criterion all five samples of beef imported from the U.S.A.
that we tested were concluded to be negative for contamina-
tion by material from PRNP™/~ cattle.

The results of our tests confirmed that the genomic DNA
extracted from the grilled beef sample was degraded, as ex-
pected. However, we concluded that the genomic DNA from
the grilled beef was measurable in our real-time PCR analy-
sis, because the amplification curves for the endogenous 18S
TRNA reactions were clearly detected by testing of the ge-
nomic DNA from the grilled beef sample, the same as the ge-
nomic DNA from the non-processed beef samples, although
the sensitivity of the test for the grilled beef sample would be
lower.

The C-value for cattle is 3.15—3.93 according to Animal
Genome Size Database.'” In our study we used 250 ng of
DNA extracted from each sample of beef imported from the
US.A., and the cattle genome copy number would be ap-
proximately 6.36—7.94X10* copies per sample. Based on
this number of copies and the detection limit of our method,
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the target genes would be detected if the contamination ratio
of the materials from GE cattle were 100%. In terms of the
commercial process, beef material from GE cattle and from
non-GE cattle might be mixed together in the future. Further
study will be necessary to assess the feasibility of detecting
lower levels of GE cattle material by using reference stan-
dards and extend the applications of the method we devel-
oped to more complex processed food products. It will be de-
sirable to examine the appropriate way for the preparation of
genomic DNAs from hamburger, canned beef, beef jerky and
to apply the method to testing the genomic DNAs.

Furthermore, since both the ncomycin- and puromycin-
resistance genes are widely used as selection markers when
mammalian cells are genetically modified, detection using
the present method does not specifically mean that the mate-
rial prepared from PRNP ™'~ cattle is contaminated. However,
it would be suspected that the material derived from kinds of
GE cattle could be contaminated. This detection would sug-
gest that more detailed analyses would be necessary.

In conclusion, rapid detection method for neomycin-resist-
ant genes and puromycin-resistant genes inserted in the GE
cattle genome has been established. This method would mon-
jitor beef for contamination by material from GE cattle to as-
sure food safety.
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