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Development of Artificial Molecules Targeting Gene Expression
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Purpose and Background of the Research
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In the circumstances of the explosive spread of the novel
Coronavirus (COVID-19), it is an urgent task to promote the
development of test kits, antiviral drugs, and vaccines to prepare
for emerging and reemerging infectious diseases of pandemic
potential that may occur in the future. Since rapid and accurate
testing and quarantine activities are expected to lead to the
prevention of the spread of infection and epidemics, the
development of test kits that can easily and rapidly determine the
presence or absence of pathogen infection is an urgent issue.

The PCR method, which is currently used to determine viral
infection, has high detection sensitivity, but it is performed only
at specific laboratories such as public health centers because it
requires expensive specialized equipment. The
immunochromatographic method for antigen detection has the
greatest advantage in that the number of steps for testing is small
and the risk of laboratory infection is low, but it requires

antibodies with high specificity and sensitivity and cannot
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respond rapidly to new pathogens. Here, we try to develop a new
gene amplification visualization technology that can be used for

point-of-care testing (POCT).
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Research Results
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We designed a chemically modified primer that fused a
gene-specific primer with a catalytically active sequence. Since
primer consumption is correlated with progression of the gene
amplification, the progression of the amplification could be

monitored by detecting the catalytic activity.

"Screening for Chemical Modification Units”

We first screened for DNA sequences with catalytic activity
necessary for detecting gene amplification by color change. From
a variety of DNA sequence libraries, characteristic features of
putative guanine quadruplex forming sequences for the

expression of catalytic activity were found.

"Visualization of gene amplification products using chemically

modified primers.”



A DNA enzyme-tagged primer was prepared by tethering the
catalytic sequence to the 5’ end of the gene specific primer and
used for PCR-amplification. The color changes of the PCR
aliquot were enough to be seen with the naked eye within five

minutes.

"Development of chemically modified primers for virus
detection”

The chemical modifcation of primers was applied to the
detection of canine parvoviruses (CPV), to determine this
particular method's usefulness, and we observed that the increase
in the PCR products correlated well with the increase of the

color.

SEDRE
Future Prospects

KT CHFEL 72774 v — D EEM Tik1d . PCRZ X
L ET 2L DBEFIIRTIEICEI T THLEEZS
NBZEDo EHYEFDORIBRAICH N TH2 LT,

The chemical modification method developed in this study can
be applicable to other DNA amplification methods, including
isothermal amplification, and is expected to be effective for

immediate testing of infectious diseases.
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Specific Shapes Defined by Nucleotide Sequences

— Guanine Quadruplexes —
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- Figure 1
e "'.1. The guanine quadruplex is a unique nucleic acid
o A structure that has attracted much attention because
Melecular Recognition it has a variety of functions, including the regulation
Scaffold of gene expression.

DNA Detection by Changes in Coloration
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Figure 2

Chemical modification of the guanine quadruplexes
to the primers enabled the detection of the
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PCR-products by the changes of coloration.



