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Peptide Nucleic Acid (PNA)

The selective and sensitive detection of target DNA is an
important issue for clinical diagnostics, including identifi-
cation of single nucleotide polymorphism (SNP), as well as
for fundamental studies in molecular biology."* The commonly
used DNA-detection techniques are mainly based on the
DNA microarrays, which present probe-DNA molecules
immobilized onto a solid surface in an array format for the
bio-specific hybridization with the unknown target-DNA
fragments.* Although the DNA microarrays have been
utilized as a basic platform for the clinical detection,
selectivity and sensitivity are still limited toward the single-
nucleotide discrimination, which precludes the accurate
analysis of SNP.” In addition, duplexes between the target
and probe DNAs exist in a stable form only in the presence
of salt because of the electrostatic repulsion between
negatively charged ribose-phosphate backbones of DNA;°
these salt conditions also induce the secondary and tertiary
structures of DNA oligomers themselves, which could
disturb the hybridization between the target and probe
DNAs.” On the other hand, peptide nucleic acid (PNA), an
artificial nucleic acid analog, has been introduced to
overcome the drawbacks of natural DNA in the aspects of
specificity, sensitivity, and stability,*'" and been as a
molecular tool for the identification of SNP."""'* The neutral
backbone of PNA enhances the stability of PNA-DNA
duplexes due to the absence of interstrand repulsion between
the negatively charged phosphate groups of DNA.!“* In
addition, the unnatural structure makes PNA not degraded
by enzymatic reactions.

In this work, we generated a PNA-array platform to detect
the SNP of cytochrome P450 2C19 (CYP2C19) gene. The
CYP2C19 gene is known to play an important role in the
metabolism of therapeutic drugs, including diazepam,
proguanil, lansoprazole, and omeprazole.'” It is noteworthy
that 15-20% of the Asians are genetically deficient in
CYP2C19, failing to produce enzymes for the metabolism,
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compared with the occurrence of 3-5% of Caucasian
populations.'® Specifically, there exist two variant alleles
leading to the mutant types. The first varient is CYP2C19%2,
which has a G — A nucleotide substitution at position 681,
resulting in an aberrant splicing site; the second one,
CYP2C19*3, which does a G — A substitution at position
636, resulting in a premature termination codon. According
to the previous report, the frequency of CYP2C19*2 and
CYP2C19%*3 for Koreans is 0.21 and 0.12, respectively.'”
Onto the silicon oxide surface were aldehyde groups
introduced via imine formation between amine-terminated
self-assembled monolayers (SAMs) and glutaldehyde. Another
imine linkage was used for immobilizing the PNA probes,
and unreacted aldehyde groups were passivated with 2- (2-
aminoethoxy)ethanol. We designed four probe-PNAs based
on the clinically important SNPs of CYP2C19, and denoted
them 636W and 636M for the wild and mutant types of
CYP2C19*3, and 681W and 68IM for CYP2C19%*2,
respectively (Fig. 1). The linker of the PNA probes contained
repetitive ethylene glycol groups and ended with several
lysine groups. The immobilization of the probe PNAs was
confirmed by hybridization of target DNAs. The target
DNAs (T-636W, T-636M, T-681W, and T-681M), comple-
mentary to each of the PNA probes, were tagged with Cy3
(green) for wild type and Cy5 (red) for mutant type,
respectively. The hybridization was performed for 1 h at 40
°C with the DNA solution containing both T-636W and T-
636M (100 nM), and the same conditions were used for
hybridization of T-681W/M. As shown in Fig. 2a, each DNA
was selectively hybridized with its complementary probe-

Probe sequence (N terminal — C terminal)

636W  NHy-Linker-TCTTGATCCAGGGGG
636M  NH,-Linker-rACCCCCTGAATCCAG
681W  NHa-Linker-TTATTTCCCGGGAACCC
681M  NHj-Linker-TATTTCCCAGGAACC

Figure 1. PNA probes studied in this work. The underline represents
the single-point mutation site.
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Figure 2. (a) Fluorescence micrographs of the PNA array after
hybridization with target DNAs. Each PNAs were spotted four
times and hybridized with target DNAs. The left figure shows the
PNA array hybridized with T-636 W/636M, and the right figure
with T-636 W/T681M, respectively. (b) SEM images of the four
different probe surfaces after hybridization with biotinylated DNA,
complementary to 636M probe, and AuNP-SA deposition.

PNA, demonstrating the SNP-detection ability of the PNA
platform developed in this study.

The selective hybridization was also confirmed with
streptavidin-conjugated gold nanoparticles (AuNP-SA). The
AuNP-assisted detection of prostate-specific antigen has
recently been demonstrated by us.'® Based on the previous
results, we envisioned that the AuNP-based nanogap device
would be applied to the CYP2C19 system seamlessly. In this
work, we investigated the selective deposition of AuUNP-SA,
because it was a prerequisite for the successful implemen-
tation of the nanogap device to achieve the probe-specific
conjugation of AuNPs. The target DNA, complementary to
636M, was designed to present biotin, which was subsequently
coupled with AuNP-SA after PNA-DNA hybridization. The
incubation was performed for 4 h with the 50-mM HEPES
buffer (pH 7.4) solution of AuNP-SA. Figure 2b shows the
scanning electron microscopy (SEM) images of the four
different surfaces for each PNA probes. The numbers of
immobilized AuNPs for 636W, 681W, and 681M were
found to be significantly low compared with that for 636M.
The results clearly indicated that the AuNP-assisted
detection of the target DNA was possible with high
selectivity. Of more importance, the significant difference in
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the number of the deposited AuNPs would make it possible
to apply the nanogap device to the CYP2C19 system. The
combination of PNA-based surface treatments and nanogap
fabrication would be optimized for high-sensitive detection
of SNPs in CYP2C19 via electric signals, which is our next
research thrust.

In summary, we generated a PNA array for the sensitive
detection of SNPs found in CYP2CI19, by using the
formation of self-assembled monolayers and subsequent
surface-based organic reactions. The four different PNA
probes, 681W/M and 636W/M, were confirmed to be
differentiated at surfaces by fluorescent measurements. As a
proof-of-concept, AuNPs were introduced to detect the
target DNA, demonstrating the accessibility toward the
electronic devices. We also believe that our PNA-array
platform would be further adjustable toward microarray
technology for clinical diagnostics.

Acknowledgments. This work was supported by the
Ministry of Knowledge Economy (MKE) through the R&D
Program for Fusion Strategy of Advanced Technologies.

References

1. Guo, Z.; Guilfoyle, R. A.; Thiel, A. J.; Wang, R.; Smith, L.. M.
Nucleic Acids Res. 1994, 22, 5456.

2. Yeh, H.-C.; Ho, Y.-P;; Shih, 1.-M.; Wang, T.-H. Nucleic Acids Res.
2006, 34, 35.

3. Park, K.; Jung, W.; Choi, B.-R.; Park, H.; Kim, D.-E. Bull. Korean
Chem. Soc. 2010, 31,2077.

4. Niemeyer, C. M.; Blohm, D. Angew. Chem. Int. Ed. 1999, 38,
2865.

5. Draghici, S.; Khatri, P.; Eklund, A. C.; Szallasi. Z. Trends Genet.
2006, 22, 101.

6. Weiler, J.; Gausepohl, H.; Hauser, N.; Jensen, O. N.; Hoheisel, J.
D. Nucleic Acids Res. 1997, 25, 2792.

7. Southern, E. M.; Case-Green, S. C.; Elder, J. K.; Johnson, M.;
Mir, K. U.; Wang, L.; Williams, J. C. Nucleic Acids Res. 1994, 22,
1368.

8. Nielsen, P. E.; Egholm, M.; Berg, R. H.; Buchardt, O. Science
1991, 254, 1497.

9. Egholm, M.; Buchardt O.; Christensen, L.; Behrens, C.; Freier, S.
M.; Driver, D. A.; Berg, R. H.; Kim, S. K.; Norden, B.; Nielsen, P.
E. Nature 1993, 365, 566.

10. Choi, J.-].; Jang, M.; Kim, J.; Park, H. J. Microbiol. Biotechnol.
2010, 20, 287.

11. Gaylord, B. S.; Massie, M. R.; Feinstein, S. C.; Bazan, G. C. Proc.
Natl. Acad. Sci. USA 2005, 102, 34.

12. Komiyama, M.; Ye, S.; Liang, X.; Yamamoto, Y.; Tomita, T.;
Zhou, J.-M.; Aburatani, H. J. Am. Chem. Soc. 2003, 125, 3758.

13. Kuzuya, A.; Zhou, J.-M.; Komiyama, M. Mini-Rev. Org. Chem.
2004, 7, 125.

14. Choi, J.-J.; Cho, M.; Oh, M.; Kim, H.; Kil, M.-S.; Park, H. Bull.
Korean Chem. Soc. 2010, 31, 3525.

15. Yang, 7. F.; Cui, H. W.; Hasi, T.; Jia, S. Q.; Gong, M. L..; Su, X. L.
Genet. Mol. Res. 2010, 9, 1844.

16. Bertilsson, L. Clin. Pharmacokinet. 1995, 29, 192.

17. Roh, H.-K.; Dahl, M.-L.; Tybring, G;; Yamada, H.; Cha, Y.-N.;
Bertilsson, L. Pharmacogenetics 1996, 6, 547.

18. Park, H. J.; Chi, Y. S.; Choi, 1. S.; Yun, W. S. Appl. Phys. Lett.
2010, 97, 033701.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


