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Lab-on-a-chip technology is attracting great interest because the miniaturization of reaction
systems offers practical advantages over classical bench-top chemical systems. Rapid mixing of
the fluids flowing through a microchannel is very important for various applications of microfluidic
systems. In addition, highly sensitive on-chip detection techniques are essential for the in situ
monitoring of chemical reactions because the detection volume in a channel is extremely small.
Recently, confocal surface enhanced Raman spectroscopic (SERS) technique, for the highly
sensitive biological analysis ina microfluidic sensor, has been developed in our research group.
Here, a highly precise quantitative measurement can be obtained if continuous flow and
homogeneous mixing condition between analytes and silver nano-colloids are maintained. In our
research group, the SERS detection, in combination with lab-on-a-chip technology, has been
applied to the trace analysis of cyanide ion, methyl parathion and duplex DNA mixtures. Compared
with other methods for the trace analysis, the detection sensitivity was enhanced by several
orders of magnitude. We expect this analytical technique to be successfully applied to highly
sensitive bioanalysis as well as other trace analyses.(1)
We also reported a new analytical method of DNA hybridization involving a PDMS microfluidic

sensor using fluorescence energy transfer (FRET).(2) This method overcomes many of the
drawbacks of microarray chips, such as long hybridization times and inconvenient immobilization
procedures. Hybridization analysis of DNA plays an important rolein the detection of genetic
diseases and gene expression profiling. One of the most popular approaches to DNA hybridization
analysis is the use of a microarray chip where probe DNA sequences are immobilized on a solid
surface and incubated with a mixture of unknown target DNA. In microarray chip, however, a
relatively long time is (about 1-2 h) is required for complete hybridization because of the
diffusion-limited hybridization kinetics. DNA hybridization analysis using microfluidic technology
overcomes many of the drawbacks of microarray chips, such as the long hybridization time and
inconvenient immobilization procedures. In a microfluidic device, however, a new detection method
is required, since nonhybridizing fluorescence oligonucleotides cannot be washed out inside the
channel. In our work, the DNA hybridization detection using molecular beacon and FRET
technology successfully resolved this problem. Compared to the previously reported work on DNA
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analysis using microfluidic devices, both the detection sensitivity and the quantitative measurement
capability have been greatly improved.(3)
Finally, a surface-enhanced Raman scattering (SERS)-based immunoassay for the sandwich

complex using magnetic nanoparticles will be introduced. Glass-encapsulated Rhodamine 6G (R6G)
silver nanotags and poly(3-thiolphenacetic acid (3TA))-tagged magnetic nanoparticles have been
fabricated for this purpose. Surfaces of SERS nanotagsand magnetic nanoparticles have been
conjugated with polyclonal and monoclonal anti-Rabbit immunoglobin G (IgG) antibodies,
respectively. Then they were simply mixed with IgG antigens for the formation of sandwich-type
immunocomplexes in a 1.5 mL microtube. Sandwich complexes were immobilized on the wall of
microtube using a small bar. Quantitative analysis was performed bymeasuring the intensity of
surface-enhanced Raman scattering (SERS) at 1630 cm-1 for the immunocomplexes immobilized
on the glass wall. SERS-based immunoassays had a detection limit of 1 pg/mL for the IgG
antigen. This is about 100 orders of magnitude more sensitive than conventional immunoassay
techniques such as ELISA or SPR and the detection time is less than a few hours. The developed
immunoassay method is suitable for the rapid and sensitive detection of specific antigens.(4)
In this presentation, our recent developments of the confocal Raman/fluorescence microscopic

technology to a highly sensitive lab-on-a-chip detection for biological samples will be introduced.

Figure 1. Fabrication of Lab-on-a-chip and Its Application to Optical Biosensors

References

(1) T. Park, J. Choo et al., Lab. Chip, 5, 437-442 (2005).
(2) K. H. Yea, J. Choo et al., Chem. Commun., 1509-1511 (2006).
(3) S. Lee, J. Choo et al., Anal. Chem., 79, 916-922 (2007)
(4) L. Chen and J. Choo, Electrophoresis, in press.



<<
  /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 <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1500 1500]
  /PageSize [612.000 792.000]
>> setpagedevice


