
SUPPORTING INFORMATION 

EXPERIMENTAL 

All experiments were conducted with λ-phage DNA (48.5 kbp, New England Biolabs). 
The DNA was stained with the fluorescent dye YOYO®-1 (Invitrogen) at a binding ratio of 
one dye molecule per ten base pairs. The DNA was dissolved in a 0.5x TBE buffer (44.5mM 
tris(hydroxymethyl)aminomethane (TRIS), 44.5mM sodium borate, 1mM 
ethylenediaminetetraacetic acid (EDTA)) or a 1x TBE buffer. 3% β-mercaptoethanol was 
added to suppress photobleaching of YOYO®-1.  

Unpolarized DNA imaging was performed using an epifluorescence video microscopy 
system consisting of a Nikon Eclipse TE2000-U inverted microscope, 60x water immersion 
(NA 1.0, Nikon) objective (with a 1.5x additional magnification lens for a total magnification 
of 90x) coupled to a cooled back-illuminated EMCCD camera (Andor Technology, iXon DV 
887-ECS BV). The polarization-sensitive imaging of DNA was carried out on another 
microscope setup consisting of the same model of microscope and objective but with a back-
illuminated EMCCD camera from another manufacturer (Photometrics, Cascade II 512). 
Polarization-sensitive imaging was achieved by placing a Dual-ViewTM (DV-2) unit (from 
Photometrics) on the collecting side. This splits the light into two paths, which enables us to 
visualize the two polarization directions simultaneously.  

In each frame the molecule is automatically located and fitted by a rectangle where all 
sides are set to the position where the intensity is 50% of the maximum intensity within the 
molecule after background has been subtracted. The DEI value is then the sum of all pixel 
values within this rectangle.  

The chip consists of 180 nm deep funnels with a width that varies continuously from 
50 nm to 650 nm (see Figure S1). The total length of each funnel is 600 μm. The rate of 
change in the width along the channel is 1 nm/μm, so that locally the DNA is exposed to a 
channel with more or less straight walls. The DNA is manipulated in the micro and 
nanochannels using pressure driven flow. The channels were defined by electron beam and 
UV lithography followed by CF4/CHF3 based reactive ion etching. Finally a thin layer (50 
nm) of dry thermal oxide was grown to render the surfaces hydrophilic. The devices were 
sealed with a 550 µm thick borosilicate glass lid. The depth of the channel was chosen to 
minimize the aspect ratios when changing the width of the funnel in the optically interesting 
regime 50 – 650 nm. With 180 nm deep channels, the aspect ratio varies from 1:3.6 to 3.6:1. 
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Figure S1. Optical bright field image showing the narrow end of the nanofunnels and the connecting 
microchannels used for sample transport. Scale bar corresponds to 100 μm. Inset: Image of the whole 
nanofunnel region with the narrow entrance to the left. Scale bar corresponds to 200 μm.  

For more details on data analysis and chip fabrication, see F. Persson and J. O. Tegenfeldt, 
Chem. Soc. Rev., 2010, 39, 985–999. 

 

 
Figure S2. Ratio of the detected emission intensity polarized parallel (Ipar) and perpendicular (Iperp) to the 180 
nm deep nanofunnel for YOYO-labeled λ-DNA in 0.05x TBE (black), 0.5x TBE (gray) and 1x TBE (white) buffer 



as well as T4GT7 DNA (166 kbp, red). The ratio is plotted to allow for direct comparison between the four 
cases. 

The polarization ratio trace (Ipar/Iperp)  in Fig. S2 has a shape that is independent of both 
the DNA length and the ionic strength of the buffer. At varying ionic strengths the DNA will 
have a different extension at a given confinement (see C. Zhang, F. Zhang, J. A. van Kan and 
J. R. C. van der Maarel, J. Chem. Phys., 2008, 128, 225109). The identical traces at the three 
ionic strengths thus strongly support that the shape of the trace is exclusively governed by the 
nanostructure. 

 

Figure S3. Detected intensity polarized parallel to the nanochannels (Ipar) divided by the detected intensity 
polarized perpendicular to the nanochannels (Iperp) for fluorescent beads (D=22 nm, Thermo Scientific) at 
different positions along a 180 nm deep funnel. Each datapoint represents the average of 100 measurements. 
The error bars correspond to one standard deviation. 

Using fluorescent polymer beads (D = 22 nm, Thermo Scientific) we see that, just as for the 
DNA studied in the main text, the detected emission intensity polarized parallel to the channel 
is significantly higher than that polarized perpendicular to the channel, especially when the 
channel width is between 150 and 300 nm (Figure S3). This supports the conclusion in the 
main text that the effect we see is not due to the polymer physics of the DNA but rather 
resonance effects in the channel structure. 

One important source of uncertainty in this measurement is any non-uniform distribution of 
the fluorescent nanospheres along the funnel structure. However, since that would affect the 
two polarizations equally, we can compensate for this effect by looking at the ratio rather than 
the absolute values of the detected emission intensities in the two polarization directions. 
Without any optical effects due to the channel walls, we would see a constant ratio, whereas 
we in fact observe a ratio that peaks at a channel width of approximately 180 nm. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice




