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Experimental Section

Materials and methods. Acetonitrile (HPLC grade) were dried over calcium hydride. The
phosphoramidite of VU analogue (Carboxy-dT), PEG building block (Spacer 18), and other reagents for
the DNA synthesis were purchased from Glen Research. Calf intestine alkaline phosphatase (AP) (1000
units/mL), snake venom phosphodiesterase (s.v. PDE) (1 mg/0.5 mL), and Nuclease P1 (1 mg) were
purchased from Boehringer Manheim. Plasmid pUC 18 (10 pg, 0.25 pug/uL) was purchased from
GIBCO BRL. EcoRI (10000 unit, 12 unit/uL) and HindIII (10000 unit, 15 unit/uL) were purchased
from Takara Shuzo, Co., Ltd. Unmodified ODNs were purchased from Greiner Japan, Co., Ltd. T4
polynucleotide kinase was purchased from NIPPON GENE (10 units/uL) and y-[**P]-ATP (10 mCi/mL)
was purchased from Amersham. Mass spectra of oligonucleotides were obtained on Perseptive
Biosystems Mariner™ ESI-TOF MASS SPECTROMETER. JASCO V-550 UV/VIS spectra were used
for absorption spectra measurements. Circular dichroism (CD) were measured on a JASCO J-720
spectropolarimeter. Photoirradiation at 366 nm was carried out by using VILBER LOURMAT TFP-35L
transilluminator or COSMO BIO CSF-20AF transilluminator. Photoirradiation at 302 nm was carried
out by using FUNAKOSHI FTI-36M transilluminator. The photoreactions were carried out with quartz
capillary cell (7 mm diameter). The gels were analyzed by autoradiography with a BIORAD Model
GS-700 imaging densitometer and BIORAD Molecular Analyst software (version 2.1).

Synthesis of oligonucleotides. Oligonucleotides were prepared by the S-cyanoethylphosphoramidite
method on controlled pore glass supports (I wmol) by using an Applied Biosystems Model 392
DNA/RNA synthesizer. The 0.1 M acetonitrile solution of Carboxy-dT and Spacer 18 phosphoramidite
was used in automated synthesis, and their coupling time was extended to 999 seconds. After automated
synthesis, the oligomers were cleaved from the support and deprotected by 0.4 M methanolic sodium
hydroxide (methanol : water = 4 : 1) for 17 h at room temperature and purified by reverse phase HPLC.
The purity and concentration of all oligodeoxynucleotides were determined by complete digestion with
s.v. PDE, AP, and Nuclease P1 to 2'-deoxymononucleosides at 37 °C for 1 h. CVU-containing ODN 1

was identified by ESI-TOF mass. 1 (Cy93H476N450207P27) (M-H") caled 8772.1; found 8775.3.

Preparation of *?P-5’-end-labeled ODN. The oligonucleotides (ODNs, 400 pmol, strand
concentration) were 5’-end-labeled by phosphorylation with 4 puL of [y-’P]ATP and 4 pL of T4
polynucleotide kinase using standard procedures. The 5’-end-labeled ODNs were recovered by ethanol

precipitation and further purified by 15% denaturing gel electrophoresis and isolated by the crush and
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soak method.?

Reversible photocircularization of ODN 1 on double-stranded DNA as monitored by PAGE. A
solution (total volume 10 pL) containing **P-5’-end-labeled ODN 1 (ca. 2 x 10* cpm, 2 uM), ODN 2 (10
UM, strand conc.), and ODN 3 (10 uM, strand conc.) in 50 mM sodium acetate buffer (pH 5.0), 100 mM
NaCl, and 20 mM MgCl, was irradiated with a transilluminator (366 nm or 302 nm) at a distance of 3-5
cm at 0 °C for 1 h. To the reaction mixture was added 10 uL of loading buffer (a solution of 80% v/v
formamide 1 mM EDTA, 0.1% xylene cyanol, and 0.1% bromophenol blue) to quench the reaction and
the samples (1-2 UL, ca. 2-4 x 10° cpm) were loaded onto 20% (19:1) polyacrylamide and 7 M urea
denaturing gel and electrophoresed at 700 V for 30 min. The gel was dried and exposed to X-ray film

with intensifying sheets at —80 °C. Mismatch experiments were also carried out as described above.

Measurement of melting temperatures. Thermal denaturation profiles were obtained with a Jasco
V-550 spectrophotometer. The absorbance of the sample (I UM strand concentration, 50 mM sodium
acetate buffer, pH 5.0, 100 mM NaCl and 20 mM MgCl,) was monitored at 260 nm from 2 °C to 82 °C at
a heating rate of 1 °C per min before and after photoirradiation at 366 nm. Melting temperatures were

determined as the maximum in a plot AAbs260/Atemp vs temperature.

Measurement of CD spectra. CD spectra were measured at 4 °C on a JASCO J-720 spectropolarimeter
with solutions (2 UM strand concentration, 50 mM sodium acetate buffer, pH 5.0, 100 mM NaCl and 20
mM MgCl,) before and after photoirradiation at 366 nm. CD data were transformed into molar

ellipticity in the units of degree cm’/dm of monomer subunits.

Preparation of modified plasmid DNA.? Modified plasmid DNA 10 and 11 was constructed by
insertion of ODN 2 and ODN 3 after treatment with EcoRI at the EcoRI site (+236) of the pUC 18
plasmid. ODN 2 and ODN 3 (each 100 uM, 5 puL) were treated with EcoRI (2.5 units, 5 puL) in
Buffer-H (20 uL) and MilliQ (165 uL) at 37 °C for 15 h. After ethanol precipitation, digested ODNs
(each 100 uM, 0.5 pL) and pUCI8 (2.0 puL) were treated with T4 DNA ligase (0.75 units, 1.5 uL) in
Ligation Buffer (0.5 mL) at 16 °C overnight. After color selection, modified plasmids were purified by

using QIAGEN Plasmid mini.

Reversible photopadlocking on plasmid DNA. A solution (total volume 10 ML) containing

32p-5°-end-labeled ODN 1 (ca. 2 x 10* cpm, 2 uM) and plasmid DNA (0.125 pg/uL) in 50 mM sodium



Supplementary Material (ESI) for Chemical Communications
This journal is (¢) The Royal Society of Chemistry 2007

acetate buffer (pH 5.0), 100 mM NacCl, and 70 mM MgCl, was irradiated with a transilluminator (366 nm
or 302 nm) at a distance of 3-5 cm at 0 °C for 3 h. To the reaction mixture was added 10 puL of loading
buffer (a solution of 80% v/v formamide 1 mM EDTA, 0.1% xylene cyanol, and 0.1% bromophenol blue)
to quench the reaction and the samples (1-2 UL, ca. 2-4 x 10° cpm) were loaded onto 15% (19:1)
polyacrylamide and 7 M urea denaturing gel and electrophoresed at 700 V for 30 min. The gel was

dried and exposed to X-ray film with intensifying sheets at —80 °C.

Treatment of padlocked DNA with restriction enzyme. After photoirradiation as described above,
EcoRI (12 unit/uL) with a 10 x buffer or HindIIl (15 unit/uL) with a 10 x buffer was added to the
reaction mixture. The solutions were incubated at 37 °C for 1 h. To the reaction mixture was added

10 UL of loading buffer and analyzed as well.

Measurement of melting temperatures and CD spectra. As shown in Figure S1, thermal denaturation
measurement of the reaction mixture exhibited a biphasic melting profile characteristic of triple helix.
From these results ODN 1 containing “V'U at its 5’-end has been shown to bind DNA double helix to form
triple helix and to be linked at its own 3’-terminal to give a circular ODN 4 reversibly by photoirradiation.
Based on CD studies, the structure of the complex containing ODN 4 after photoirradiation was typical
B-type DNA, characterized by a positive band at 280 nm followed by a negative band 245 nm and a
positive band at 225 nm. No significant structural change was observed as compared with before
photoirradiation (Figure S2).” The melting temperature (7,) of the first transition increased from
45.2 °C to 49.2 °C after reaction. Thus, the circularization of ODN 1 afforded a stable triple helix

because of its longer sequences hybridized with ODN 2 by joining two ODN 1 segments.
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Figure S1. The UV melting curves (H = relative hyperchromicity, A = 260 nm) of (i) before reaction,
Tw=45.2 °C, 71.3 °C (ii) after reaction, T,,= 49.2 °C, 71.3 °C in 1 uM each strand, 100 mM NaCl, 20 mM
MgCl,, 50 mM sodium acetate (pH 5.0).
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Figure S2. CD spectra (i) before reaction (ii) after reaction in 2 uM each strand, 100 mM NaCl, 20 mM
MgCl,, 50 mM sodium acetate (pH 5.0).



Supplementary Material (ESI) for Chemical Communications
This journal is (¢) The Royal Society of Chemistry 2007

References

(1) (a) Maxam, A. M.; Gilbert, W. Proc. Natl. Acad. Sci. USA 1977, 74, 560. (b) Maniatis, T.; Fritsch, E.
F.; Sambrook, J. Molecular Cloning; Cold Spring Harbor Laboratory Press: Plainview, New York,
1982.

(2) Sambrook, J.; Fritsch, E. F.; Maniatis, T. Molecular Cloning: A Laboratory Manual, 2nd ed.; Cold
Spring Harbor Laboratory Press: New York, 1989.

(3) Saenger, W. Principles of Nucleic Acid Structure; Springer-Verlag: New York, 1984.




<<
  /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


