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Fluomscent labeling of oligonuckotides have been attracting current interest in connecuon with the development 

of new methods for distinguishing and detecting specific nucleic acid sequences. 1 Apyrenegroupbasbeenchosen 

ssanatta&edfragmentbecauseofitsintemsdngflmxescentand srructuralpropertieS.andhasbaenittnoducedViac 

rtkrtlvcly long Unkr into digonucleotides at an internal2 or a ~-terminal phosphorus3 It has been shown that 

these pytene-ohgonucleotide conjugates bind to their complementary DNA resulting in considerable quenching of 

pyrene fluorescence due to its intercalation. 3a In order to effkiently monitor the hybrid formation with the 

complemenmryDNAbothinheterogemzousandhomogenecus syrrtemstJreff uomscentsignafshouldnotbeweaken 

after the hybridization. For this purpose, the intercalation of pymne should be avoided upon forming the complex 

between pyrene-oligonucleotid and their complementary DNA. We describe here a new chemical method for 

introduction of pyrene via u rckrtive~ short linker into a 3’- or 5’-terminal hydroxyl group of oligonucleotidea 

SpeCtnwcopiCSttBdieS 8hOWthttheflUOE8CX nce of the attached pyrene is not quenched after the hybrid formation 

with the complementary DNA. The present pyreneoligon~kotide derivatives provide promising candidates as 

new hybridization probes for DNA. 

Incorporation of pyrene via a methylene linker into S-hydroxyl function of oligomtcleotides was initiated by 

preparation of S-( 1-pyrenylmethyl)thymidine, S-(pyr)T. which was then converted to the 

phosphorobisdiethylamidite derivative I. This reagent was used for the solid-phase synthesis of digon~kotidcs 

with a pyrenyhnethyl group. 3’Dimethoxytritylthymidine (20 g, 3.7 mmol) wss allowed to teact with l- 

pyrenylmethyl chloride (1.2 g. 4.5 mmol) in the presence of excess potassium hydroxide (1.5 g) in a mixture of 

benrenedioxane (20 mL10 mL) under mfluxed conditions for 2 h The successive tmatment with 80 % acetic acid 

at r.t. for 15 min gave S’-(pyr)T (0.55 g. 33 %).4 5’-(pyr)T was then phosphitylated with 

bis(diethyhunino)p oridite in a usual manner.5 yielding S’-(pyr)T 3’-phosphorobsdiethykntidite. S- 

(pyr)TCCCAAAAACCTGCC 2 was 8ynthesizcd mmudly by coupling (10 min) of S-(pyr)T phc@m&isamidite 
(0.2 M) in the presence of 0.1 M pnitrophenyltetrazole in CH3CN with the S-OH of the fully protected 

oligonucleotide (0.2 umd) bound to CPGP After hydrolysis and success ive oxidation in a usual way,5 
depm&knwascarriedoutby treatment with conc.Nf-UOH at 55Y for 10 h. The desired 
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S-(pyr)TGCCAAAAACCTGCC 
2 : R= mp&=w 

S’CCGCGTGGTCGACT& py; 

3 
& S-CCGCGTGGTCGACU(pyr) 

4 as : R’= A-yav&ulyl 
=, - 

oligonuckotide was purified by reversed phase HPLC (YMC-packed Cl& 6 x 150 mm). The elution was cartied 

out by a linear gradient (l%/min) of CH3CN starting from 10 % CH3CN in 0.05 M TEAA (pH 7.0) at a flow rate 

of 1.0 mUmin. With this conditions, the pymne-modified oligonuckotide (appeared at 27.0 min) could be 

separated very well from the failed sequence (at 4.5 min). 7 Thus the pure oligomer was isolated in a yield of 5.7 

O.D. unit at 260 nm. Tbe base composition and the pmscnce of S-(pyr)T in the oligonuckotide 2 were vetikd by 

enzymatic digestion analysis5 (S-(pyr)T:dC:dG:T:dA=O.93:6.0: 1.9: 1.051) and UV-vis spectrum (selected 

cbarac&stic hmax: 265.348 Ml). 

Alternativeiy, intrcduction of pyrene into 3’-OH of oligonucleotides was initiated by preparation of 5’- 

dimethoxytrityl 3’-( 1-pyrenylmethyl)uridine bound to silica 3. 2’b’Ditrityluridine was derivatixed with a 

pyrenylmethyl group at 3’-OH by essentially same procedure reported for the preparation of 2’-pymne-modified 

uridine.8 By this procedure, 3’-(l-pyrenylmethyl)uridim, U3’-(pyr), was obtained in a yield of 66 %.9 The 

nucleoside, U3’-(pyr), was reacted with 4.4’dimethoxytrityl chloride (DMT-Ci) in dry pyridine at r.t. for 2 h, 

giving S-DMT U3’-(pyr) (62 %). 10 The DMT-nucleoside was covalently attacbnd via 2’-OH to aminopqylsilica 

in a usual manner,l 1 giving the DMT-nucleoside kaded silica 9 (31.6 tunobg). This silica was applied to DNA 

synthesizer6 to prepare the digonucleotides with pyrene at 3’-terminus. After &protection by the same way 

described above, the DMT-oligonucleotides were purified by reversed phase HPLC (YMC-packed Clg, 6 x 150 

mm). 12 After treatment with XI% acetic acid (r.t.. 15 min). the final purikation was effected by the same HPLC 

for the S-modified digonuckotide, yielding S’-CCGCGTGGTCGACTU(pyr) 4 (RT.: 22.8 min; 3.7 O.D. unit 

from 0.2 pmol synthesis scale) and S-CCGCGTGGTCGACU(pyr) 5 (RT.: 22.1 min; 11.2 O.D. unit from 1.0 

pmd synthesis scale). The base composition and the presence of U3’-(pyr) in the digonucleotides 9 and L were 
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verified by enzymatic digestion analysis13 (dC:dCkT:dAzU3’-(gyr)= S.1:S.Oz3.O11.OzO.97 for& 5.&4.7:2.0~1.1: 1.1 

for a and W-vis spectra (selected knax: 262.3S3 nm for 4; 261.352 nm for 3. 

The interaction of the pyrem-oligonucleoti~ with the DNA digomer contining complementary sequence was 

spectrophotametorically investigated in a phosphate buffer (pH 7.0) containing 0.1 M NaCI. The W-melting 

curvesat260mnforthel:l(md:md)mixturesof~pyrenadigonudedi&(2a~wifhtheoomplementaryDNA 

(51-C$GCAGOTTTlTMKAAAOTCOACCACCACGCX3~) are shown in Figure 1. Both profiles show typical 

sigmoidal curves and exhibit a clear melting transition, giving the tms of 61.2YZ (hypochromicity: 12.3 %I) for 

duplex of 2 and of 68.PC (hypochromicity: 14.5 %) for a.14 Figure 2 represents the fluorescemx speceaof2 
and9inthcabsmceand~oftbeDNA30-merat200C. Ineachcase,theflm duetopymnewas 

not quenched or rather slightly enhanced upon duplex formation of the pyrene-oligonucleotide with the 

complementary DNA. The addition of DNA 30-mer (I molar equiv) to a solution of the pyrenedigcmuckotide at 

2ooC~veonlyslighthypochromicity(~S%for~;2%for4)attheWabdlorptiondueto~betweenux)- 

360nm:red&ftoftheahso@onmaximawasnotobselved. ThesefluonXemX dZbOlptiCXlspectrosoopiC 

studiessuggestthat,owingtothtshortlinlrer,theWrtmattacbedtothedigonudeotidtdotsnotintercalateintothe 

base-paim of the duplex. 

Since the attached pyrenes are relatively free from interaction with nucleic acid bases in the template DNA, 

interesting possibility would involve the pyrene-excimer formation in the ternary complex of& 4 (or a and the 

DNA30-mer. ~e~dseethatthe~rsolsequencesof2and4(or~areappropriatefortwo~~tobe 

accessibie each other upon fanning the complex. Although we observed a clear melting profile (tm: 629’C) for the 

l:l:lmixtureof2,~andDNA30_mer,onlymonomermrissionwasdetededat2(PCinthefl~spcctrum. 

We are now exploring new systems for detecting specific DNA by using pyrene-excimer emission as a measumble 

signal. 

In summary, we have developed a new method for incorpotation of pyrene through a methylene link into 9- or 

3’-hydroxyl group of oligonuckotides. The syntheses of these oligomers were easily conducted on DNA 

synthesizer by using a p~modificd nucleoside phospholpbisamidite and a pyrenemodificd nudeoside loaded 

Figum 1. UV-melting curve for the mixhue (total 
5tmndumcentmtion:4x1O-SM)of 

Figure 2. RUXXXUMX sPectraof_ 

pynme&gonucle&de with DNA UTmer. 
oligom&otides (2 x in lC+ M) in the 
a- (dashed line). and v 
(~dh~~~~uimolar DNA 3omer. 

Q: oligomerp 
l : oligomer 9 

PanelA:oligox& 
Panel B: digomer 4 
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silica. The isolation of the oligonudeotide derivatives was accotuphshedbyausualrcversedphaseHPIX. The 

pmperties of the pyreoe+Zonucle&ides synthesized hem would be satisfii in we of these digomcrs as probes for 

specific DNA. 
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