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NUCLEOSIDES & NUCLEOTIDES, 18(6&7), 13 1 1-1 3 12 (1 999) 

EFFICIENT AUTOMATED SYNTHESIS OF MOLECULAR BEACONS 

Bashar Mullah* and Ken Livak 
PE Applied Biosystems, 850 Lincoln Centre Drive, Foster City, CA 94404, USA 

ABSTRACT: Automated synthesis of molecular beacons using 4-(4-dimethylamino 
phenylazo) benzoic acid (dabcyl) support and phosphoramidite is described. 

Molecular beacons are oligonucleotide probes bearing a fluorescent reporter and a non- 
fluorescent quencher dyes and are used for detection of specific nucleic acids sequences in 
hybridization based assays.' Molecular beacons possess a stem-loop structure. The stem 
brings reporter and quencher dyes in close proximity which results in quenching of the 
reporter by fluorescence resonance energy transfer.' The non-fluorescent quencher used in 
molecular beacons is 4-(4-dimethylamino phenylazo) benzoic acid (dabcyl). Reported 
synthesis of molecular beacons involves two consecutive reactions of deprotected 
oligonucleotide containing a sulfhydryl and a primary amino groups at two ends with 
activated dye derivatives.' Post synthesis addition of dyes to beacons involves labor 
intensive purification process and double dye-labeled beacons are isolated in low yield. 
Here we describe an efficient automated synthesis of molecular beacons. 

We have reported automated synthesis of double dye-labeled oligonucleotide probes in 
high yield by using dye labeled solid supports and dye phosphoramidites.3 Only a few 
fluorescent dyes are commercially available as ph~sphoramidite.~ In an effort to automate 
and to improve the synthesis of molecular beacons we have derivatized dabcyl labeled solid 
support (2) and synthesized dabcyl phosphoramidite (4). Coupling of dabcyl N- 
hydroxysuccinimide ester with non-nucleosidic support (1) in presence of triethylamine in 
DMF gave dabcyl labeled CPG support (2). Dye coupling was determined to be 96-98%. 
Compound 3 was synthesized in 98% yield by treating 2-aminoethbxyethanol with dabcyl in 
presence of 2-( 1 H-benzotriazol- 1 -yl)- 1,1,3,3-tetramethyluronium hexafluorophosphate and 
diisopropylethylamine in DMF. Reaction of 3 with 2-cyanoethyl tetraisopropyl- 
phosphorodiamidite in presence of tetrazole gave dabcyl phosphoramidite 4 in 68% yield 
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after chromatography. Dabcyl labeled CPG support was used with fluorescein 
phosphoramidites for the synthesis of fluorescein dye containing molecular beacons. For 
the synthesis of rhodamine dye containing beacons dabcyl phosphoramidite was used with 
rhodamine dye labeled supports. To investigate the quenching of fluorescein and rhodamine 
dyes by dabcyl, we have synthesized a number of molecular beacons having sequence, 
5'>X GCGAG-CCCTTCTCTGTGGCCACTTCAGCCTG-CTCGC-Yc3 ' . For fluorescein 
beacons, X = FAM, TET, HEX and Y = dabcyl whereas for rhodamine beacons, X = 
dabcyl and Y = TMR, ROX. The Tm of the stem was found to be 60-62°C. Quenching 
efficiency of dabcyl was measured by recording fluorescence spectra of the beacons at 22 "C 
and 73°C respectively. At 22°C the intact stem keeps the reporter in close proximity to 
dabcyl, resulting in greatly reduced fluorescence of reporter due to quenching. The stem 
opens at 73°C and this causes the reporter to move 

away from the quencher. As a result a significant increase in fluorescence of the reporter 
dye is observed. Fluorescein dye containing beacons showed 15-30 times increase in 
fluorescence at 73°C whereas rhodamine dye containing beacons showed 3 times increase in 
fluorescence at 73°C. The results indicated that dabcyl quenched fluoresein dyes better than 
rhodamine dyes. However, the quenching of rhodamine dyes was sufficient and these dyes 
could be used as reporters. The use of dabcyl support and amidite allows automated 
synthesis of molecular beacons containing fluorescein and rhodamine dyes as reporter. 
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