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Abs t rac t :  Biotin phosphoramidite 1 has been synthesized by a simple two-step 
procedure. With this reagent 5'-biotinylated oligonucleotides are easily prepared 
usi.ng an automated DNA synthesizer. 

Labeled oligonucleotides have been used widely as hybridization probes for the 
detection of specific gene sequences including those associated with human genetic 
disease. While such probes are most commonly labeled by enzymatic incorporation of 
the isotope 32p, they may also be labeled with biotin which is highly detectable by 
virtue of its tight binding to proteins avidin and streptavidin. Biotin is a safer and at 
times more convenient alternative to radioactive labels. Of particular recent 
interest are oligonucleotides to which biotin has been attached to the 5' hydroxyl 
group of the terminal nucleoside basel,2. In addition to hybridization probes, such 5'- 
biotinylated oligonucleotides have demonstrated application in ligase-mediated gene 
detection3, direct dideoxy sequencing following PCR4, and non-radioactive sequencing 
of DNA5. However, the use of 5'-biotinylated oligonucleotides in these and future 
applications is limited primarily by the lack of an efficient method for their 
preparation. 

Typically, 5'-biotinylated oligonucleotides are prepared by the solid phase 
synthesis of oligonucleotides carrying a reactive aliphatic amine which is then 
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derivatized by an active ester of biotin1. Although a recent procedure has been 
decribed which allows the solid phase synthesis of biotinylated oligonucleotides2, all 
of the methods currently available require specialized reagents as well as reaction 
and purification steps beyond those used in automated solid phase synthesis, the 
technique by which the vast majority of synthetic oligonucleotides are now prepared. 
This report describes a biotin phosphoramidite reagent 1 which can be directly used 
in automated ol igonucleotide synthesizers to prepare 5'-biot inylated 
oligonucleotides. This reagent makes biotin-labeled oligonucleotides as accessible 
as ordinary oligonucleotides. 

Reagent 1 has been used to prepare a number of oligonucleotides 2 in which 
biotin has been attached to the phosphate group of the terminal 5'-base through a p- 
aminophenethyl spacer group. The p-aminophenethyl group imparts excellent physical 
characteristics on phosphoramidite 1 making it easy to purify by precipitation and 
convenient to manipulate and store. The length of the p-aminophenethyl spacer group 
allows the biotinylated oligonucleotides 2 to bind efficiently to solid supported 
streptavidin, and its hydrophobicity makes it simple to analyze and purify these 
oligonucleotides by reverse-phase HPLC. 

Phosphoramidite reagent 1 is easily prepared by a two-step procedure starting 
from commercially available biotin N-hydroxysuccinimide ester 3. First, the 
intermediate p-aminophenethanol amide 4 is prepared by heating a DMF solution of 3 
and p-aminophenethyl alcohol (1.15 eq) at 50 ° for 24 hr. After evaporation of the 
solvent, pure 4 is obtained by first boiling the reaction product for 15 min in 
refluxing ethanol, and then collecting the solid product (80% yield) by vacuum 
filtration of the cooled suspension. Phosphoramidite reagent 1 is prepared from 4 by 
a modification of the general method of CaruthersS. A solution of 4, 2-cyanoethyl N, 
N, N', N'-tetraisopropylphosphorodiamidite7 (1.2 eq), and diisopropylammonium 
tetrazolide (0.6 eq) in dry DMF is stirred 3 hr at room temperature. The reaction is 
first quenched by the addition of a small quantity of methanol, and then worked up by 
pouring the reaction mixture onto aqueous sodium bicarbonate and extracting with 
methylene chloride. The crude product is effectively purified by precipitation. A 
concentrated methylene chloride solution is added dropwise to a rapidly stirring 16- 
fold volume of hexane at 0 °, and the precipitated product is collected (75% yield). 
Reagent 1 is obtained as a stable, dry powder which can be conveniently weighed out 
and manipulated in air8. 

We have now used 1 to prepare very conveniently a large number of 5'- 
biotinylated oligonucleotides on both a DuPont Coder TM 300 and an ABI 380A DNA 
Synthesizer. A vial containing a 0.1M solution of the reagent in 15% DMF/methylene 
chlorideg is'attached to the extra port on the synthesizer which is then programmed 
to use the reagent when attaching the terminal 5'-residue of an oligonucleotide. The 
instrument's standard synthesis cycle (tetrazole-catalyzed coupling, capping, and 
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oxidation) followed by removal of the nucleoside protecting groups affords directly 
high yields of biotinylated oligonucleotideslo. For many applications these 
oligonucleotides may be used without purification. HPLC purification and 
identification of these modified oligonucleotides are greatly facilitated by their long 
retention times relative to oligonucleotide failure sequences which do not contain 
the relatively hydrophobic N-biotinyl p-aminophenethyl group11. We anticipate that 
users of automated DNA synthesizers will find it convenient to prepare 5'- 
biotinylated oligonucleotides using biotin phosphoramidite reagent 1.12 
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1H-NMR (CD2CI2) : ~ 8.30 (m, 1H, NH), 7.50 (d, J=7, 2H, ArH), 7.15 (d, J=7, 2H, 
ArH), 6.55 (d, 1H, NH), 5.52 (m, 1H, NH),4.47 (m, 1H, NCH), 4.30 (m, 1H, NCH), 3.5- 
3.9 (m, 6H, 2X CH20 + 2X NCH(CH3)2), 3.14 (m, 1H, SCH), 2.80-2.95 (m, 3H, CH2Ph 
+ SCH), 2.65 (d, J--13, 1H, SCH), 2.57 (t, J=7, 2H, CH2CN), 2.30 (t, J=7, 1H, 
CH2CO), 1.75 (m, 4H, 2X CH2), 1.43 (m, 2H, CH 2), 1.15 (m, 12H, 2X OH(OH3)2). 1H- 
decoupled 31P-NMR (CD2CI2): ~ 148.96 (s). 
Reagent 1 is not soluble in acetonitrile, the solvent most commonly used in 
automated DNA synthesizers. This mixture of DMF and methylene chloride 
provides optimum coupling efficiency. Both solvents should be dry and DMF 
should be free of amines. 
Running the standard 55 ° ammonia deprotection reaction for the minimum time 
(4 - 6 hr) ensures that the linker amide bond will not be cleaved. That the 
biotin group of 2 remains intact throughout the synthesis cycle and 
deprotection steps was demonstrated by the quantitative removal of 
oligonucleotide 2 from aqueous solution by solid-supported streptavidin. 
Retention times are consistently 8-10 minutes longer than the corresponding 
unbiotinylated oligonucleotides under standard HPLC conditions (C8 column, 5- 
15% acetonitrile in 0.1M aqueous TEAA, pH 7.0). 
Since this paper was submitted, a report describing an alternative biotin 
phosphoramidite reagent has appeared: A.M. Alves, D. Holland, and M. D. Edge, 
Tetrahedron Lett. 1989, 30, 3089. 
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