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Regioselective ligation of oligoribonucleotides using DNA
splints
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We describe here a novel method for the ligation of
oligoribonucleotides with T4 RNA ligase that relies on a DNA
splint to approximate the ends ofRNA strands, resulting in greatly
improved yields of the desired RNA product (1, 2). When
sequential ligations are performed, the method may be used to
sequence specifically incorporate non-standard nucleotides that
may not be compatible with current chemical synthetic
technologies. The present method requires that the DNA splint
lack elements that base-pair to the immediate vicinity of the splice
junction so as to create a broken interior loop structure (complex
3, Scheme 1) that is compatible with T4 RNA ligase specificity
(3).

Oligoribonucleotide 1 bearing the non-standard nucleotide iso-
cytidine at its 3'-end was prepared from a 42-mer precursor using
T4 RNA ligase and an excess of iso-C-3'(2'),5'-diphosphate in
15% yield after denauring PAGE purification (4). Treatment
ofRNA/DNA complex 3 first with polynucleotide kinase (5) and
then with T4 RNA ligase, furnished ligated product 4 in 53%
yield. Oligoribonucleotide 4 was found to be an efficient RNA
message for in Wtro translation, where the new codon (iso-C)AG
is recognized by a semi-synthetic tRNA bearing its cognate
anticodon (1). It is noteworthy that iso-C is incorporated into
4 without suffering deamination to U, a side-reaction that is
known to occur under the conditions of RNA chemical synthesis
(6). This point was confirmed by the failure to observe btanslation
products that would have resulted from a UAG codon had it been
present in 4 (1).
The facile ligation in the presence of a DNA splint may be

attributed to an increased local concentration of active, single-
stranded RNA ends as well as suppressed formation of
polymerization and circularization side-products (7).
The DNA splint ligation method allows the synthesis of long

oligoribonucleotides and even polyribonucleodes containing non-
standard bases that are difficult or impossible to make by other
methods. The method should find application where there is a
need to extend Nature's four ribonucleotide building blocks, such
as expanding the genetic code (1).
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Sheme 1. 1, 2, splint-A, cap-A and cap-B (3 FM, each) were annealed by heating at 90°C for 2 min followed by cooling to 15°C over 40 min. The RNA/DNA
complex 3 was kinased using T4 polynucleotide kinase (50 U/mL) in the presence of Hepes (50 mM, pH 6.9), MgCI2 (20 mM), dithiothreitol (3.3 mM), ATP
(30 IM), BSA (10 pg/mL), and incubating at 37°C for 1 h. Ligation of oligoribonucleotides 1 and 2 was performed by adding T4 RNA ligase (4 U/mL) to the
mnixture and incubating at 150C for 2 h. The oligoribonucleotide product was obtained by (a) adding RNase-free DNase 1 (8), (b) precipitation of the RNA from
EtOH/H20, and then (c) HPLC using a Pharmacia ODS 120-T column (triethylammonium acetate, 100 mM, pH 7, (A) and CH3CN, (B); 100% A to 80% A/20%
B, 20 min).
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