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Mapping the 3ends of RNA molecules at nucleotide sequence ITF
resolution is a frequently encountered problem. S1 nuclease ATP [P aATP (-} GTP CTP UTP
mapping () is a sensitive and often very successful approach for — Tim {Min] _ Tt035 11035 7 1030 11030 110 321 15 301 10 30

localizing 3 ends, although it does not usually allow specification
of an exact end with confidence. Enzymatic labeling of the
3'-terminus of an RNA followed by RNA sequencing is readily
applicable to RNAs that can be obtained in pure form, although
it becomes complicated if there is significaritteBminal
heterogeneity.

Tailing of RNA with poly(A) polymerase frorscherichia
coli was used >10 years ago in the cloning and sequencing of U7 Tail S
snRNA, including determination of itséhd @). The availability :
of very active, pure recombinant yeast poly(A) polymeradse (
facilitates the use of this enzyme féreBd determination; the
method is applicable to small quantities and requires neither a -
pure RNA species nor a homogeneousrl. As described by :
Lingneret al (4), the successive steps are: (i) poly(A)-tailing of
the RNA; (i) cDNA synthesis using reverse transcriptase (RT)
and a primer ending in 18 T residues, which hybridizes to the
poly(A); (iii) PCR usingTag polymerase, the d§ primer and a
second DNA primer with the same sequence as a known internal
region of the RNA, (iv) cloning of the PCR products; and (v)
dideoxynuclle(zti()je slequence analysis gl;arjnultiﬁle cloned DNAs. RSttt o g ot s
Because poly(A) polymerase requires-ay&iroxyl group on its - . e R
RNA substrate, this method has an additional advantage over the yeee™ et
S1 nuclease method: products of transcriptional termination and
most 3-end processing events are revealed, while degradation
products (typically 23'-cyclic phosphate or-®hosphate termini)
are discriminated against.

In applying the poly(A) polymerase method to HelLa cell RNAFigure 1. Utilization of different nucleoside triphosphates by poly(A)
using an internal primer specific for the telomerase RNA, W@°3T§£Z|S§a g?ﬁtg[%%fébwfﬁ'ggidﬁ \(::vgsCLtJh%LrJ\ was ;;Zfé“?'%;ﬂr]%ized
encountered an ambiguity that is of general S|gn|f|ca_1nce (see _aI,%e ombinant yeast poly(A) polymerase (USB, Amershan LIFE SCIENCE Inc)
ref. 2). The sequence of the cDNA of the poly(A)-tailed RNA IS ang 0.5 mM of the indicated nucleoside triphosphate under conditions of
shown below, aligned with the sequence of the correspondingngner and Keller (3). At the times indicated, portions were removed and
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region of the gene determined by Feng[ (5); reaction was stopped with an equal volume of 95% formamide. Products were
analyzed on a 20% polyacrylamide (29:1)-8 M urea gel. (ITP + ATP) lanes:
CDNA...... CATGCAAAAA... time points following the addition of ATP after a 30 min preincubation with ITP.
Gene......CATGCAGTTC.... () lanes: no nucleoside triphosphate added.

Without additional information, it is impossible to tell if the

underlined A was added by poly(A) polymerase (in which case A solution to this problem was based on the ability of poly(A)
the telomerase RNA terminates in CATGC) or if, alternativelypolymerase to incorporate other nucleotides at low efficiency.
the telomerase RNA terminates with the underlined A. The non-A nucleotide can be used to mark the predem@nus
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1 COCAGOHACTOGECTCACACATE.  GAAAAAAAAAAAAAAN — GTOGACTTOOADD

1 COCAGHACTOGGITCACACATE!  GOAAAAAAAAAAAANAS—OTODACCTOCADO

1 COCAGGACTORRCTCACAC AT CHRAAAA AR A A S A A A — TR ADTTECAGE

1 DOCAGOACTORGCTCACACATES AGAAANGEAAAAAAAN —CGTOGEADTTOUALG
1 DOCAGGACTO AT AT GRAGAAAAAAANAAAS—FTORADCTOCAGO

Figure 2. Sequences of cDNA clones of human telomerase RNA that identify the Ri#nBnus. HelLa cell RNA was subjected to polyacrylamide gel
electrophoresis, and a wide region of the gel containing telomerase RNA was excised. The resulting RNA was treated with poly(A) polymerase as describe
Figure 1, with 0.5 mM ITP for 20 min followed by 0.5 mM ATP for an additional 10 min. Then cDNA was synthesized with AMV reverse transcriptase (Life Science:
and primer dTg complementary to the newly synthesized poly(A) tail, first &C3fdr 20 min and then 5€ for 15 min. [Primer dig is dGTGTCGAC(T1g);
nucleotides in bold give $al restriction endonuclease site.] The mixture was heated @853 min to denature the reverse transcriptase. dNTPs were removed
by gel filtration on a G25 spin column (Boehringer). Amplification by PCR using primegsad@ HTelo-294R, which anneals to a known sequence within the
telomerase RNA, resulted in a double-stranded DNA product of the appropriate size (data not shown). [Primer HTelo-294FGATARBEIGAGGCAC-
CCACTGCCACC; nucleotides in bold giveBanHI site.] The restriction endonuclease sites were added during the PCR amplification step for ease of cloning.
Following gel purification and cleavage witlal andBarH| restriction enzymes, the fragment was cloned into pUC19 and sequenced with a Sequenase kit (USB,
Amershan LIFE SCIENCE Inc.).

an general tails contained 18 As, occasionally more. Inefficient utilization of ITP during tailing followed by RT-PCR was expected to give a small number of Gs
the tail region of the cDNA, as seen in six of the 22 clones.

bPosition in telomerase RNA sequence (5).

of an unknown RNA, while the As provide the primer binding sitgolymerase Il 7). Alpha amanitin sensitivity suggests that the
for reverse transcription. Studies with a synthetic oligoribohuman telomerase RNA is instead transcribed by pol Il, but is not
nucleotide (Fig.1) showed that the polymerase adds inosin@olyadenylatedd). We now add that it is not even oligoadenylated.
inefficiently, and that this incorporation does not inhibit subsequerihe homogeneity of the human telomerase RNAn8 strongly
extension with As. Other NTPs also serve as substrates, CTP bedtiggests that it is generated by RNA processing. If so, it will be
used more efficiently than the others (although we have only teststeresting to determine whether the processing machinery is shared
ITP in the application described below). Repeating this experimeith that responsible for maturation of snRNAs or other poty(A)
with a model RNA ending in As (CUUAAAAA) gave extension RNAs.

with the various NTPs similar to that seen in Figlifglata not
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