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1. Introduction

Bimnboim [1, 2] has used combined T, plus pan-
creatic RNAase digestion in a study of HeLa cell
tRNA and its precursors, By column and gel separa-
tion procedures he identified several oligonucleotides
of the type AnX, where X is U, G or C, as well as some
methylated products which were not fully characteri-
zed. Brownlee and Cartwright [3] also used combined
T, plus pancreatic RNAase digestion, followed by
two dimensional fingerprinting [4], in a study of
E. coli 16 S rRNA and its precursor.

We show here that when 32P-labelled HeLa cell
tRNA or its precursors are digested and fingerprinted
in this way, not only are all the standard (AnX)
products separated, but also several non standard
products as well. The latter include pseudouridylic
acid (y)-containing products, an array of methylated
products and pUp from 18 S RNA. The procedure
should therefore prove useful for examining high mole-
cular weight RNA’s generally, and particularly other
eukaryotic rRNA’s for the presence of such distinctive
products.

2. Methods

Ribosomal and nucleolar RNA were labelled for
16 hr with 2P0, as will be described elsewhere
(Salim and Maden, in preparation) and isolated by cell
fractionation and sucrose gradient centrifugation
{5, 6]. 32 S RNA was obtained free from possible
contamination by partly degraded 45 S RNA by means
of an “actinomycin chase™ [6]. Aliquots containing
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10—20 ug and 0.5-5X10® cpm were lyophilized and
digested with a mixture of T, and pancreatic ribo-
nuclease (1:10 enzyme to substrate ratio, 0.01 M Tris-
HCl pH 7.4, 0.001 M EDTA, 45—60 min at 37°). The
products were separated by electrophoresis on cellulose
acetate at pH 3.5 (2.5 hr, 4.5 KV) followed by DEAE
paper in 7% formic acid (16 hr, 1 KV), The region
from the origin to the first pink marker dye was trans-
ferred from cellulose acetate to DEAE paper. Vigorous
digestion was important. Under milder conditions a
faint array of incomplete digestion products was
sometimes seen, interfering with recognition of
genuine enzyme resistant “minor” products.

3. Results and discussion

Fingerprints are shown in fig. 1. Standard products
(unshaded in diagrams) were identified by base com-
position analysis. Products 20X, 22X, 23X and 26X
(grey in diagrams) were characterized as Y, A, ¥, A;¥
and Ay, respectively, by alkaline hydrolysis followed
by chromatography of the “U-like” product in iso-
propanol:HCI:H,0 [7]. Nearly all of the remaining
minor products (black in diagrams) are methylated,
including the highly characteristic 28 S products
1—11 and 18 S products 2—9'. These products can be
selectively labelled with ['*C-CH, Jmethionine, and
are further described in the following paper [8]. 18 S
RNA also yields one non-methylated product (1) with
a very rapid mobility at pH 3.5. Treatment of this
product with alkaline phosphatase converted all label
to P;. The product was characterized as pUp, and is
present to the extent of approx. 0.7 mole per mole
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Fig. 1. Combined T; plus pancreatic RNAase fingerprints of HeLa cell 32P-labelied tRNA and precursors. In the diagrams pro-
ducts 1-11 are offset to the left to facilitate lettering. U!, G!: 2'3’cyclic mononucleotides. y-Containing products are shaded,

and all methylated products which are clearly resolved in the fingerprints are marked black. Primed numbers refer to certain 18 S

unique products.
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Table 1
Molar yields of A rich products and y-containing products from rRNA and precursors.

188 288 3258 455
AgU 0.73 (1) - - 1.59 ()
AqU 0.18 () 1.79 (2) 1.98 (2~-3) 4-5
AsG - - - 0.6 (1?) \
AlG 1.4 (2)* 3.5(4) 3.6(4) 5.6 (6-7)
AsC - - - -
A4C 0.8 (1) 0.8 (1) 1.2(1-2) 2.4 (3)
Agy 0.6 (1) - - 0.81 (1)
Azy 0.9 (1) - - 1.29 (1-1.5)
Ay 2.5(2-3) 3 3 6.3 (6)
v ++ ++ ++ ++

From fingerprints of uniformly labelled RNA containing ~ 0.5 X 108 cpm all spots were cut out for scintillation counting. The
sum of the counts was divided by the number of nucleotides in the respective RNA species, estimated from their molecular weights
[10]. From the quotients, and knowledge of the sequences and cpm of the individual products, molar abundances were derived.

Suggested integers are in parentheses.

* A4G from 18 S RNA contains roughly equimolar amounts of the unmethylated product and the methylated derivative

(A2,AmA)G.

18 S RNA. It is the only end group which has so far
been positively identified in this work. pUp was
previously identified as the major 5" end group of L
cell 18 S RNA [9].

The distribution of the longest standard products
and the Y-containing products between rRNA and
the precursors is summarized in table 1. 28 S RNA,
and also pure 32 S RNA, yield A,U, A,G and A,C
but no longer runs of A residues. By contrast 18 S
RNA yields A U, as also reported by Birnboim [2],
but almost no A,U. The modified sequences A,y
and A4V are also unique to 18 S RNA, whereas A, ¢
and free Y are common to both RNA species. Unlike
several methylated products [8], A-rich products were
recovered in significantly submolar yields. While this
might conceivably imply sequence heterogeneity, it
seems more likely to signify overdigestion with pan-
creatic RNAase. It is difficult to obtain complete
digestion by this enzyme without introducing some
cleavages at A residues [11]. Trace amounts of A, U
in 18 S fingerprints might also have arisen in this way.

The number of sequences in 45 S RNA in which
A > 4 is somewhat larger than the number of such
sequences in 28 S + 18 S RNA (nearest integers ~ 17
and 12, respectively). This implies that the non con-
served regions of 45 S RNA contain a few, but only a

few, runs of 4 or more A residues. Yields of the
shorter standard products were also checked and the
combined yields agreed approximately with the overall
base compositions of the RNA molecules [12—14].
Perhaps the most striking results of this analysis
are the confirmation of ¥ as a modified nucleotide in
HeLa rRNA and its precursors, and the complete
separation of an array of 2'-O-methylated products.
Y was first identified in HeLa rRNA and precursors
by Attardi and co-workers [13, 14]. The present
results, like theirs, show that this type of modification
takes place in the nucleolus at the level of 45 S RNA.
Qualitatively the distribution of y/-containing
sequences in the precursors resembles that in the
respective mature TRNA species. Quantitation, parti-
cularly of free ¥, has so far been insufficiently precise to
permit a definite conclusion as to wheter ¥ is entirely resti
restricted to the ribosomal parts of the precursors. The
pure methylated products 1—11 have been character-
ized in some detail [8]. Ready detection of such pro-
ducts in digests of >?P-labelled RNA offers a means for
examining some aspects of RNA methylation in situa-
tions where methy! labeling may be difficult or im-
practical.

1 Product 20X may be the cyclic form of y.
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