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1. Introduction

At the present time, the most sensitive and precise
sequencing methods for RNA depend on biological
prelabelling of the RNA with [32P] phosphate {1].
Although this methodology has been highly success-
ful for sequencing viral and bacterial RNAs, charac-
terization of the structure of many RNAs in human
and other mammalian tissues, for reasons discussed
elsewhere [2], requires the development of novel
methods that are independent of biological labelling.
For the past several years, a major objective in our
laboratory has been the development of sensitive
methods for structural characterization of nonradio-
active nucleic acids. A recently discovered degrada-
tion process of polyribonucleotides [3] appears to be
well adapted to this purpose since the products
formed during this reaction are dialdehyde derivatives
of nucleosides and oligonucleotides, which are amena-

* This is part XV of a series entitled ‘Analysis of Nucleic
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ble to assay in a highly sensitive manner by reduction
with 3H-labelled borohydride. In this connection, it is
important that the degradation process itself takes
place at extremely low (1077 to 107° M) oligonucleo-
tide concentration, as demonstrated for trinucleotides
[4].

We have now extended the scope of this method
to longer oligomers with chain lengths of up to 10
nucleotides. This communication details results ob-
tained with tetra-, penta-, and hexanucleotides. The
time course of the reaction was analyzed by borotri-
tide reduction of nucleoside methylene dialdehydes
released during incubation with phosphatase and
periodate from the polynucleotide chain [3,4]. The
following observations were made:

(1) Complete degradation of oligonucleotides up
to decamers (and probably larger) takes place.

(2) Tritium postlabelling of nucleoside methylene
dialdehydes readily establishes the sequence of oli-
gomers of chain lengths up to six nucleotides.

(3) However, it appears that in many cases, espe-
cially for larger oligonucleotides, tritium derivative
analysis of oligonucleotide-3’ dialdehydes, as detailed
in a companion paper [5], is superior to assaying the
methylene derivatives.

(4) Since nucleoside methylene dialdehydes were
found to undergo slow hydration during incubation
at slightly alkaline pH to give nucleoside dialdehydes
the identification of the 5'-terminus of large oligo-
nucleotides may require alternative procedures such
as venom phosphodiesterase digestion followed by

tritium labelling.
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Fig. 1. Degradation of various oligonucleotides by periodate-phosphomonoesterase treatment. Assay of nonphosphorylated
dialdehyde derivatives by reduction with [3H]KBH4,TLC, and scintillation counting. For conditions, consult text.

2. Experimental

Reaction conditions were similar to those pre-
viously reported [4]. The reaction mixtures con-
tained: oligonucleotide (107 M), sodium borate (3 X
1072 M, the added buffer being 0.1 M Na,B,0,~HC(I,
pH 8.0 at 23°C), E. coli alkaline phosphomonoeste-
rase (ribonuclease-free, Worthington code BAPF;
0.007 ug/ul), and NalO, (1.8 X 107> M). Incubation
was at 50°C in the dark. Aliquots were withdrawn
during the reaction and kept at —72°C until borotri-
tide treatment. The reduction was initiated by adding
[PH]KBH, (2 Ci/mmole, a 20-fold molar excess over
NalQ,) to each aliquot. After 2 hr in the dark at
room temperature, acetic acid (final concentration
0.2 M) was added and the solution evaporated. The
residue was taken up in a dilute aqueous solution of
3H-rT' (4 X 107 M, 0.46 nCi/ul), which serves as an
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internal standard [4}, so that the volume of the final
labelled solution was the same as before addition of
borotritide. The solution was then immediately sub-

jected to silica gel TLC and quantitative analysis
(3.4].

3. Results and discussion

3.1. Degradation of a mixture of UpApApGp and
m® CpApApGp.

A 1:1 mixture of these tetranucleotides was ob-
tained by T, -RNAase digestion of yeast tRNALeY
[6]. Fig. 1A depicts the release of the various non-
phosphorylated dialdehyde derivatives from the oligo-
nucleotide chain, as assayed by tritium postlabelling.
In accordance with previous results obtained by
periodate-phosphatase degradation of ApUpG under
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comparable conditions (see fie. 3R of ref. 141 the
omparabl € condaitions (see 11g. ¢l {5}, ne

base composition is reflected by the peak heights of
the >H-labelled alcohol derivatives. Thus, for the
examples chosen, the number of A residues to the left
of the 3'-terminus directly correlates with the peak
height of (*H)-A"". A ratio of 3:2:1 was observed for
the peaks obtained from oligonucieotides having

thraas two and one A racnectively adiacent ta tha
ulrel, two, and oné A, réspeciively, agjacent 1o ind

3’-terminal G (compare figs. 1A,B, and C). The sum
of the peak heights of m®C’ and U’, which com-
pounds are derived from the 5'-terminus, approxi-
mately equals the peak height of G, as expected for
a 1:1 mixture of the tetranucleotides. Borotritide
analysis of nonphosphorylated dialdehyde derivatives

ralanond Fornan thacsa amanace mncoe T dlaseg ann ot T e oot
reieased irom these LUJuPUuuub LJlub [.)IUVIUCD UVl-

dence for the sequence U(m® C)AAG.

Inspection of fig. 1 indicates that there is a defined
induction period for the release of the dialdehydes,
depending on the distance of the parent nucleoside
from the 3'-terminus; these induction periods being
approximately 50, 100, 150, and 200 min for the
2nd, 3td, 4 4th, and 5th pOSIUUIl respeuwcly, under
the conditions chosen.

3.2. Degradation of CoCpCpApGp (fig. 1B)

e s . "
Here it ig claar from tha naal haight of A at
0Cre 1T 18 ¢i€ar irom né yvu:\ A8Ignt 01 A that

there is one A adjacent to the 3'-terminal G. The nex
dialdehyde released is the derivative of C; its peak
indicates the presence of two adjacent C residues. The
slope of the curve for C" also suggests that the two
C-derivatives are released after their appropriate in-
duction periods and there is no other base inter-

! . .
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cytidine dialdehyde. Since base composition analysis
of this compound shows the presence of 3 C, 1 A,
and 1 G the sequence of the pentanucleotide may be
deduced on the basis of the curves presented in fig.
1B.

3.3. Degradation of CpCpApApApGp (fig. 1C)

The height of the A" peak shows that there are
three A residues next to each other adjacent to the
3'-terminus. The fifth position is released as cytidine
methylene dialdehyde after an induction period ap-
propriate for its distance from the 3'-terminus; the
peak of its reduction product indicates one C residue.
The 5'-terminus is released as cytidine dialdehyde.

FEBS LETTERS

March 1974

compo si 1 mpoun
shows the presence of 2 C, 3 A, and 1 G the sequence
of the hexanucleotide may be deduced on the basis of

the curves of fig. 1C.

3.4. Comments

It thus appears that the sequence of oligonucleo-

tidag 111 1t 2 chain lanagth Aaf & mav he dadncad with.
tiGes Up 10 4 Cnain engin O © may oC GEGuUclcd Wi

out great difficulty by following the time course of
the release of nonphosphorylated dialdehyde deriva-
tives. We have also applied this method to octa- and
decanucleotides, e.g. CpApApCpCpApCpC and
ApApUpCpUpCpUpUpApGp. Evidence was obtained
for complete degradation upon incubation with
}‘TGIU4 and puOSpuaLaSi‘: C.g. the A residue aujacem
to the 5'-terminus of the decanucleotide was clearly
recognizable as a late peak of A”. (For reasons dis-
cussed below, the nucleoside trialcohol derived from
the 5'-terminus itself may not be a reliable indicator
for the completeness of the reaction in these exam-
ples.) However, since the degradation is extremely
sensitive to variations of the }‘IEIU4/IIUC1€0tlue and
enzyme/nucleotide ratios, as shown for ApUpG [4],
and the NalQ,/nucleotide ratio in particular de-
creases during the reaction, it was found difficult to
deduce unambiguously the sequence of these large
oligonucleotides solely on the basis of an analysis of
the nucleoside methylene dialdehydes and nucleoside
diaidehydes.

It appeared desirable therefore to explore the pos-
sibility of analyzing the degradation process at the
level of the oligonucleotide-3' dialdehydes, see the
following paper [5].

As a minor side reaction, nucleoside methylene
dialdehydes were found to undergo addition of water
to the 4 4 .) double bond when incubated under con-
ditions for periodate-phosphatase degradation [7].

Since the products of this side reaction are nucleo-
side dialdehydes the identification of the 5'-terminus,
which, in contradistinction to non-5'-terminal posi-
tions [3], is obtained as a nucleoside dialdehyde, may
become difficult in certain cases. As an example the
amount of adenosine dialdehyde, as assayed by
borotritide reduction, during degradation of
CpCpApApApGp (fig. 1C) was found to increase
during the reaction, being about half that of the cy-
tidine derivative (fig. 1C) at later stages of the reac-
tion (6—14 hr). Although this amount is too low to

104
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account for its being derived from the 5'-terminus, we
recommend to identify the 5'-terminus by an inde-
pendent procedure, such as complete digestion of the
oligonucleotide with monoesterase-free venom phos-
phodiesterase. The released 5'-terminal nucleoside is
then determined by conversion to its > H-labelled
trialcohol derivative, which may be resolved and iden-
tified by published TLC procedures [8].
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