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ABBREVIATIONS AND CONVENTIONS USED IN REPRESENTING
NUCLEOTIDES AND OLIGONUCLEOQOTIDES IN THIS THESIS

For convenience it has been found necessary to adopt
a system of abbreviated representations of pyrimidine
oligonucleotides, in accordance with the recommendations
of the International Union of Pure and Applied Chemistry (1).
All the compounds described in this thesis were deoxyribos
nucleotide derivatives with a regular 3'55' internucleotide
linkage and the recommended prefix "de-3', 5'-", In
this thesis however the prefix has been omitted,

C and T are used to represent deoxycytidine and thymidine
reapectively, while p is used to represent phosphate
esterified with the nucleosides, ‘hen p is written to the
right of the asymbol for the nucleoside this indicates the
phosphate is esterified with the 3'-hydroxyl group of the
nucleoside; when it is to the left, it forms the 5'-ester-.

Further abbreviations have been adopted for sequences that
are expected to consist of mixtures of isomer nucleotides

in unknown proportions; these are written with nucleoside
symbols in parenthesis, Thus CpT represents deoxycytidylyl-
(3'>5'=)=thymidine, TpC represents thymidylyle(3'->5'-)e
deoxycytidine and (CT)p represents a mixture of these two



isomers in unspecified proportions,

Jeveral terms describing various types of isomers, used
in this thesis, rejuire definition, IUCHLIUVHD are
oligonucleotides of identical chain length, Any group of
isopliths, derived from digestion of a naturally occurring
nucleic ascid, will alwmost certainly contain seguences that
differ from each other in their base compositions These
are termed COM OSITICNAL isomers, An oligonucleotide
fraction reprenenting a single compositional isomer is
likely to conniet of several 5 USN. 1AL isomers, wnich
differ from each other only in actual arrsngement of

bases,

Uther abbreviations used in this thesis are:

DNA deoxyribonucleic acid
RNA ribonucleic acid
c deoxyeytidine
T thymidine
Pu purine
Py pyrimidine
fe! BeVs snake venom phosphodiesterase
EDTA ethylenedianine-tetra-acetate

Tris-iC1 tris(hydroxymethyl)amino methane-HCl
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latroduction

(1) ZIhe imoortance of DUA sequences

The genetic material of all animals, plants
| bacteria, anc of many snimal and bacterial viruses has
long been established as deoxyribonucleic acid or DNA, and
recent studies (1a) have shown that its najor function is
to carry the genetic 1lanformation recuired by a cell for the
aynthesis of species s.ecific proteins.

This information 1ls stored by the nucleic acid
macromolecule 1n the form of a linear code deter:ined by
its intrinsic nucleotide nejuence or primary structure,
The information 1s carried in such a way that a s, ecific
segquence of three nucleotides hus the ablllty to code for
cne of every type of arino acid found in protein, In
recent years the message corresponding to each nucleotide
triplet has been established (2).

Besides coding for amino scids, nucleotide sequences
exist which are known to code for ribosomal transfer RNA's,

There are probably other sequences which are involved in

a variety of lpooiai roles, the more important being
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regulating and initiating tranecription of the genetic
message into functional messenger RNA, and the initiation
of DNA replication. Because little information 1s avail-
able about the actual arrangement of bases needed to effect
these functions, a knowledge of the complete nucleotide
sequence of a biologically active DNA molecule may help
to elucidate the nature of these extremely important
processes, In additlon it is hoped that new approaches
can be found towards a better understanding of the actual
changes to DNA caused by mutagens and carcinogenic agents,
and 1t is also hoped that some knowledge can be obtained
of the extent to which degenerate codons exist in genetic
material, and the fun-tion of these codons when they do

occur,

(11) Ihe structure of DA
DNA molecules are linear polymers of

deoxyribonucleotides linked through 3'»>5' phosphodiester
bridges, Four major nucleotideas, two containing purine
bases (adenine and guanine), and two containing pyrimidine
bases (oytosine and thymine), are commonly found, A
tetranucleotide containing an arrsngement of these four
bases ie illuatrated in figure 1,

In most cases the DNA molecule occure in the form of
a doudble right-handed helix consisting of two complementary
strands of nucleotides held together by hydrogen bonding
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(3). Stereochemical considerations restrict the formation
of a atable hydrogen bonded structure to accommodate
only pairing between adénine and thymine, or guanine and
cytosine, Because of this restriction the two atr:unds
have complementary structures, and thus if the nucleotide
sequence of one strand is specified then the sequence of
the other (complementary) strand can be deduced,

There are some exceptions to this model: the DNA
of some small bacteriophages, e.g8e the coliphages f1 and
#X 174, is in the form of a aingle covalently clomed
circular strande. Come cther DNA's have been shown to
have a circular double-stranded structure (L, LS),.

Folynucleotide strands are polarised in the aense
that each has a 3' and a 5' terminus, and in the Vatson=
Crick DNA model, the two strands of the duplex have
oppoeite polarity.

As a consequence of the 3'->5' phosphodiester bonding
of nucleosides, the internucleotide linkage can be broken
in two possible ways, as is demonstrated in figure 2,
This property has been found very useful in this investigat-

ion,

(111) W‘
(15, 40, 50, 5u)

Rivonucleic acid, a ridbonucleotide polymer,
has a similar primary structure to DNA, and ie widely
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distributed in cells vhere it haes roles in the translation
of the DNA genetic information into active cellular proteins,
The primary structures of some small biologically active
RNA molecules have been determined by the use of specific
hydrolytic enzymes (endonucleases) which catalyse the
cleavage of the polynucleotide chain into smaller, over-
lapping snd identifiable sequences (5, 6).

Attempts at determination of nucleotide sequences in
DNA have in the main followed along similar lines to these,
but the problem is considerably more difficult than for
RNA for several reasons

a) As most cells contain many discrete chromosonmes,
the cellular DNA content 18 normally a2 complex mixture of
double-stranded molecules; viruses, especlally bacteriophage,
provide the only known source of seguocntially homogenous
DNA, Although the DNA contained in the smallest bacterio-
phage is a single strand of nucleotides, it still has the
high molecular weight of approximeately 1.8 x 106, and
contains at least 5,500 nucleotides (22).

b) Incomplete knowledge of the specificities of
the few purified endonucleases that are capable of
hydrolysing DNA prevents the use of these enzymes as
analytical tools,

Because of this last restriction, it has been
necessary to find suitable chemical alds to degrading



specific internucleotide bonds, and several of these

have been described (7 = 12), The most successful of these
has been the degradation induced by aromatic anines,
particulerly diphenylamine, in acid smolution (13, 1L),.

¥hen DNA is incubated in 667 (v/v) formic acid containing
2° (w/v) diphenylamine, the acid conditions lead to the
quantitative cleavage of the purine-deoxyribose glycosidic
linkages, while the stable pyrimidine deoxyribose glycosidic
bonds are completely untouched, OCubsequent reaction of

the resultant "apurinic acid" with the aromatic amine
involving & A-elimination mechenism res:ilta in the release
of lnogganic rhosphate from positions between sadjacent
purine nucleosides yielding pyrimidine nucleoside phosphates

of weneral formula F (13). 7The reaction is shown

n“n+1
in figure 3.

Trie chenical reaction gives reproducible reaults
and 1t is quantitative; it produces from any DNA molecule
a complex mixture of pyrimidine sequences of varying chain
length and base composition, Although detalled methoda
have been developed for separation of these pyrimidine
products into groups on the basis of their cytofine and
thymine content, it has proved impossible to resolve
mixtures of sequential isomers into their components, For
example, the trinucleotide fraction of base composition
(CT,)p, may contain wp to three sequeatial lscmers, T7C,
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TCT, and CTT, which remain inseparable,

7ith longer nucleotides the problem becomes more
complex, as larger numbers of sequential isomers can
theoretically exist according to the general formpula which
relates numbers of possible sequential isomers to the chain
length of the oligonucleotide:

For the isomer (C. Tb)p.+b+1 the number of

sequential isomers is given by:

N = £n+b!!
a'x v

(iv)  Zhe prenent study
In the first part of this study, the

digention products from the action of diphenylamine on
calf thymus C"NA in acid solution have been separated as
far as possible by physical metihods, characterised, and
measured gquantitatively,

In addition, an investigation into possible methods
of deducing the relative proportions of each sequentinl

isomer in a mixture of isomers of identiml base compeelition
was undertaken, with special emphasis on the use of

exonucleases (15).
A poseible approach to this problem is found from a

study of the specificitics of snake venom and bovine spleen
phosphodiesteranes, Although neither of these enzymes will



attack a fully phosphorylated substrate of the type
Pynpn+1. both will catalyse the exonucleolytic cleavage of
the ¥ nPp-1 oligonucleotides obtained by terminal
dephosphorylation (16, 17):

PCPTPTP mam:temu% OH=CPTPT =OH + 2P1

(Pwh?h+1) (1 n?n-1)

The speeificity of snake venom phosphodiesterase is
such that it will degrade terminally dephesphorylated
oligonucleotides to 5'-mononucleotides, commencing its
attack at the 3'-teruinus, while the spleen enzyme will
catalyse a similar degracution from the 5'=ternminus (18),

For example, in the caza of the (f.:':'z}p2 which can

exist ae the following three sequential isomers (a) = (e¢):

(5*) (3")

CpCpT (a)

CpripC (p)

TPCpC (e)
the two types of enzymic ettack will proceed na follows:
C+pC ¢+ pf 8eVe Gpcpr _SPleeng, oo .1
C o+ gt 4+ 3¢ SeVe  opro BB imac
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It will be seen that mononuclecotide thymidine will erise
only from the action of the spleen engyme on isomer (a),
or the snake venom ensgyme on isomer (@), Measurement of
the amount of this produect in each type of enzyme digest
should therefore allow the relative proportions of these
two isomers in the mixture to be determined, Measurement
of the other products will help confirm these values,

As shown above, “here can be far more sequential
isomers in the tetranucleontide and longer fiactiona thon
in the trinucleotide fraction, The use of those two
nucleases alone therefore proves inadequate for detormining
the relative proportions of sequential isomera in tLhese
cases, although the result of their actlion does provide
useful information, In other experiments therefore,
attenpts have been mode to modify the specificities of the
two nuclesses, in this way deriving extra tools for the
investigation of nucleotide sequences, A chemical blocking
agent which attaches to the oligonucleotide was used for
the medification (6, 38, 35, L1, L2, L3),

Experiments in which atteupts were made to separate
trinucleotide sequential ieomers by ion exchange chromatO-
* graphy are also described,



