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tageous introduction of such DNA).
The benefit, at each generation, was
increased efficiency, but the price was
the loss of potential for further evolu-
tion, at a level above that of point
mutational change.

The first to pay this price were the
ancestors of modern bacteria; their
streamlined genomes are organised and
expressed with an efficiency surpassed
only by that of the genomes of the
viruses which infect them, but their
morphological and functional com-
plexity is limited. Lower protists, which
show among themselves a variety of
different  approaches to genomic
streamlining®, and which may retain
traces of a genes-in-pieces organis-
ation™, were perhaps next. There will
of course have been at each stage cells
which did not succumb to the selective
advantage of genomic simplification,
although they resisted such change
accidentally, not purposively. The
‘higher’ forms are not more complex
because they have recently increased
genetic plasticity. They are, rather,
‘higher” and more complex because
their ancestors were, at each genera-
tion, those very organisms which

accidentally (and at some selective dis-
advantage to their immediate de-
scendants)  retained the genetic
plasticity inherent in the genomes of
the primitive ancestors of all cells. [
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Incorporation of uracil into DNA

from Gerard O’Donovan

WHy does DNA contain thymine and
not uracil? Over the past few years
mechanisms preventing the incorpora-
tion of uracil into DNA have been
uncovered in bacteria but more
recently, several groups have shown
that if these constraints are circum-
vented an apparently functional DNA
containing uracil can be produced.

The incorporation of wracil into
DNA is prevented by at least two
mechanisms. The first is the presence
of dUTPase activity which hydrolyses
dUTP to dUMP thereby keeping the
endogenous dUTP pool low while
providing the dUMP substrate for
thymidylate synthetase (see figure). The
second is the presence of uracil-DNA
glycosidase activity which removes
uracil from single and double-stranded
DNA (Lindahl Proc. natn. Acad. Sci.
US.A. 71, 3649; 1974).

Viable dUTPase mutants (dur
mutants) were isolated by Hochauser
and Weiss (Fed. Proc. 35, 1492; 1976)
These mutants are identical with
previously described dnaS and sof
mutants. As expected these mutants
incorporate uracil into their DNA (Tye
et al. Proc. natn. Acad. Sci. U.S. A.
74, 154; 1977). They also accumulate
labelled transient 4-58 DNA fragments

after 5-10s pulses of °‘H-thymidine
(Tye et al. op. cir.). These fragments
result from the increased incorporation
of uracil into DNA as a consequence
of the dUTPase defect, followed by
excision repair of the incorporated
uracil, probably by uracil-DNA
glycosidase.

Viable mutants deficient in uracil-
DNA glycosidase (ung mutants) have
been isolated by Duncan er al. (Fed.
Proc. 35, 1493; 1976). The next step
was obviously to examine dut ung
double mutants for uracil incorporation
into DNA. Warner and Duncan have
recently reported (Nature 272, 32;
1978) the presence of *H-uridine in the
DNA of such mutants of E. coli and
in the DNA of T4 phage propagated
in them. Up to 30% of the thymine in
T4 DNA seems to have been replaced
by uracil and this DNA is functional
as judged by the following findings.

When wung™ cells of E. coli are in-
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fected they are killed equally well by
the uracil-containing T4 phage DNA
(T4-U) and the wracil-free phage
(I'4:T). The base composition of the
total DNA of the infected cell and of
the DNA packaged into the phage are
the same., When the T4-U DNA 1is
injected into an wng™ cell (unable to
initiate uracil-specific degradation) the
T4-U DNA is normally functional as
evidenced by its ability to be replicated
and to direct phage synthesis.

When T4-U phage DNA is injected
into wild-type E. coli (ung*) the T4-U
phage DNA is degraded so rapidly that
it is not functional,

So why then does DNA contain
thymine? Since the frequent random
substitution of wuracil for thymine
during T4 DNA synthesis seems to have
no serious consequences for the sub-
sequent phage replication, the oc-
casional misincorporation of uracil may
have only minor effects on replication
and transcription. Although it is
believed to be attacking the A-U base
pairs in the altered DNA the most
important function of the uracil-DNA
glycosidase normally in vivo therefore
may not necessarily be to remove mis-
incorporated uracil but to excise uracil
produced by deamination of cytosine
in situ by cytosine deaminase, thus
preventing transition mutations,
Warner and Duncan explain the
importance of the presence of thymine
rather than uracil in DNA by proposing
that the absence of A-U base pairs
allows specific recognition and excision
of the potentially mutagenic mis-
matches produced by cytosine
deaminase. Indeed Duncan has recently
been able to show that wung mutations
are mutagenic particularly when C—>U
transitions were specifically studied.

One final point seems pertinent. In a
recent collaborative study Tye er al.
(Proc. natn. Acad. Sci. U.S.A. 178,
233; 1978) have shown that uracil
persists in the DNA of the dut™ ung™
double  mutant through  several
generations. The dur™ wng™ mutant
seems unaffected by levels of uracil in
its DNA up to 1 per 100 nucleotides.
This finding, taken together with the
309, substitution in phage T4 DNA
reported here, strongly suggests that
uracil incorporation into DNA is a
common phenomenon. Experiments
are in progress to determine how much
uracil can be substituted for thymine
in phage DNA as well as in E. coli.
As pointed out by Warner, T4 DNA
has to interact with far fewer proteins
than does the DNA of bacterial and
eukaryotic cells. Thus it seems likely
that cells will be rather less tolerant of
thymine replacement by uracil than are
viruses. O
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