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whereas following a-receptor activation, 
the contractile apparatus becomes more 
sensitive to calcium. Activation of either 
receptor results in positive inotropy, but 
that produced by {3 -receptor activation is 
due to cyclic-AMP-dependent increases 
in calcium entry and calcium release from 
the SR. 

The final meeting session covered clinical 
aspects. The underlying effects of hypoxia 
on mammalian hearts and the mechanisms 
of action of cardiac glycosides and the anti-

DNA replication 

arrhythmic agent lidocaine were discussed 
with reference to the involvement of the 
mechanisms discussed in earlier sessions. 
The possibility of developing more useful 
positive inotropic drugs was discussed by 
P. Poole- Wilson (Cardiothoracic 
Institute, London), but the meeting 
appeared to be somewhat pessimistic about 
this being achieved in the near future. 0 

A.F. Brading is in the Department of 
Pharmacology, University of Oxford, South 
Parks Road, Oxford OXJ 3QT. 

A twofold amplifed view 
from David T. Denhardt 

How does the mammalian cell accomplish 
orderly replication of its genomic DNA? 
Among several hypotheses, perhaps the 
most popular is the analogy with viral 
systems - that is, specific sequences in the 
DNA are activated in a regulated fashion 
by 'origin-activating' proteins, which 
cause replication to begin at what would 
then be considered replicon origins. 
Recently, a window onto this process has 
been opened as the result of studies on the 
replication of amplified, or amplifiable, 
replicons. In a well designed series of 
experiments, Mariani and Schimke have 
demonstrated the amplification of the gene 
for the enzyme dihydrofolate reductase 
(DHFR) in Chinese hamster ovary (CHO) 
cells in the course of a single cell cycle (J. 
bioi. Chem. 259, 1901; 1984). 

During the normal cell cycle, the DHFR 
gene is replicated once in early S phase. 
When Mariani and Schimke blocked the 
entrance of a synchronized population of 
cells into S phase with hydroxyurea - an 
inhibitor of ribonucleotide reductase and 
so of DNA synthesis - replication of the 
DHFR gene was severely inhibited. Upon 
release from the block, the gene was rapidly 
replicated. More interestingly, and con
trary to expectation, when replication was 
inhibited by hydroxyurea shortly after the 
cells had entered S phase, at a time when 
theDHFR gene had been replicated, within 
12 hours the gene was replicated again. 

The evidence is convincing that, within a 
single cell cycle, twofold amplification of 
the DHFR gene occurs in a substantial 
portion of the cell population. What this 
result suggests is that when DNA repli
cation is inhibited by hydroxyurea part
way through S phase, the cells revert back 
to their pre-S state. Hence, after removal of 
the block, the cells initiate replication of 
their DNA all over again. In effect, at least 
when the inhibition occurs in early S phase, 
the cell cycle clock is turned back to the 
boundary between the G 1 and S phases. 

If an explanation for these events is to be 
sought in terms of 'origin-activating' 
proteins, one might infer that their stability 
is enhanced when DNA replication is 
inhibited to an extent sufficient to permit 

them to initiate a second round of repli
cation within the same cell cycle. Pro
grammed stability of an 'orgin-activating' 
protein would readily account for the 
amplification of the chorion genes of 
Drosophila follicle cells seen in the elegant 
electron micrographs obtained by Osheim 
andMiller(Cel/33, 543; 1983). 

Reinitiation at previously used origins 
during the same S phase has also been 
detected by, for example, Lavi, who 
demonstrated that when simian virus 
40-transformed CHO cells are exposed to 

CAMELIA VS CADET 
ON her travels in 
Wonderland, Alice was given 
the choice of heading in the 
direction of a Hatter or a 
March Hare. She chose the 
latter because "The March 
Hare will be much the more 
interesting, and perhaps, as 
this is May, it won't be raving 
mad -at least not so mad as it 
was in March". Lewis Carrol, 
and Martin Gardner after him 
in The Annotated Alice, were 
wrong to ascribe such a 
specific seasonal insanity to 
the Brown Hare, according to 
1,500 hours of observations 
by Anthony Holley and Paul 
Greenwood summarized on 
page 549 of this issue. The 
mad behaviour of hares is con
tinuous throughout their long 
breeding season which lasts 
from January to August, and 
is no more frequent in March 
than in any other month of 
that season. Equally wrong, 
they conclude, is the 
traditional belief that the pairs 
of hares seen madly boxing are 
both males, and that the 
boxing represents intrasexual 
competition. On the contrary, 
boxing is between a female 
and an unwanted suitor: here 
Camelia is seen to be getting 
the better of Cadet. 

DNA-damaging agents (alkylating agents, 
aflatoxin) both the integrated viral genome 
and certain unlinked genes (DHFR, the 
HLA locus, c-Ha-ras) are amplified 
(UCLA Symp. molec. cell. Bioi. 11, 659; 
1983). Moreover Barsoum and Varshavsky 
have shown that mouse 3T6 cells, which 
amplify their DHFR genes in response to 
the presence of the DHFR inhibitor, 
methotrexate, will do so with greater 
facility in the presence of tumour pro
moters and mitogenic hormones (Proc. 
natn. Acad. Sci. U.S.A. 80, 530; 1983). 

Support for the idea that there are 
specific origins of replication in 
mammalian DNA was reported last year by 
Hamlin and co-workers (Nature 302, 439; 
1983). They studied the replication in 
synchronized cells of the DHFR region in a 
CHO line carrying a 1 ,000-fold amplified 
DHFR gene (plus adjoining DNA) and 
found that replication of each of the 1,000 
copies of the amplified DNA started in the 
same restricted region of the DNA and pro
ceeded away from that origin in a bidirec
tional manner. Although the origins of 
replication have not yet been localized to a 
defined nucleotide sequence, this will 
surely soon be accomplished. 0 

David T. Denhardt is in the Departments of 
Biochemistry and of Microbiology and 
Immunology, University of Western Ontario, 
London, Ontario N6A 5B7. 
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