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Origin recognition complex (ORC), a six-protein complex (Orclp-Orcép), may deeply
involve in initiation of chromosomal DNA replication. However, since most tempera-
ture-sensitive orc mutants of Saccharomyces cerevisiae show the accumulation of cells
with nearly 2C DNA content, the exact stage at which ORC acts is not fully understood.
In this study, we constructed a heat-inducible degron mutant for each ORC subunit.
As well as each targeted subunit, other subunits of ORC were also rapidly degraded
under non-pernnsswe conditions. In the ore5 degron mutant, incubation under the
non-permissive conditions caused accumulation of cells with nearly 2C DNA content,
and phosphorylation of Rad53p. When Ore5p (ORC) is depleted, this inhibits G1/S
transition and formation of a pre-replicative complex (pre-RC) For pre-RC to form, and
G1/S transition to proceed,; Orc5p (ORC) must be present in late G, rather than early
G1, or G2/M. Block and release expenments revealed that Orcbp (ORC) is not necessary
for S and G2/M phase progression. We therefore propose that ORC is necessary for the
G1/S transition and pre-RC formatxon, and accumulation of cells with nearly 2C DNA
content seen in various orc mutants is due to inefficient pre-RC formation, and/or
induction of checkpoint systems.

- Key words: DNA replicatibn,
pre-replicative complex.

heat induci!)le degron mutant, ORC, Orc5p,

Abbreviations: a-factor, &« mating factor; DHFR, dihydrofolate reductase; FACS, fluorescence-activated cell
sorter; HA, haemagglutlmn, HU, hydroxyurea; MCM, mini-chromosome maintenance complex of proteins;
ORC, origin recognition complex; pre-RC, pre-replication complex.

The initiation of chromosomal DNA replication is tightly
regulated to replicate the genome just once per cell eycle.
To reveal the underlying molecular mechanism for this
regulation, it is important to understand the initiator of
chromosomal DNA replication. In Escherichia coli, DnaA
is the initiator of chromosomal DNA replication: tem-
perature-sensitive dnaA mutants show defects in initia-
tion of DNA replicition, and an in vitro chromosomal
DNA replication system, reconstituted from purified
enzyme, is dependent on DnaA (I). In eukaryotes,
origin recognition complex (ORC) is the most likely
initiator. ORC was originally identified as a six-protein
complex that specifically binds to Sacchaeromyces cerevi-
sice (S. cerevisiae) origins of chromosomal DNA replica-
tion (2) (in this manuscript, ‘ORC’ refers to S. cerevisiae
ORC). ORC homologues have been found in various -
eukaryotic species, including humans (3). Although there
is only weak homology in amine acid sequence between
ORC and DnaA, these two factors share a number of
functions; (i) both bind to each origin of chromosomal
DNA replication (I, 2); (ii) both bind to ATP and ADP,
they have intrinsic ATPase activity, and adenine
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nucleotides bound to them regulate their activities
(4-10) (iii) both proteins interact with replicative DNA
helicase and recruit it to each origin of DNA replication
(1, 10, 11). These observations strongly suggest that ORC
is the initiator of chromosomal DNA replication.
However, an origin-dependent in vitro chromosomal
DNA replication system has not yet been developed for
eukaryotes, so the dependency of replication on ORC has
not been formally proved.

Most temperature-sensitive S. cerevisiae orc mutants
show the accumulation of cells with nearly 2C DNA
content at non-permissive temperatures (12-16), suggest-
ing that ORC may be involved in the G2/M progression
rather than the G1/S transition. This observation argues
against the idea that ORC initiates DNA replication. On
the other hand, the contribution of ORC to the initiation
has been suggested by using temperature-sensitive orc
mutants and block and release experiments, microscopic
observation and 2D gel experiments (13, 16-19). Thus,
exact role of ORC in vivo is not yet fully understood.
There are significant problems in interpreting resuits
with such temperature-sensitive mutants; some mutant
proteins show gain-of-function, and the mutant protein
may maintain some functions even at non-permissive
temperatures.

To address this issue, we used genetic systems that
cause rapid and conditional elimination of the target
protein. In yeast, we generally use a genetic shut-off

© 2008 The Japanese Biochemical Society.



