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could give rise to an ataxia-telangiectasia-
like chromosomal instability syndrome.
DiTullio et al. offer a more direct link to
cancer aetiology with their finding that
53BP1 is persistently localized into
nuclear foci in tumour cell lines lacking
p53 (ref. 12). Although the formation of
53BP1 foci and the phosphorylation of
Chk2 may not be causally related, these
two events were highly correlated in the
p53-deficient cell lines. In studies of pri-
mary lung and breast tumours, the same
investigators report that Chk2 was consti-
tutively phosphorylated at Thr 68 in more
than half of the specimens. Thus, activa-
tion of ATM and its partners, Chk2 and

53BP1, may be frequent events in human
cancer. More work is clearly needed to
determine whether constitutive activation
of the ATM-dependent checkpoint sig-
nalling cascade is causally related to tumour
progression, or simply the vestige of a failed
effort to cope with the genetic chaos present
in many late-stage cancers.
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RNA polymerase I is a multicomponent machine that is exclu-
sively responsible for transcribing ribosomal genes in the nucle-
olus. To conduct its numerous functions, the molecular compo-
sition of PolI changes at each step of the transcription cycle
(assembly, initiation and elongation). But how do these factors
come together at the right time? Reporting in Science last month,
Tom Misteli and colleagues (Dundr, M. et al. Science 298,
1623–1626 (2002)) used an elegant combination of in vivo imag-
ing and kinetic modelling to gain new insights into the dynam-
ics of PolI assembly.

To follow the movements of several PolI components in live
cells, the authors labelled each factor with green fluorescent pro-
tein (GFP). Then, using fluorescence recovery after photobleach-
ing (FRAP), they compared the dynamics of each component
(see figure). They found that, whereas pre-initiation factors are
rapidly and continuously exchanged with sites of rRNA tran-
scription, a fraction of elongating factors was stably associated
with ribosomal genes. Furthermore, each factor showed unique
recovery dynamics, suggesting that the components of PolI are
imported into the nucleolus as distinct subunits.

Next, the authors used inverse FRAP (in which the entire
nucleus, except the site of transcription, is bleached) to see what
proportion of each factor is stably associated with engaged PolI
and for how long. From the kinetics of these movements, they
found that the majority of PolI is not actively elongating at any
one time.

Finally, Misteli and colleagues applied a kinetic model of the
PolI transcription cycle to the iFRAP data. By altering the param-
eters of the model so that it fit with the experimental data, they
were able to extract quantitative information about the assembly
and elongation kinetics of PolI. And what did they learn from all
this number crunching? First, they calculated several kinetic
properties of PolI, such as in vivo elongation time, elongation
rate and the residence time of PolI components at the promoter.
They also gained new insight into how PolI assembles. They find
that while the recruitment of PolI subunits to the promoter once
they enter the nucleolus is high (50%), the likelihood of tran-
scription initiation then occurring is remarkably low (1–11%).
Initiation is therefore probably rate-limiting for PolI function.
Subunits seem to exchange alone rather than as pre-assembled

complexes and, interestingly, assembly is sequential — possibly
involving metastable intermediates — with polymerase stability
increasing as more subunits are added.

The wealth of information afforded by these studies demon-
strates the combined power of in vivo imaging and computa-
tional modelling for dissecting biological processes. The ques-
tion now is whether the principles that have emerged can be
applied to other molecular machines.
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Figure 1 FRAP analysis of the RNA polymerase I transcription
factor, upstream binding factor (UBF) fused with green fluo-
rescent protein. The bleached area is indicated by arrows. a
shows the cell before bleaching, whereas b, c and d show the
cell 0, 10 and 60 s after bleaching, respectively.
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