
ing GI  and G2, and on DNA polymerase E 
during S phase. A model presents itself: 
Rad9 binds to FHA2 to mediate the Rad53 
response during G I  or G2 while another 
protein, perhaps polymerase E, binds to 
FHAl to mediate the Rad53 response dur- 
ing S phase (see the figure). If this is the 
case, then the sensitivity of the FHAl dele- 
tion mutant and resistance of the FHA2 
deletion mutant to UV light may be ex- 
plained by the fact that cells in S phase are 
more sensitive to UV light. This analysis is 
complicated by the fact that the FHAl dele- 
tion mutant also reduces the catalytic activi- 
ty of Rad53 (12). Point mutations in the 
FHAl domain (that do not affect catalytic 
activity) will determine whether FHAl 
specifically confers sensitivity to UV light. 

The gene cds l  encodes a homolog of 
Rad53 in fission yeast (13), but its function is 
not entirely parallel. Cdsl has only a single 
FHA domain, and mutants lacking cdsl func- 
tion have only some of the phenotypes of 
rad53 mutants in budding yeast. Like md53 
mutants, cells without c h l  function lose via- 
bility when exposed to either replication 
blocks or DNA damage; unlike rad53 mu- 
tants, however, they arrest the cell cycle in ei- 
ther case (14). Thus, Cdsl does not share 
Rad53's checkpoint function. Even so, both 
proteins clearly respond to DNA damage in a 
cell cycle-specific fashion. Cdsl activity is 
increased by DNA damage, but only during S 
phase (14). Rad53 requires Rad9 to function 
during G, and G2, but not during S phase. The 
FHA domain in Cdsl may be analogous to 

I ilf'science. whitman et al. ci~Eulate the number a i d  location of the world's 
prok&otes and the amount of carbon sequestered in their biomass ( I ) .  The figures 
are large, staggeringly so, and these new data have implications for the understanding 
of global geochemical cycles and the control of genetic diversity. Seldom has the old 
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:able. Three habitats 

repre- 
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several published estimates of cell densities in dif- 

rds in deep 
de smaller. 

-+.= desert soils, have similar concentrations of 
~siderably less populc 
considered sufficieni 

)US. 
: to as- 

( 2 )  of bountiful life in the 
estimate that these popula- 

t may dwarf all others: There mav be in excess of 4 x lox' subsurface-~ro- 

2. R. A. Kerr. Science 276. 703 (1997). 

the FHAl domain of Rad53 in conferring 
S phase-specific regulation on these kinas- 
es. The second h c t i o n  of Rad53, to medi- 
ate arrest in response to DNA damage, is 
provided by the fission yeast protein kinase 
Chkl (15). The fission yeast homolog of 
Rad9, Crb2, binds Chkl (6). Although 
Crb2 is phosphorylated in response to 
DNA damage, it is not yet known whether 
phosphorylation of Crb2 or its association 
with Chkl is necessary for Crb2 function 
in fission yeast. Chkl does not have an ob- 
vious FHA domain, suggesting that the 
Crb2-Chkl interaction may be mediated by 
another mechanism. 

Rad9 joins a growing list of proteins im- 
plicated in the cell cycle checkpoint path- 
way that are phosphorylated in response to 
DNA damage. Which kinases are responsi- 
ble for these events? Certainly a number of 
protein kinases function along the check- 
point pathways, but we are still a long way 
from understanding how they are regulated 
by DNA damage or replication blocks and 
what their in vivo substrates actually are. 
The protein kinases thus far implicated in 
regulating the damage response in S. cere- 
visiae-Mec 1,  Te l l ,  and Rad53-are 
thought to function downstream of Rad9. 
The results of Sun et al., however, inform us 
that Rad9 phosphorylation may in fact be 
dependent on these kinases (2), implying 
that they act upstream of Rad9. Either way, 
an additional as yet unidentified kinase 
could be involved, and the pathways are 
more complicated than we have thought. 

How best to dissect this complex path- 
way of interacting proteins, kinases, and 
substrates? Forge ahead with open minds. 
A combination of genetics, cell biology, 
and biochemistry has gotten us into this 
tangle. Let us hope that these approaches 
can eventually lead us out. 
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