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DNA REPAIR

A heavyweight joins the fray

Simon J. Boulton

Tagging of DNA-damage-associated proteins by ubiquitin is key to
coordinating the DNA-damage response. The ubiquitin-related protein
SUMO is revealed as a crucial regulator of ubiquitylation in DNA repair.

Ubiquitylation ,, the attachment of ubiquitin To investigate the involvement of the SUM
groups to cellular proteins ,, was initially pathway in the DNA-damage response, Morri$  Lysine-6
characterized by its role in promoting proteinet al? and Galantgt al®analysed the subcellu- | polyubiquitin
destruction. However, we now know that thear localization of SUMO-pathway components| ~ chain
consequences of ubiquitylation are diversé mammalian cells. Both grougseport
and that it affects many cellular systems. Thbat the E1 SUMO-activating enzyme SA
ubiquitin modification comes in many flavoursthe E2 SUMO-conjugating enzyme UBC9,
(addition of a single ubiquitin molecule, forand the three forms of vertebrate SUMO pro-
example, or of polyubiquitin chains thattein, SUMO1 and the closely related SUMO2
differ in the position of the linkage betweerand SUMO3 (SUMOZ2/3), are recruited to Lysine-
ubiquitin molecules), and the various types dDSBs. polyubiquitin
ubiquitylation can alter the fate of target pro- The author$®used RNA interference and el
teins in different ways. In addition, the cell haluorescence microscopy to show that the. P :
ubiquitin-related modifiers, such as the SUMGSUMO E3 ligases PIAS1 and PIAS4 are rggléf_ %gﬁg}g'ﬁfzﬁg %”ﬁAsﬁgfkﬂa(tggé‘é) result
proteins, that also alter protein fate or functiorsponsible for SUMOylation events at DSB#; the recruitment of DNA-repair proteins,
after conjugatioh One process that has beeDepletion of PIAS1 impaired accumulationincluding 53BP1 and the E3 ubiquitin ligases
inextricably linked to ubiquitylation is the of SUMO2 and SUMO3 (but not SUMO1) atRNF8, RNF168 and BRCAL. Morrét al*and
cellular response to DNA damage. AlthougliiDSBs, whereas depletion of PIAS4 impaire@alantyet al® observe that the SUMO-pathway
studied® had suggested a link between theecruitment of SUMO1 and SUMO2/3. Fur-components UBC9...PIAS4 and UBC9...PIAS1
DNA-damage response and the SUMO pattthermore, recruitment of 53BP1 to DSB&!S0 accumulate at DSBs, where they catalyse
way, proof that SUMOylation is important depended on PIAS4, whereas recruitment i€ SUMOylation of 538P1 and BRCAL (and
for DNA repair had remained elusive. In thiSBRCA1 depended on both PIAS1 and PIASEQSS'bly RNF8 and RNF168). SUMOylation
. P . pe . timulates BRCA1 E3 ubiquitin-ligase activity,
issue, two groups, Morrét al’ (page 886) and Is SUMOylation necessary for DSB repair? ThEading to ubiquitylation of target proteins at
Galantyet al”(page 935), now provide goodanswer is, emphatically, yes ,, cells lackinghsps; including the histone H2A and its variant
evidence that SUMO functions together witiPIAS1 or PIAS4 showed defects in DSB repapaAX. H2A and H2AX are also substrates
ubiquitin to coordinate DNA repair. and were also highly sensitive to DSBs causiedubiquitylation by RNF8 and RNF168, as is

DNA double-strand breaks (DSBs) result irby ionizing radiation. RAPS80, a ubiquitin-binding protein that also
the recruitment and activation of the protein What are the targets of the SUMO pathwaipteracts with BRCAL. RNF8 and RNF168
kinases ATM, ATR and DNA-PK, which phos-during the DNA-damage response? Prompteg@talyse the formation of lysine-63-linked
phorylate target proteins, such as the varialy a study showing interaction betweefPiquitin chains, whereas BRCAL and its E2
histone H2AX. The phosphorylated proteindJBC9and BRCAL in the nematode Wormlcomugat:_ngkegzygpe .C.atalg:s? the form’z\a/lno'n Olf)
then promote the recruitment of other DNA- Caenorhabditis elegdnboth group$®inde- y;me_—fi— inked ubiquitin chains. S, SUMO; U '

| - . . ; quitin. Red arrows indicate SUMOylation;

repair proteins to DSBsincluding MDC1 pendently showed that BRCAL is SUMOylateg)ack arrows indicate ubiquitylation.
(mediator of the DNA-damage checkpoint),during the DNA-damage response in a PIAS1-
53BP1 and the E3 ubiquitin ligases RNF&nd PIAS4-dependent manner (Fig. 1). Deple-
RNF168 and BRCAL (ref. 6), which catalyg®n of PIAS1 and PIAS4 impaired recruitmentthe ligase activities of RNF8, RNF168 and
ubiquitylation eventsat DSBs. (Conjugation of BRCAlo DSB$?, significantly impaired BRCA1 (ref. 7). Galangt al*also showed that
of ubiquitin or related modifiers to target pro- ubiquitylation at DSBs, and reduced ubig53BP1 is SUMOylated and that this affects its
teins requires an E1 activating enzyme, an E#tylation of the histones H2A and H2AX;retention at DSBs.
conjugating enzyme and an E3 ligase.) the latter process has been shown to requireRNF8 and RNF168 catalyse the formation
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Study: Earth's polar ice sheets vulnerable to even moderate global warming
Posted December 16, 2009; 01:00 p.m.

by Steven Barnes

An additional 2 degrees of global warming could commit the planet to 6 to 9 meters (20 to 30 feet) of long-term sea level rise

A new analysis of the geological record of the Earth's sea level, carried out by scientists at Princeton and Harvard universities and published in the
Dec. 16 issue of Nature, employs a novel statistical approach that reveals the planet's polar ice sheets are vulnerable to large-scale melting even under
moderate global warming scenarios. Such melting would lead to a large and relatively rapid rise in global sea level.

According to the analysis, an additional 2 degrees of global warming could commit the planet to 6 to 9 meters (20 to 30 feet) of long-term sea level
rise. This rise would inundate low-lying coastal areas where hundreds of millions of people now reside. It would permanently submerge New Orleans
and other parts of southern Louisiana, much of southern Florida and other parts of the U.S. East Coast, much of Bangladesh, and most of the
Netherlands, unless unprecedented and expensive coastal protection were undertaken. And while the researchers' findings indicate that such a rise
would likely take centuries to complete, if emissions of greenhouse gases are not abated, the planet could be committed during this century to a level
of warming sufficient to trigger this outcome.

The study, "Probabilistic Assessment of Sea Level During the Last Interglacial Stage," was written by Robert Kopp, who conducted the work as a
postdoctoral researcher in Princeton's Department of Geosciences <http://geoweb.princeton.edu/> and Woodrow Wilson School of Public and International

Affairs <http://wws.princeton.edu/> ; Frederik Simons <http://www.princeton.edu/geosciences/people/display_person.xml?netid=fisimons&display=All> , an assistant pI‘OfeSSOI‘

of geosciences at Princeton; Jerry Mitrovica, a professor of geophysics at Harvard; Adam Maloof
<http://www.princeton.edu/geosciences/people/display_person.xml?netid=maloof&display=Faculty> , an assistant pI‘OfeSSOI‘ of geosciences at Princeton; and Michael

Oppenheimer <http://www.princeton.edu/step/people/faculty/michael -oppenheimer/> , a professor of geosciences and international affairs in Princeton's Woodrow
Wilson School.

As part of the study, the researchers compiled an extensive database of geological sea level indicators for a period known as the last interglacial stage
about 125,000 years ago. Polar temperatures during this stage were likely 3 to 5 degrees Celsius (5 to 9 degrees Fahrenheit) warmer than today, as is
expected to occur in the future if temperatures reach about 2 to 3 degrees Celsius (about 4 to 6 degrees Fahrenheit) above pre-industrial levels.

"The last interglacial stage provides a historical analog for futures with a fairly moderate amount of warming; the high sea levels during the stage
suggest that significant chunks of major ice sheets could disappear over a period of centuries in such futures," Kopp said. "Yet if the global economy
continues to depend heavily on fossil fuels, we're on track to have significantly more warming by the end of century than occurred during the last
interglacial. I find this somewhat worrisome."

Oppenheimer added, "Despite the uncertainties inherent in such a study, these findings should send a strong message to the governments negotiating
in Copenhagen that the time to avoid disastrous outcomes may run out sooner than expected."

Previous geological studies of sea level benchmarks such as coral reefs and beaches had shown that, at many localities, local sea levels during the last
interglacial stage were higher than today. But local sea levels differ from those in this earlier stage; one major contributing factor is that the changing
masses of the ice sheets alter the planet's gravitational field and deform the solid Earth. As a consequence, inferring global sea level from local
geological sea level markers requires a geographically broad data set, a model of the physics of sea level, and a means to integrate the two. The study's
authors provide all three, integrating the data and the physics with a statistical approach that allows them to assess the probability distribution of
past global sea level and its rate of change.

The researchers determined through their analysis that there is a 95 percent probability that, during the last interglacial stage, global sea level peaked
more than 6.6 meters (22 feet) above its present level. They further found that it is unlikely (with a 33 percent probability) that global sea level
during this period exceeded 9.4 meters (31 feet).

Sea levels during the last interglacial stage are of interest to scientists and important to policymakers for several reasons. Most notably, the last
interglacial stage is relatively recent by geological standards, making it feasible for climate scientists to develop a credible sea level record for the
period, and is the most recent time period when average global temperatures and polar temperatures were somewhat higher than today. Because it
was slightly warmer, the period can help scientists understand the stability of polar ice sheets and the future rate of sea level rise under low to
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moderate global warming scenarios.

The findings indicate that sea level during the last interglacial stage rose for centuries at least two to three times faster than the recent rate, and that
both the Greenland and West Antarctic ice sheet likely shrank significantly and made important contributions to sea level rise. However, the relative
timing of temperature change and sea level change during the last interglacial stage is fairly uncertain, so it is not possible to infer from the analysis
how long an exposure to peak temperatures during this stage was needed to commit the planet to peak sea levels.
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