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DNA REPAIR

Incisions for excision

JanH. J. Hoeijmakers and Dirk Bootsma

EXCISION implies two incisions. Plumbers
and surgeons know this principle, and
long ago it was put into practice by
the evolutionarily ancient DNA-repair
machinery. Dissection of the first incision
made by the eukaryotic nucleotide-
excision repair pathway has now been
described by O’Donovan et al.’, and dis-
section of the second by Bardwell et al.”.
When put together the two
processes enable the replace-
ment of a damaged piece of
DNA by a new one.

Genetic information 1s con-
tinuously subject to the delet-
erious effects of environmental
agents. The ultraviolet compo- O
nent of sunlight, for instance,
promotes  dimerization of
flanking pyrimidines, which b
obstructs transcription and
upon replication can lead to
permanent mutations. The
consequences are obvious.
Cells may die or (perhaps even
worse) suffer from malfunc- C
tioning, with carcinogenesis or
inborn errors as a final out-

come. These consequences are ERCCIEXPR B
apparent from a class of GO D X
cancgr-prone genetic insta- (RAD1, 10)

bility syndromes which stem
from a defect in one of the
repair systems that nature has
acquired to cope with DNA
Injury.

An example 1s xeroderma
pigmentosum®, which man-
ifests itself as acute sun sen-
sitivity and other skin abnor-

malities, notably a strong pre- e
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distinct genes involved in nucleotide-
excision repair (see our News and Views
article of May last year®).

Using synthetic ‘splayed-leg’ and ‘bub-
ble> DNA substrates, O’Donovan and
colleagues' demonstrate that the purified
X PG product specifically nicks a duplex at
the border of a single-stranded DNA
region. Only the strand with the 5’ single-
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nucleotide-excision repair reaction? A
tentative scheme is depicted in the figure.
The proteins XPA and XPE are likely o
be involved in damage recognition, po: s-
ibly with the assistance of transcripticn
factor TFIIH. The latter was origina!ly
known as a multisubunit basal transcri-
tion factor. But last year it was show’
that TFIIH also functions in the context f
nucleotide-excision repair, and probab 'y
does so in its entirety®. Lesion recognitic
presumably induces a conformation |
change in the DNA helix. Both DN \

'scissors’ require single-stranded DN/
so local unwinding around th:

lesion before incision woul |
seem to be necessary. Th:
TFIIH complex is an exceller t
candidate for executing this
step, because it displays 1
bidirectional helicase activit
conferred by the XPB anl
XPD subunits”. In humans, th
melted region provides a nich
for SSB, the complex thet
binds single-stranded DN .
and prevents reannealing. Ai-
ter the incisions by XPG at th
3" end and the RAD1/10 com -
plex at the 5’ side, the damage -
containing oligonucleotide ha;
to be released. That again ma
be a task for TFIIH: in basa!
transcription the complex ha.
been associated with promote -
clearance!”, a mechanisticall -
related activity. Finally, th
gap of 27-29 nucleotides
filled in by DNA synthes:
and ligation.

This model is an oversimpli-
fication. For instance, it doe:
not incorporate the CSA anc
CSB components, which speec
up the repair of the transcribec
strand of active genes. Also, n
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disposition to skin cancer. Ll abders Release of account 1s taken of the XPC
Normally sun-induced DNA T el 11117 damaged HHR23B complex and th
lesions are removed Dby _ oligonucleotide yeast RAD7 and RAD16 pro
nucleotide-excision repair, a BONRCohE DNA ligase teins, which are involved i

broad-spectrum DNA-repair
system. Its biochemical com-
plexity, which was already
apparent from the large num-
ber of genetic complementa-
tion groups identified within
xeroderma pigmentosum, gained an extra
dimension with the discovery of two re-
lated disorders, Cockayne’s syndrome
and  trichothiodystrophy  (otherwise
known as brittle hair syndrome). Both of
these neurodevelopmental diseases again
feature genetic heterogeneity. Thus there
are seven xeroderma pigmentosum
groups (XP-A to XP-G), two Cockayne’s
syndrome groups (CS-A and CS-B), three
combined XP/CS groups (coinciding with
XP-B, XP-D and XP-G) and three
trichothiodystrophy groups (TTD-A, XP-
B and XP-D), making a total of at least ten
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stranded end is touched by this endonuc-
lease. It 1s likely that the yeast equivalent
RAD?2 does the same’. The yeast RAD1/
RADI10 duo (and probably its human
counterpart, the ERCC1-XPF complex)
does essentially the opposite: it nicks the
strand of which the 3’ end is single”. Such a
structure 1s present at the other end of a
bubble. These results complete the origin-
al observations by Huang et al.° that the
machinery of nucleotide-excision repair
makes a dual incision, one five bases 3’
and one 21-23 bases 5’ of the lesion.
How do these findings fit into the

Gap-filling
IR IR iT i iiiiiiiil DNA synthesis

control of the (slower) repair o
the remainder of the genome

The findings reported by
O’Donovan et al.' and Bard
well et al.* can be placed in ¢
wider clinical perspective. XP-

G is a very rare, heterogeneous form 0!
the disease. Some patients show only
features of xeroderma pigmentosum.
others additional hallmarks of Cockayne’s
syndrome. This is a hint that XPG 1
involved in more than nucleotide-excisiorn
repair, and that (depending on the muta-
tion)
affected. The factors in the transcription:
.repair complex TFIIH may present a

other processes may become

similar case. Mutations in the XPB and
XPD subunits can give rise to symptoms of
Cockayne’s syndrome and trichothiodys-
trophy. These features may be due to a
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subtle defect in basal transcription™®. The
X?G symptoms suggest a link with the
tr nscription as well', although a firm
acsociation with TFIIH could not be
sk own®.

F'he other scissor, RADI1/10, 1s also
er gaged elsewhere. It 1s required 1n a
m totic recombination pathway'', where
DNA strands need to be cut as well.
ERCCI, the human homologue of
RADI1O, 1s one of the few proteins in-
vilved 1n nucleotide-excision repair for
wich no patients have yet been identi-
fi'd. Obviously, most mutations in this
g n€ may be very severe or give rise to an
uexpected clinical picture; 1ndeed,
ERCCl1-deficient mice show a constella-
tion of abnormalities very different from
those  characteristic of xeroderma
p gmentosum'?. One might predict that a
c. tegory of patients will be found that are

d ficient in nucleotide-excision repair and

a 50 have symptoms of a recombination

d ‘fect. If these striking multiple engage-

ments retlect a general evolutionary
strategy of function sharing, then intimate
connections between nucleotide-excision
repair and cell-cycle control or chromatin

dynamics are bound to show up as well.
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13aby bunting in

b ate Lessells

S 1OULD a male work as hard to raise his
fo mily if there is a chance that he has been
c.ickolded? The common-sense answer 18
10’, but examples of decreasing paternal
c:.re with an increasing chance of cuck-

o dry have proved elusive. The finding

by Dixon et al. (page 698 of this issue'),
that male reed buntings feed their brood
l'ss when a higher proportion
o- the chicks are genetically
f. thered by another male, 1s there-
fore one of the first clear demon-
$'rations of a relationship between
paternal care and ‘paternity’ (the
proportion  of  the  chicks
f.ithered).

Although male reed buntings
cefend territories containing the
nests of one or more pair-bonded
f:males, they are remarkably un-
successful in defending their
paternity: Dixon et al. used single-
locus minisatellite fingerprints to
show that 55% of the chicks that
they looked at were not the
cffspring of the putative father. More-
over, paternity varies enormously from
brood to brood. Some variation 1s bound
to occur: even a true coin 1s unlikely to
produce exactly 50% heads when tossed a
tew times. But paternity 1s far more vari-
able than the binomial distribution that
would be expected if all reed bunting
chicks had the same probability of being
lllegitimate. In other words, this probabil-
Ity varies from brood to brood.

Whatever the cause of this variation, it
provides an ideal opportunity to investi-
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paternity probe

gate whether males adjust their brood
care to their paternity. Dixon et al. looked
at the broods of 13 pairs who bred twice 1n
one season. When the change in male
feeding rate is plotted against the change
In paternity between first and second
broods, a clear relationship emerges:
males teed heavily cuckolded broods less.

rz - .7, '..-'\__.‘.\\ - ;."_. % ;‘I =

i

Reed bunting chick feed; the male adult has a black cap.

In contrast, female feeding rate 1s unre-
lated to paternity. This confirms that it 1s
the male’s lack of genetic relationship with
illegitimate chicks that i1s the important
factor, rather than, for instance, illegit-
imate chicks requiring less food. The
paired comparison between first and
second broods is also important because it
controls for the possibility that particular
males are good both at protecting their
paternity and providing paternal care,
which has been a problem with previous
non-experimental studies®. Although the
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pairwise analysis does not exclude tem-
porary variation in the quality of a male
between broods, it does eliminate many
contounding variables, such as male age.

One obvious question is what the differ-
ence 1s between reed buntings and other
species, for which observational and ex-
perimental studies have largely failed to
show a relationship between paternal care
and paternity’. Mathematical models re-
veal three situations in which paternal
care 1S not expected to vary with paternity.

First, it the relationship between the
total fitness of the brood and paternal care
1s sigmoidal, there is a threshold level of
paternity below which the optimal level of
paternal care drops abruptly from some to
none”. But it is only below this threshold
that paternal care should be an unvarying
nothing; above the threshold paternal
care should increase with paternity.

Second, optimal paternal care will not
vary much 1f the relationship between
fitness of the brood and paternal care
plateaus abruptly’: a slight decrease in
paternal care will then result in a precipi-
tous drop in brood fitness, while an in-
crease 1n paternal care will bring no turth-
er benefit. However, the exact shape of
this relationship 1s not known for any
species, so this offers no explanatory help
with the reed buntings.

Lastly, optimal paternal care 1s not
expected to vary with paternity 1f indi-
vidual males have consistently low or high
paternity”°. A reduction in paternal care
by heavily cuckolded males frees time and
effort for investment in other reproduc-
tive attempts, through re-pairing, making
extra-pair copulations or simply surviving
to the next breeding season. But 1t
these other attempts are equally
cuckolded, paternity will cancel
out 1n an assessment of their value
relative to the current brood. Only
if the male can expect higher
paternity in the future 1s i1t worth
him reducing care in the current
brood. The reed buntings do in-
deed exhibit high variation in
paternity between broods.

Of course, a male can only mod-
ify his paternal care 1n relation to
paternity if he has some way of
estimating 1t. How he does this
atfects how much variation 1s
needed to explain the relationship
between paternal care and paternity: it he
detects the legitimacy of each chick direct-
ly, perhaps through some genetic marker,
he can respond to even ‘coin-tossing’

o

e
Roger Wilmshurst

1. Dixon, A., Ross, D., O'Malley, S. L. C. &Burke, T. Nature

371,698-700(1994).

Meoller, A. Anim. Behav. 36, 996—1005 (1988).

Whittingham, L. A., Dunn, P. 0. & Robertson, R.J. Anim.

Behav. 46, 139-147 (1993).

4. Whittingham, L. A., Taylor, P. D. & Robertson, R. J. Am.
Nat. 139, 1115-1125(1992).

5. Westneat, D. F. & Sherman, P. Behav. Ecol. 4, 6677

(1993).

Maynard Smith, J. Anim. Behav. 25, 1-9 (1977).

Burke, T. etal. Nature 338, 249-251 (1989).

Wi

=9

655



