within the middle of the sequence (7-9).
The ternary complex described by Geiger et
al. includes a yeast variant of TFIIA that
consists of the full-length small subunit and
a large subunit with an internal deletion,
resulting in a functional but truncated mol-
ecule (10). The two chains of TFIIA em-
brace to form a structure consisting of a six-
stranded B-barrel and a four-helix bundle,
in which half of each domain is contributed
by each of the two subunits. In the absence
of either the large or the small subunits, a
stable globular protein is unlikely to form.
Such a fold is not typical of the modular or-
ganization of most transcription factors and
should alert us to the dangers of using dele-
tion mutants to map interaction domains in
the absence of structural information.

Most revealing is that only relatively
small portions of TBP’s exposed surface in
the binary complex become buried upon
formation of the ternary complex. TBP
also has restricted contact surfaces in the
TFIIB triple complex (4) and in its inter-
actions with other basal factors (11).
These observations suggest that factors
may enter the preinititation complex by
contacting rather limited regions of differ-
ent subunits within the complex, relying
upon the relative spatial disposition of
these elements to obtain specificity. In the
TFIIA ternary complex, these interactions
involve specific contacts to limited regions
of TBP and nonspecific interactions with
the phosphate backbone of the DNA. This
mode of recognition may partly explain
how TBP and TFIIA can participate in
multiple interactions with other compo-
nents of the transcriptional machinery. In-
deed, isolation of TBP-containing com-
plexes from Drosophila and human cells sug-
gest that this essential transcription factor is
in a stable complex with numerous tightly
associated subunits, termed TAFs, that to-
gether form TFIID. Some of the TAFs bind
both TFIIA and TFIIB. Thus, the forma-
tion of an active preinitiation complex
likely requires multiple contacts between
TBP, TFIIA, TFIIB, and TAFs.

It is not known at present whether the
promoter/preinitiation complex can form via
alternative contacts between its constituents,
depending upon the core promoter se-
quences and adjacent DNA-binding pro-
teins. We also do not know how the TAFs
interact with the TBP/DNA/TFIIA structure
reported here because some of the subunits of
TFIID directly contact TFIIA (7). As more
structural information becomes available, it
will become clear how other components of
the basal transcription apparatus—such as
TFIIE, TFIIF, and the subunits of RNA poly-
merase [[—fit into the framework revealed
by the TFIIA and TFIIB complexes and how
TFIIA may transduce activation signals from
enhancer-bound regulators.
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It is hard to believe that only 6 years ago
we had just obtained the first few compo-
nents of the preinitiation complex as puri-
fied proteins that could restore accurate ini-
tiation of transcription in vitro. Now that
high-resolution structures of partial ini-
tiation complexes are accumulating rap-
idly, we may soon have a detailed picture
of the entire transcription machinery and
will begin to understand how this amaz-
ing complex controls the expression of
some 100,000 genes in the eukaryotic cell.

References

. J. H. Geiger et al., Science 272, 830 (1996).

. Y. Kim et al., Nature 365, 512 (1993).

. J.L.Kim etal., ibid., p. 520.

. D. B. Nikolov et al., ibid. 377, 119 (1995).

. K. Yokomori et al., Genes Dev. 8, 2313 (1994).

. P. M. Lieberman and A. J. Berk, ibid., p. 995.

. K. Yokomori et al., ibid. 7, 2235 (1993).

. J. Dedong and R. G. Roeder, ibid., p. 2220.

. D.Maetal, ibid., p. 2246.

. J.J. Kang et al., Mol. Cell. Biol. 15, 1234 (1995).

. H.Tang etal, Proc. Natl. Acad. Sci. U.S.A. 93, 1119
(1996).

= O WO NOOA WN =

—_ o

Getting Down to the Core of
Homologous Recombination

Andrzej Stasiak

Can a small piece of a big
enzyme perform a reaction
normally catalyzed by the

-

Y
whole protein? It seems that 7t \\
the answer is yes, at least A
when the piece is a 20- = 4
amino acid peptide derived \\
from RecA, a bacterial pro- < ]

tein that repairs and recom-
bines DNA, and when the
reaction is a certain kind of

lodifypovy %

Heat or
L2 peptide

el

DNA strand exchange. In
this issue, Voloshin and co-
workers () present experi-
ments that illuminate a cru-
cial step in homologous re-
combination, the process
by which DNA molecules
with similar genetic infor-
mation line up side by side
and exchange strands. Such reassortment of
the genetic material creates new genetic
traits in the offspring and thus drives the pro-
cess of evolution.

In their search for the regions of the
RecA protein that can mediate DNA
strand exchange, these authors turned to
the crystal structure of RecA, solved earlier
(2). Although there is no DNA in these
crystals, RecA monomers form helical
structures that are similar in shape to RecA-
DNA filaments visible under the electron
microscope when RecA binds to DNA.
Crystallized RecA monomers have two dis-
ordered loops, as if they were lacking stabi-
lizing contacts with DNA. Comparison of
the crystal structure of RecA with the
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Strand exchange between supercoiled double-stranded DNA
and single-stranded DNA. The supercoiled molecule becomes re-
laxed as strand exchange progresses. This process of relaxation’
drives forward the reaction in which every opening of base pairs in
the substrate duplex is compensated by formation of new base
pairs in the heteroduplex region. The reaction stops when the relax-
ation of supercoiled DNA is attained (4). In this schematic drawing
the primary helicity of DNA is not shown. For every 10 base pairs
exchanged (one turn of DNA helix), one superhelical turn is relaxed.

RecA-DNA filaments (3) suggests that
these disordered loops (L1 and L2) are in a
good location to contact the DNA. There-
fore, Voloshin and co-workers synthesized
short peptides equivalent to individual dis-
ordered loops and assayed the activities of
these peptides. One of the 20-amino acid
peptides, corresponding to loop 2, was able
to bind to single- and double-stranded
DNA. In addition, while binding to single-
stranded DNA, this peptide decreased
stacking of nitrogenous bases, the building
blocks of DNA, mimicking RecA’s ability
to stretch and partially unstack single-
stranded DNA. This result is hardly surpris-
ing; after all, DNA binding domains are ex-
pected to bind to DNA, although they may
show a lower affinity when taken out of the
context of the whole protein.

However, the authors went further and
challenged the peptide with the seemingly
impossible task of catalyzing DNA strand



exchange. They chose a particular type of
DNA strand exchange reaction, namely,
that between supercoiled duplex DNA and
single-stranded DNA  complementary to
one of the strands in the duplex. This reac-
tion has a unique advantage: It is driven
forward by the free energy of DNA super-
coiling (see the figure). Indeed, at elevated
temperatures (but still below the melting
temperature of DNA), these reactions can
proceed spontaneously without participation
of any proteins (4). This temperature eleva-
tion is necessary for the initiation of sponta-
neous strand-exchange reactions, suggesting
that premelting changes in the single-
stranded DNA or supercoiled duplex DNA
are necessary. for the homologous pairing.

RecA protein can promote pairing be-
tween these DNA molecules at temperatures
well below the threshold point of the sponta-
neous reactions. RecA likely induces in
DNA a premelting state that is necessary
for homologous recognition between DNA
molecules. This state probably involves a par-
tial unstacking of DNA bases. So it follows that
the 20-amino acid peptide with DNA-
unstacking activity could substitute for the en-
tire RecA molecule and catalyze the reaction,
although it is less efficient than RecA (1).

If a small peptide can mediate DNA
strand exchange, what is the function of the
remaining 332 amino acids of RecA? Be-
cause the reaction used by Voloshin et al.
was energetically driven by the relaxation
of torsional stress in supercoiled DNA, the
peptide was not required to do too muchy; it
needed only to initiate the strand ex-
change, which would then proceed further
spontaneously. In natural recombination
reactions in cells, DNA supercoiling will
rarely drive the reaction in this way. Usu-
ally, DNA strand exchange is energetically
costly—long DNA molecules have to be ro-
tated, proteins on DNA must be removed,
and the strand-exchange reaction has to pass
through heterologous regions that are not
well paired. Whole RecA protein hydro-
lyzes adenosine 5 -triphosphate (ATP), and
the energy so harnessed drives the strand
exchange reaction (5). The protein do-
mains that convert chemical energy into a
directed motion are certainly bigger than 20
amino acids. There are also probably many
other domains that are needed for the full
activity of RecA—for example, domains
that contact LexA repressor during pro-
teolytic cleavage, a reaction necessary for
the response of the cell to DNA damage
(6). Thus, in real life RecA needs all of its
352 amino acids.

However, the part of RecA that helps
two homologous DNA molecules to recog-
nize each other is very likely the L2 loop,
or a portion of it. Its ability to unstack
DNA bases would allow RecA to stretch
and unwind the DNA helix. A yeast re-

combination protein, Rad51, and its hu-
man analog also stretch and unwind DNA
(7); these additional examples of a stretched
DNA structure facilitating homologous recog-
nition of identical sequences point to a uni-
versal mechanism of homologous recognition.
When protein-free DNA is stretched by an
external force, there is a transition from the
classical Watson-Crick structure to the
stretched form, with a roughly 50% exten-
sion of the length (8). This increase corre-
sponds to the DNA extension in filamentous
RecA-DNA complexes (9). Perhaps RecA,
by binding to DNA, uses its L2 region to in-
duce a structural transition in DNA from a
regular helix to the stretched configuration.
Until now, experiments with the whole
RecA protein could not reveal the mecha-
nism by which RecA stretches and unwinds
DNA. Now that Voloshin et al. have iden-
tified the active core peptide of RecA that
can cause stretching and unwinding, the

PERSPECTIVES

field of DNA recombination should soon
know exactly how two homologous DNA
molecules recognize each other before they
exchange their genetic material.
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An alarming emerging disease is caused
by dengue viruses, which have escaped
their original home in Asia to spread to
the tropical Americas. Dengue infec-
tion, usually resulting in flu-like symp-
toms, now sometimes causes a much
more dangerous illness—dengue hemor-
thagic fever, also known as dengue
shock syndrome—which can be fatal in
infants and young children (I). Thus,
the new results of Olson et al. in this is-
sue of Science (2) are particularly wel-
come; they give hope that we may be
able to control dengue fever by geneti-
cally altering the organism that trans-
mits the disease, the mosquito.

Most research on dengue virus has fo-
cused on vaccine development and on
better methods of eradicating mosquitoes.
But a more promising approach may be to
engineer mosquitoes so that they can no
longer transmit disease. If mosquitoes that
have been engineered to be resistant to
the virus are released into the natural
population, they should decrease the trans-
mission of the disease. To accomplish this,
a three-pronged approach is necessary: We
must (i) be able to genetically engineer
mosquitoes in the laboratory, (ii) know
how to move the genes into mosquito
populations in the wild, and (iii) under-
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stand the population genetics and transmis-
sion properties of the target mosquitoes.

The results of Olson et al. are an im-
portant step in successfully constructing
mosquitoes that cannot transmit disease:
their results provide a proof-of-principle
that we can really block dengue trans-
mission by genetic engineering. Olson
and co-workers (2) have used a Sindbis
virus to express an antisense RNA de-
rived from the dengue viral genome in
the mosquito Aedes aegypti. The pres-
ence of this antisense RNA in the mos-
quito prevents dengue infection of the
salivary glands and halts subsequent
transmission of the virus.

This strategy of creating “intracellu-
lar immunity” is the first successful effort
to express an exogenous gene that con-
fers resistance to an important human
pathogen. Nevertheless, more needs to
be done. The new Sindbis viral con-
structs are not permanently integrated
into the mosquito genome, so the resis-
tance to dengue virus cannot yet. be
passed down to new generations of mos-
quitoes. But when this hurdle is over-
come, these dengue-resistant mosquitoes
can be tested in field trials for effective-
ness in real-world situations.
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