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is viewed by a powerful confocal microscope.
Remarkably, as the colour of the incident light
is changed from green to red (increasing its
wavelength), the area of the chain where the
light is confined, as shown by the maximum
amount of scattered light, flips from the front
end to the back end, in a sharp transition at
around 675 nm (Fig. 1¢).

This extreme sensitivity of the light con-
finement to the incident colour points to
wavelength-dependent interference effects,
possibly enhanced by delayed interactions of
the light with more distant parts of the nano-
particle array. Indeed, nice agreement with
the measured switching is obtained in a full
dynamic calculation that includes such retarda-
tion effects. The authors stress that a quasistatic
approach — one that takes into account interac-
tions only in a particle’s near field — produces
no asymmetric light localization.

Efficient funnelling of the light to a local-
ized spot therefore requires proper tailoring
of the interferences caused by coupling
between several resonant plasmonic particles.
Moreover, the fact that the widely used quasi-
static approach is invalid is a severe caveat
concerning the reliability of many near-field
calculations on plasmonic nanostructures.
In this context, it should be noted that a scat-
tering image such as that viewed by de Waele
et al. is dominated by areas where the plasmon
is converted into emitted light, and it would be
interesting to compare this image with a map
of the plasmon mode in its near field.

As a final point, it is interesting to return to
the comparison of the nanoparticle array to the
traditional dipole-array (Yagi Uda) antenna
(Fig. 1a) used to pick up radio or television
signals from a station in a specific direction.
The spacing between the elements in such
an antenna is optimized for constructive
interference to enhance the directional sensi-
tivity and concentrate the response at the final
element — in full analogy to de Waele and col-
leagues’ optical array'. Yet there is a significant
difference: the nanoparticle antenna relies on
electron-plasma oscillations that can be tuned
and exploited independently. Moreover, the
optical antenna is resonant at wavelengths
similar to those of the optical transitions of
molecules and quantum dots. One can expect
that this resonant coupling will soon be
exploited to produce ultra-small, wavelength-
sensitive directional sensors or emitters based
on nanoparticle chains. In this dynamic field,
stay tuned for new surprises soon. ]
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GENE TRANSCRIPTION

Extending the message

Patrick Cramer

During transcription, RNA polymerase catalyses the addition of nucleotides
to the growing RNA chain. High-resolution structural snapshots indicate
that the polymerase first identifies its substrate, and then incorporatesit.

Life is chemistry — well, at least it is to the
molecular biologist. But chemical details
remain unclear even for some of the funda-
mental cellular processes such as gene tran-
scription. In two papers published on pages
157 and 163 of this issue, however, Vassylyev
and colleagues"* provide detailed structural
insights into the process of transcription and
suggest a two-step mechanism for adding
building blocks to a growing RNA chain.

In all living cells, gene transcription is the
first step in the decoding of genetic informa-
tion. During transcription, the enzyme RNA
polymerase (RNAP) moves along a DNA tem-
plate and synthesizes a complementary chain
of ribonucleotides — the messenger RNA.
Extension of the RNA chain begins with the
binding of a nucleoside triphosphate (N'TP)
substrate to the transcription elongation com-
plex, which consists of RNAP, DNA and RNA.
Catalytic addition of the nucleotide to the
growing end of the RNA chain then releases
a pyrophosphate ion. Finally, translocation of
DNA and RNA over the RNAP surface frees
the substrate-binding site for the next NTP.

In previous attempts to understand the
mechanism of transcription, structural
information on the elongation complexes
containing eukaryotic RNAPII or bacterial
RNAP was obtained®”. These studies showed
that DNA enters a cleft-like channel in RNAP.
A short hybrid duplex then forms between
the DNA template strand and the RNA prod-
uct above the active site of RNAP at the floor
of the cleft. These studies had also indicated
possible mechanisms both for the separation
of the two DNA strands close to the active
site and for RNA-DNA separation at the end
of the hybrid.

In some elongation-complex structures,
NTP-binding sites were also observed within
RNAPII (refs 4-6). The NTP substrate was
found to be trapped in the insertion site of
RNAP*® — which is apparently occupied dur-
ing the catalytic extension of the RNA chain
— but also in an overlapping position that
slightly differed, indicating the existence of
a catalytically inactive NTP-bound state’.
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Figure 1| Two-step mechanism of RNA chain
elongation during transcription. Vassylyev

et al."? found that, during transcription from a
DNA template, elongation of an RNA sequence
involves the binding of a nucleoside triphosphate
(NTP) to the RNA polymerase (RNAP) enzyme
in an inactive ‘pre-insertion’ state; this is
characterized by partial folding of the RNAP
trigger loop. Complete folding of the trigger loop
brings the two metal ions, I and II, of RNAP close
together, delivering the NTP to the insertion site,
where catalysis leads to nucleotide incorporation
and the release of pyrophosphate.
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However, the earlier studies suffered from
relatively low resolutions, ranging from
35t04.5A.

In one of their two papers', Vassylyev et al.
now present the crystal structure of an elon-
gation complex containing bacterial RNAP
at 2.5 A — the highest-resolution structure
of an elongation complex for a cellular RNAP,
and the first crystal structure of an elongation
complex containing bacterial RNAP. They find
that the arrangement of DNA and RNA in the
complex is very similar to that of RNAPII-
containing elongation complexes in higher
organisms; this reflects a conserved mecha-
nism of transcriptional elongation throughout
evolution.

The authors also imaged an RNA single
strand within an exit tunnel that leads to the
enzyme surface. The exit tunnel could widen
and accommodate an RNA duplex, which
forms a hairpin structure during pausing and
termination of transcription. The elongation
complex structure further shows that DNA
strands are separated just before the active site,
allowing only one NTP to bind at a time.

The new structure of the bacterial elongation
complex allowed Vassylyev and colleagues to
carry out detailed analysis of the mechanism
of nucleotide incorporation into the growing
RNA chain in a separate study’. They deter-
mined two crystal structures of the bacterial
elongation complex bound to a non-reactive
NTP analogue at a resolution of 3.0 A — one
in the absence and one in the presence of the
antibiotic streptolydigin.

In the absence of streptolydigin, NTP binds
to two catalytic metal ions at the insertion site,
in agreement both with structural and func-
tional information for RNAPII (refs 4,8,9)
and with a general two-metal-ion mecha-
nism of action for polymerases'’. Metal ion I
(or A) is persistently bound to RNAP, whereas
metal ion II (or B) binds the triphosphate
moiety of NTP, and is recruited ad hoc. When
NTP binds to the insertion site, a mobile part
of the active centre called the trigger loop folds
completely*®.

By contrast, in the presence of streptolydigin,
the trigger loop folds only partially, and the
NTP binds to RNAP in a catalytically inactive
‘pre-insertion’ state. In this state, the base and
sugar groups of NTP are essentially bound as
they normally bind during insertion, but its
triphosphate group and metal ion II are too
far from metal I to allow catalysis. Thus, the
antibiotic apparently inhibits transcription
by preventing complete folding of the trigger
loop, thereby impairing NTP delivery to the
insertion site.

The two overlapping but chemically distinct
NTP-binding sites in the RNAP active centre
support a two-step mechanism of nucleotide
incorporation into the growing RNA chain
(Fig. 1). The NTP would first bind to an open-
conformation active centre in an inactive
pre-insertion state. Complete folding of the
trigger loop then leads to the closure of the

active centre, delivery of the NTP to the inser-
tion site, and the formation of all contacts
required for catalysis. Biochemical data strongly
support the existence of the pre-insertion state,
as mutations that interfere with folding of the
trigger loop hardly affect NTP binding, but they
slow catalysis, apparently because NTP delivery
to the insertion site is impaired’.

The two-step mechanism helps explain
transcription fidelity. Selection of the correct
NTP would begin by sampling of substrates in
the pre-insertion state, when Watson—Crick
base pairing between the correct NTP and
the DNA template is established, and RNAP
contacts discriminate between an NTP and a
deoxy-NTP, to prevent DNA synthesis. The
appropriate NTP is then delivered to the inser-
tion site, where its correct base pairing with
the template is double-checked by a tight fit
in the complementary closed active centre.
Subsequent catalysis leads to RNA extension
and pyrophosphate formation. It could be the
release of pyrophosphate that destabilizes the
closed conformation of the active centre'’,
leading to the unfolding of the trigger loop, and
enabling translocation of the nucleic acids.

How exactly translocation occurs, however,
remains an open question. Another outstand-
ing puzzle is how various external factors

that regulate transcription influence RNA
synthesis. By mutating specific amino-acid
residues in RNAP, researchers should now be
able to further define the transcription mecha-
nism and the functions of the trigger loop and
other components of this enzyme. The results
of Vassylyevand colleagues"” provide new clues
on how to design such mutations and how to
address the remaining questions. |
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EXTRASOLARPLANETS

Water on distant worlds

Heather A. Knutson

Is the presence of water a feature common to all gas-giant planets? The
first convincing detection of water vapour in the atmosphere of such a
planet from outside our Solar System indicates that the answer is yes.

Gas-giant planets — Jupiter, Saturn, Uranus
and Neptune in our own Solar System —
generally form at large distances from their
parent star. Here, radiation is less intense, and
so water and other low-mass elements and
compounds, such as methane, can be more
easily accreted in the form of ices onto the newly
formed protoplanet. This process explains why
the Solar System’s gas giants contain signifi-
cantly larger quantities of water than does the
relatively rocky planet we call home. The rule is
expected to hold for gas giants outside our Solar
System, which we presume formed through
similar processes. Until recently, however, the
only planets we were able to study in the neces-
sary detail were those in our own backyard.
On page 169 of this issue, Tinetti and col-
leagues' provide the first convincing evidence
for water vapour in the atmosphere of an
extrasolar planet. The hot gas-giant planet,
or ‘hot Jupiter’, that they studied, known as
HD 189733b, is too far away to be imaged
directly. Instead, the authors took advantage
of the unusual geometry of the system, which is
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oriented such that the planet eclipses its parent
star once every orbit. This transiting geometry
of HD 189733b was exploited most recently to
produce the first-ever infrared ‘map’ of the
temperatures in an extrasolar planet’s atmos-
phere**. Because, unlike the giants of our Solar
System, HD 189733b orbits extremely close to
its parent star — at less than 3% of the Earth—Sun
distance — these temperatures range from
a toasty 1,200 kelvin on the dayside of the
planet to a relatively balmy 970 kelvin on the
nightside.

Tinetti et al. used NASA’s powerful Spitzer
Space Telescope to look for the signal of water
absorption in starlight transmitted through the
edges of the planet’s atmosphere during tran-
sit. This method was applied successfully a few
years ago to detect sodium in the atmosphere
of a hot Jupiter. The authors find that the
effective light-blocking area of HD 189733b is
slightly larger when measured at a wavelength
of 5.8 um than at 3.6 um. This difference, they
conclude, is the effect of water vapour in the
planet’s atmosphere, which will absorb more
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