
primaries suggests that the atmospheres of 
these irradiated objects can be more easily 
characterized than can those of hot Jupiters, 
which might allow insight into the workings 
of the harder-to-observe planets. Several other 
white dwarf–brown dwarf binaries are known 
to exist, and may yield constraints on the cli-
mate of irradiated fluid objects that are at least 
as good as those from J1433 (refs 5, 6).

J1433-like systems also allow comparisons 
with other brown dwarfs. Most known brown 
dwarfs are isolated and receive no irradiation, 
so they gradually lose heat from their interiors 
and cool off over billions of years. This heat is 
transported through their interiors by convec-
tion, which drives an active atmospheric circu-
lation that manifests as patchy, time-variable 
clouds that cause significant changes in infra-
red flux over time7. Much work is being done 
to understand this variability and the processes 
that control the surface patchiness. The extent 
to which these dynamical processes will be 
modified by external irradiation is unknown; 
future observations of J1433 and other irradi-
ated brown dwarfs5,6 will help to answer this 
question.

The giant planets in our Solar System (such 
as Jupiter, Saturn and Neptune) experience 
internal and external heat fluxes that are weak 
and comparable to each other8. By contrast, 
hot Jupiters receive external fluxes about a 
thousand to a million times greater than their 
expected internal fluxes9, and thereby show 
us how atmospheric circulation responds 
when external forcing dominates. Isolated 
brown dwarfs represent the opposite extreme,  
transporting enormous internal fluxes but typ-
ically receiving negligible external irradiation. 
These types of body therefore constrain three 
corners of a broad parameter space of exter-
nal irradiation and internal heat flux that spans 
many orders of magnitude in both parameters 
(Fig. 1). Until a few years ago, we lacked obser-
vational constraints on the atmospheric behav-
iour of substellar objects at the fourth corner 
of that parameter space — those subject to 
enormous external irradiation and inter-
nal heat flux that are comparable to within a  
factor of ten. 

J1433 and related brown dwarf–white dwarf 
binaries fill that gap, and could prove crucial 
in the quest to understand how atmospheric 
circulation depends on internal and external 
forcing. The small day–night temperature dif-
ference inferred by Hernández Santisteban 
et al. relative to that of many hot Jupiters3,4 
almost certainly results from the intense heat 
supplied to the atmosphere from the brown 
dwarf ’s interior, but the interaction of the 
internal and external forcings could have 
myriad other consequences that remain poorly 
understood.

The J1433 system is interesting in other 
ways. Hernández Santisteban et al. argue 
that the brown dwarf began life as a star, but 
became a brown dwarf after losing mass to the 

white dwarf — a history that might affect its 
internal structure and atmospheric circulation. 
Moreover, because of the fortuitous orbital 
alignment of J1433 with the line of sight to 
Earth, the brown and white dwarfs eclipse each 
other once per orbit, providing an opportunity 
to characterize the atmospheric composition 
and thermal structure in the way that is com-
monly done for hot-Jupiter systems. ■
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S T E V E N  H A H N  &  S T E P H E N  B U R A T O W S K I

The initiation of DNA transcription 
involves a fascinating interplay between 
RNA-synthesizing RNA polymerase 

(Pol) enzymes, transcription factors and DNA. 
The Pol II complex is of particular interest 
because it synthesizes all messenger RNA in 
eukaryotic (nucleus-bearing) cells. The size 
and flexibility of Pol II complexes present huge 
challenges for structural biologists, but two 
studies in this issue, by He et al.1 (page 359) and 
Plaschka et al.2 (page 353), exploit advances in 
cryo-electron microscopy to produce near-
atomic-resolution snapshots of the Pol II  
machinery.

The bacterial Pol machinery is a streamlined 
system that contains only four Pol subunits and 
a single transcription factor, sigma3. Because 
Pol active sites are highly evolutionarily con-
served4, bacterial Pol has been used to estab-
lish a general model of Pol action. This model 
suggests that Pols and their transcription fac-
tors first associate with the promoter region of 
double-stranded DNA, which lies immediately 
upstream of the sequences to be transcribed, 
to form a structure called the closed complex.  

Next, around 10–13 base pairs of the  
promoter unwind, positioning the DNA 
strand to be transcribed at the Pol active site 
in an open complex (open and closed refer 
to the state of the DNA). Pol subunits form 
channels for incoming nucleotides and the 
exiting mRNA, and create a deep cleft for 
the template strand. A mobile clamp domain 

traps DNA in the active site during the  
transition from the closed to the open complex. 
Finally, the structure contorts into an initial 
transcribing complex, maintaining contacts 
with promoter DNA while downstream DNA 
is pulled into the active site as RNA starts to  
be synthesized. 

In comparison with bacteria, the archaeal 
and eukaryotic transcription machineries are 
complex, with 12–17 Pol subunits and up to 
6 transcription factors. In the Pol II system, 
the transcription factors TBP, TFIIA, TFIIB, 
TFIIE, TFIIF and TFIIH are all required 
and, between them, perform the same func-
tions as bacterial sigma5,6. Years of bio-
chemical, molecular and structural studies  
have probed the roles of each transcription 
factor to piece together a model of eukaryotic 
transcription initiation7. 

Many features of this model are brought to 
life in the current work. Both groups assem-
bled purified transcription factors and Pol II 
on nucleic-acid scaffolds — on double-stranded 
promoter DNA for the closed complex, double-
stranded DNA containing an unwound ‘bubble’ 
for the open complex, and a bubble with a short 
annealed RNA to resemble the initial transcrib-
ing complex. He et al. used a complete set of 
human factors and all three scaffolds, whereas 
Plaschka et al. used all the yeast (Saccharo-
myces cerevisiae) factors except TFIIH to  
visualize the closed and open complexes. 
Despite these differences, the positions of tran-
scription factors and the trajectory of the nucleic 
acids show excellent agreement between the 

S T R U C T U R A L  B I O L O G Y

Snapshots of 
transcription initiation
The enzyme RNA polymerase II, along with several transcription factors, initiates 
DNA transcription. Analyses reveal the structures involved in this process in 
human and yeast cells at high-resolution. See Articles p.353 & p.359
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studies. Moreover, the structures are consistent 
with a range of previous analyses8–12. 

TBP recognizes the TATA element — a  
common DNA sequence in eukaryotic Pol II 
promoters. A subcomplex of TATA DNA, 
along with TBP, TFIIA and the cyclin domains 
of TFIIB, interact with the Pol II wall, posi-
tioning downstream promoter DNA over the 
cleft. A long, flexible region of TFIIB snakes 
through the Pol II exit channel into the active 
site, helping to position DNA correctly. In a 
major advance, the studies reveal how both 
structured and flexible regions of the tran-
scription factors TFIIE and TFIIF are posi-
tioned on either side of the cleft, interacting 
with each other, Pol II and a TBP–TFIIB–
DNA sub complex to promote and stabilize 
structural transitions during open-complex  
formation.

How does the complex transition into an  
initiation-competent state? Evidence indi-
cates13,14 that one subunit of TFIIH is a trans-
locase enzyme that drives DNA opening by 
threading downstream DNA into the Pol II 
cleft. He and colleagues’ structures for the 
closed and initial transcribing complexes 
support this model, showing that the trans-
locase maintains contact with DNA in both 
states, and that an extra 12 bases are threaded 
into the cleft by the time that the latter  
has formed.

The two groups present slightly different 
models for the transition from the closed to the 
open complex. He et al. propose that, during 
the transition, closure of the clamp — driven 
by translocase-generated torsional strain —
traps single-stranded DNA. Clamp-associated 
TFIIE also shifts, and a flexible linker region 
in TFIIB is fixed to stabilize single-stranded 

DNA (Fig. 1). By contrast, Plaschka et al.  
propose that, in yeast, structural changes 
mediated by TFIIE–TFIIB contacts clear the 
cleft of flexible TFIIB segments, allowing entry 
of the template strand, followed by closure of 
the clamp. In this model, TFIIE, and probably 
TFIIB, stabilize single-stranded DNA in the  
open complex.

Discrepancies between the models could 
reflect species differences in transcription 
factors or promoter sequences, differences 
in the size of the DNA bubble, or the absence 
of TFIIH in the yeast system. Both models 
involve small changes in flexible segments 
of TFIIB, TFIIE and TFIIF, so, despite the 
remarkable resolution achieved, the struc-
tures might still have insufficient resolution 
to identify subtle differences. Moreover, these 
static structures capture only single states of a 
dynamic, multi-step mechanism. Perhaps the 
torsional strain that drives these transitions 
affects the structural state of the complexes — 
an area for future study.

The current research highlights similarities  
and differences in initiation mechanisms 
between all multi-subunit Pols. For instance, 
bacterial-DNA unwinding is initiated when 
a wedge structure in sigma flips out a base, 
leading to the opening of the DNA bubble15,16. 
TFIIB, which has a completely different 
amino-acid sequence from sigma, interacts 
with the same segment of promoter DNA. 
Both factors stabilize the open state and must 
be ejected from the active site before transcrip-
tion progresses into elongation mode. Further-
more, eukaryotic Pols I, II and III all use TBP, a 
TFIIB-like factor and subunits related to TFIIE 
and TFIIF (ref. 17), but Pol II is the only one 
to require a translocase. The reason for this 

is unknown, but probably involves greater  
stability of the Pol I and III open complexes, 
analogous to the stable bacterial open complex.

These fantastic new structures provide a 
framework for interpreting many past results, 
and are a harbinger of future investigations. 
For instance, a recent structure18 of a TBP-
containing complex called TFIID, which helps 
to activate transcription, revealed that some 
TFIID subunits interact with promoter DNA. 
This large structure can be docked into the 
current studies’ closed-complex structures — 
suggesting unexpected interactions between 
the basal transcription factors and TFIID sub-
units that may be important in transcriptional  
regulation. 

Eventually, it should be possible to directly 
visualize how multi-subunit coactivator com-
plexes, such as TFIID, or another coactiva-
tor, Mediator, interact with the transcription 
machinery. Mediator is missing from the 
authors’ structures, but is required for nearly 
all Pol II transcription19. The carboxy-terminal 
domain of Pol II’s largest subunit, a key regula-
tory target20, is also missing. Rapidly advancing 
technologies for structural biology hold great 
promise for many more interesting insights 
into the regulation of gene expression. ■
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Figure 1 | Preparation for transcription. He et al.1 and Plaschka et al.2 solved structures of the enzyme 
RNA polymerase II (Pol II) in complex with transcription factors (including TFIIB, TFIIE and TFIIF) 
and DNA for humans and yeast. They solved closed and open complexes, which form in the lead-up to 
transcription initiation. a, The human closed complex reveals the trajectory of double-stranded DNA 
across a cleft in Pol II. DNA is enclosed by winged-helix (WH) domains of TFIIE and TFIIF. Arrows show 
the directions in which DNA is moved by a TFIIH translocase enzyme. A flexible ‘B-linker’ region of TFIIB 
(not visible) is disordered in this state. b, In the open complex, about 12 bases of DNA have been threaded 
into the active site of Pol II, leading to the formation of a single-stranded ‘bubble’ from which the blue 
strand will be transcribed. Single-stranded DNA is stabilized by interactions with B-linker and B-reader 
domains of TFIIB. For simplicity, several transcription factors have been removed from this schematic.
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