
50 Years Ago
A Star Called the Sun by Dr. George 
Gamow — We are reminded of 
Dante on his journey to the inferior 
regions: “I would have cast me 
into molten glass to cool me, when 
I enter’d, so intense raged the 
conflagrant mass” … the author 
compares the Sun with other stars 
and explores the nature of such old 
ones as red giants, white dwarfs 
and supernovae, the stars that “die 
glamorously” … The style is popular 
and sometimes racy. Occasionally it 
will offend the English reader who 
has some feeling for his Mother 
tongue, but on the whole, in spite of 
his “oodles and oodles”, the author 
has avoided … ambiguities and 
half-statements. W. L. Sumner
From Nature 21 August 1965

100 Years Ago
The Book of France edited by 
Winifred Stephens — The book 
opens with an appreciation of 
France by Mr. Henry James, 
written with the copiousness 
and verve which characterize 
all his work …Perhaps the most 
arresting and striking contribution 
to the work is the “Debout pour 
la Dernière Guerre!”…done into 
nervous, palpitating English by 
Mr. H. G. Wells … “La Basilique-
Fantôme”, by Pierre Loti…is a 
remarkable word-picture of the 
present state of the cathedral of 
Rheims … “The most irreparable 
disaster is that of those great 
stained windows composed by the 
mysterious artists of the thirteenth 
century … Masterpieces that no 
one can reproduce showered down 
their fragments never to be sorted 
again, their wonderful golds and 
reds and blues, of which the secret 
has been lost, upon the pavement 
stones. Gone for ever those rainbow 
transparencies, gone for ever those 
companies of saints with the charm 
of their simple attitudes.” T. E. Thorpe
From Nature 19 August 1915

structure of HIF-2α–ARNT reveals five poten-
tial binding ‘pockets’ for small-molecule com-
pounds, one in each of the PAS domains of 
HIF-2α and ARNT, with the fifth lying at the 
interface between HIF-2α PAS-B and ARNT 
PAS-A (Fig. 1a). The authors also present a 
structure of HIF-2α–ARNT bound to the small 
molecule proflavine indicating that it binds to 
the interface pocket. This is consistent with the 
previous observation that acri flavine (a mix-
ture of proflavine and trypaflavin) de stabilizes 
HIF-2α–ARNT heterodimers in cells5. A fur-
ther structure reveals that the HIF-2α inhibitor 
0X3 (ref. 4) binds to the pocket on the HIF-2α 
PAS-B domain. 

The authors also compared the amino-
acid sequences of the binding pockets of 
HIF-1α and HIF-2α, and found the interface  
(pro flavine-binding) pocket to be highly 
conserved, but the PAS-A and PAS-B  
pockets less so. This suggests that small- 
molecule inhibitors may be developed 
that are selective for complexes containing 
either HIF-1α or HIF-2α, or that target both 
complexes. These are both highly desir-
able goals for drug design, depending on the  
disease context9. The findings also re  invigorate 
the possibility that HIF proteins bind their 
cellular ligands through one or more of 
these subdomains, as has been shown for 
AhR–ligand binding in the gastrointestinal  
system10.

Wu and colleagues went on to determine the 
structure of both HIF-1α–ARNT and HIF-2α–
ARNT bound to an HRE sequence — the first 
report of a multidomain bHLH–PAS hetero-
dimer in association with DNA. As expected, 
both HIF-α–ARNT dimers in complex with 
DNA show the same overall architecture, and 

they use conserved amino-acid residues in 
a DNA-recognition helix region (α1) of the 
bHLH domain to make base-specific contacts 
in the major groove of the DNA. However, 
unexpectedly, a comparison of the DNA-free 
and DNA-bound complexes revealed that the 
amino-terminal end of the α1 helix under-
goes a coil-to-helix transition that extends the 
helix to facilitate the base-specific interactions 
(Fig. 1b). The preceding bHLH α2 helix also 
rotates to help orient the α1 helix for DNA 
recognition. Another surprise from the struc-
ture is that the PAS-A domain of each HIF-α 
subunit makes contact with the minor groove 
of the DNA approximately six base pairs away 
from the HRE core element, thus extending 
the ‘footprint’ of the HIF-α–ARNT hetero-
dimer on DNA. These observations reveal that 
HIF-α–ARNT complexes undergo structural 
alteration of the bHLH region, with participa-
tion of the HIF-α PAS-A domain, for DNA 
recognition.

Mutations in both HIF-1α and HIF-2α 
have been identified from cancer biopsies11,12, 
and Wu et al. show that these mutations cor-
respond to amino-acid residues at interfaces 
between protein domains, DNA-contact resi-
dues or pocket regions in the PAS domains. 
This finding reinforces the biological impor-
tance of crystallographic information on 
the HIF-α–ARNT complexes, their mode of 
DNA recognition and the binding of small 
molecules. 

Finally, Wu and colleagues’ findings suggest 
that different bHLH–PAS family members 
integrate distinct environmental cues, and 
that there is not one mode of heterodimeri-
zation for the bHLH–PAS proteins. Such dif-
ferently arranged domain–domain junctions 
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Figure 1 | The HIF-α–ARNT heterodimer off and on DNA. a, The two protein subunits of the 
transcription factor hypoxia-inducible factor 2 (HIF-2) — HIF-2α (purple) and ARNT (green) — each 
have bHLH, PAS-A and PAS-B domains. Wu and colleagues’ crystal structure2 of this heterodimer reveals 
contiguous interactions between the HIF-2α domains, but not between those of ARNT. Furthermore, 
the structures show binding pockets for putative small-molecule ligands (circles), including proflavine 
and 0X3. b, The authors also present a structure of the heterodimer in complex with DNA. The domain 
organization seen in this structure highlights the extension of the bHLH α1 helices such that they 
can interact with the DNA major groove; reorient the α2 helices to position the α1 helices for DNA 
recognition; and direct minor-groove DNA interactions with the PAS-A domain of HIF-2α.
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