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NEWS AND VIEWS 

The changing shape of structure 
Participants at Nature's conference on structural biology (11-12 November) found that mere description of 
structures has given way to an exciting exploration of the relationship between form and function. 

Boston. The term "structural biology" was 
coined about 25 years ago. For much of the 
intervening time, however, progress has been 
slow, so much so that, when the conference 
began last week, John Maddox expressed 
concern that the subject had yet to progress 
beyond the merely descriptive. He need not 
have worried. Confidently announcing a 
new central dogma for the Age of Structural 
Biology ("sequence implies structure im
plies function"), Greg Petsko (Brandeis 
University) introduced the first session by 
noting that progress in the field was now so 
fast that the important thing was no longer 
who had described what first, but what they 
had done with it. 

The acceleration has indeed been dra
matic - this year, new structures have been 
appearing at the rate of almost one a day. As 
Wayne Hendrickson (Columbia University) 
explained, the change stems from a revolu
tion in the available instrumentation. 
Synchrotron radiation sources and area 
detectors have drastically reduced the time 
taken to gather the data for a new structure, 
and are allowing techniques such as multi
wavelength anomalous dispersion (MAD) 
to become routine. Coupled with vastly 
enhanced computer power and the large 
quantities of pure protein that can now be 
made by recombinant DNA techniques 
(sometimes containing atomic labels such 
as seleno-methionine), this has led to an 
exponential growth in structure numbers. 

As the flood of new information contin
ues, it is increasingly common to find that 
two seemingly unrelated proteins (such as 
interleukin 113 and soybean trypsin inhibi
tor) tum out to have the same fold. Is there 
any way in which such pairs can be recog
nized? Janet Thornton (University College, 
London) described a remarkably successful 
method for "threading" primary sequences 
on to folds known from other proteins and 
evaluating how well they fit. Of course, at 
least one protein with the relevant fold must 
have been analysed already. But there may 
be only about 1,000 folds to discover, as 
Cyrus Chothia (University of Cambridge) pre
dicted, and as the number of known folds 
(currently about 135) increases towards this 
limit, the technique will be increasingly useful. 

Other talks concentrated on even more 
intractable problems. Some of the hardest 
are concerned with the motions and actions 
of proteins, which frequently occur in milli
seconds, rather than the minutes or hours 
needed to obtain a complete set of X-ray 
diffraction data. Sometimes intermediate 
forms can be trapped as Thomas Creighton 
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(EMBL, Heidelberg) has done to study the 
folding of bovine pancreatic trypsin inhibi
tor. On other occasions, however, new ap
proaches are necessary. Petsko's group has 
been using the Laue diffraction technique, 
in which data collection is accelerated by 
using broad bandwidth X-rays on a 
stationary crystal, to examine short-lived 
intermediates such as the GTP-bound form 
of the oncoprotein Ras. 

In other cases again, even higher time 
resolution is possible. Structure determina
tion by NMR is now a much used alternative 
to X-ray diffraction. Kurt Wuthrich (ETH, 
Zurich), however, showed that it can also be 
used to look at the water molecules trapped 
between a homeobox DNA-binding domain 
and the major groove of the DNA, demon
strating that they are freely exchangeable on 
millisecond timescales. 

Studying the structures of proteins that 
are normally inserted in membranes entails 
further problems, as Johann Deisenhofer 
(University of Texas Southwestern Medical 
Center) noted, not least those of obtaining 
an adequate supply of pure material and 
persuading it to form usable crystals. It is 
therefore hardly surprising that only a few 
such structures (notably that of the 
photoreaction centre of Rhodopseudomonas 
viridis) have ever been determined. Does 
this mean that any hope of understanding 
the motions such proteins undergo must be 
abandoned? Not at all, said Nigel Unwin 
(MRC Laboratory of Molecular Biology, 
Cambridge). By using electron rather than 
X-ray diffraction, and by spraying acetyl
choline onto two-dimensional crystals of its 
receptor just milliseconds before freezing 
them, his group is well on the way to 
understanding how the binding ofthis neuro
transmitter opens ion channels in the post
synaptic membrane. 

Sometimes, the protein itself helpfully 
remains in an intermediate state for long 
enough to be lopped off its membrane an
chor and studied. Don Wiley (Harvard Uni
versity) described a striking example from 
influenza virus, whose haemaglutinin un
dergoes an irreversible structural rearrange
ment on exposure to the acidic environment 
of Iysosomes. The acid-induced structure is 
produced by several concerted helix-stand 
transitions, and extends an a-helix in the 
extracellular form of the protein by more 
than 100A so as to expose the highly hydro
phobic N-terminal peptide and induce 
membrane fusion. A similar mechanism may 
be used by other enveloped viruses, sug
gested Stephen Harrison (Harvard Univer-

sity), but at least for flaviviruses the detailed 
mechanism appears to be very different. 

Can such an intimate knowledge of the 
viral life-cycle be used to interfere with it? 
Mark von Itzstein (Monash University, Mel
bourne) showed that it can. By a careful 
exploration of the sialic acid binding site on 
the influenza virus sialidase (also known as 
neuraminidase), he and his collaborators 
have been able to synthesize sialic acid 
derivatives that bind tightly and specifically 
to the influenza enzyme alone and show 
great promise as antiviral agents. Other 
groups have been developing methods by 
which similar inhibitors can be designed for 
any enzyme. By cross-linking crystals of 
elastase and transferring them to a variety of 
organic solvents, Dagmar Ringe (Brandeis 
University) has been able to map any mol
ecules of each solvent that are tightly bound 
to the protein surface, building up a picture 
of the places available for interaction with 
any possible inhibitor. 

But in the end, it was the sheer power of 
the insights into biological problems that 
structural methods are now producing that 
was most impressive. Our understanding of 
how muscles contract (Ken Holmes, Max 
Plank Institute, Heidelberg), how transcrip
tion factors bind DNA (Aaron Klug, MRC 
Laboratory of Molecular Biology, Cam
bridge), how calcium levels control enzyme 
activity (Florante Quiocho, Baylor College 
of Medicine, Texas), and how tyrosine 
phosphorylation transmits intracellular sig
nals (John Kuriyan, Rockefeller University, 
New York) now rests upon the structure of 
the proteins and substrates involved, and in 
the past twelve months, our views of peptide 
presentation by the immune system and the 
eukaryotic transcription initiation have been 
transformed by the structures for peptide
bound MHC class II (Don Wiley, Harvard 
University) and DNA-bound TATA-box 
binding protein (Stephen Burley, Rockefel
ler University, New York) respectively. 

Who would have imagined without see
ing the structures involved that, despite the 
different roles, subunit compositions, and 
peptide binding capacities of MHC class I 
and II, their peptide binding domains would 
have virtually identical structures, or that a 
basic component of the transcription appa
ratus could so drastically affect the structure 
of its binding site? As the remaining 900 
folds are discovered and their functions are 
explored, such insights are sure to become 
increasingly frequent, ensuring that the ef
fects ofthe structural explosion are felt for a 
long time to come. Nicholas Short 
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