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Kurt Wiithrich - co-winner of the Nobel Prize in Chemistry, 2002

To us, the Nobel Prize for Professor Kurt Wiithrich is especially gratifying as his
group provided the first real structure of the cellular 1soform of the mouse prion pro-
tein in 1996, and therefore proved other models wrong (for review, see Liberski and
Jaskolski, Acta Neurobiologiae Experimentalis 2002; 62: 197- 226, Fig. 9 of the re-
view, that 1s also printed below, was published courtesy of Professor Wiithrich).

The origins of our knowledge about three-dimensional structure of biological
macromolecules are rooted in crystallography. But even though numerous argu-
ments may be invoked to prove that the "crystallized" folds represent the physio-
logical conformations, there has always been a strong desire to study proteins and
nucleic acids in their natural environment, in the aqueous solutions. Those dreams
came true through the well known analytical method of nuclear magnetic reso-
nance, NMR. Yet, even in 1980, its application to such humongous systems as
proteins, with thousands of magnetic nuclel, seemed a formidable task.

[t took the knowledge, courage, vision, and determination of people like the
Swiss chemist, biophysicist and structural biologist Kurt Wiithrich to lay foun-
dations for macromolecular structure determination using NMR spectroscopy. When a chemical molecule 1s
placed in a strong magnetic field and irradiated with radio-frequency electromagnetic waves, its nucler with
non-zero spin absorb those waves and a signal can be detected. In classic NMR spectroscopy, the source of the
magnetic signal are the nuclei of the hydrogen atoms ('H) but in macromolecular applications it is often neces-
sary to isotopically label the molecule with other magnetically active nuclei, such as “C or "°N. Perhaps more
importantly, special tricks have to be used to reveal the influence of the minute magnetic field of a given nu-
cleus on its structural neighbors. This will give rise to multidimensional NMR spectra that present a kind of a
convoluted puzzle from which the spatial arrangement, or distance geometry of the atoms must be decoded.
Once this 1s done, the three-dimensional image of the macromolecule will emerge.

In the overwhelming majority of cases the results of the NMR experiments are in complete agreement with
the X-ray structures, confirming the physiological relevance of the crystallographic data. There are instances
where the two methods reveal different pictures; they are even more interesting as they teach us about the struc-
tural variability of some macromolecular systems. In addition, the NMR method usually furnishes a snapshot
not of a single macromolecule but of an ensemble of structures, which also provides information about the dy-
namical properties of the macromolecule, something that 1s not easily obtained by X-ray crystallography.

Kurt Wiithrich started his work on NMR application to proteins in mid-seventies. In the two following decades
he published several classic texts which became "the Bible" of macromolecular NMR spectroscopists. The first
protein NMR structures appeared in the PDB n 1988 and they came from the laboratory of Marius Clore and
Angela Gronenborn, who are the authors of eight out of the first 10 depositions. Kurt Wiithrich’s structure of
tendamistat 1s number 5. In the beginning, NMR spec-
troscopy was mostly used to reconfirm structures that
had been already solved by X-ray crystallography. With
time, this situation has changed and now NMR spectros-
copy serves no longer as a "confirmation” of earlier
crystallographic results. On the contrary, there are now
cases of crystallography rediscovering, or "confirming"
what has been found earlier by NMR spectroscopy. For
example, one of us had the privilege of proving, that in
the crystal structure of bovine pancreatic trypsin inhibi-
tor (BPTI) one of the disulfide bridges coexists in two
configurations, which had been postulated by this
year’s Nobel Laureate seven years earlier.
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Table I

Macromolecular structures deposited in the Protein Data Bank (PDB)

Year 1980 1985 1988 1990 1995 2000 Today
All 73 201 357 711 4,543 15,044 18,881
X-ray 73 200 349 665 3,888 12,582 15,821

NMR - - 4 40 631 2,359 2,926

The cost and amount of work needed to solve a protein structure from its NMR spectra 1s gigantic. This ex-
plains the initial slow growth of the number of NMR structures. Today the rate of accumulation is much higher
(cf. Table), thanks not only to instrumentation improvements but also to the continuing methodological prog-
ress, much of which continues to come from Kurt Wiithrich’s laboratories. At the age of 64 he 1s professor of
biophysics at Eidgendssische Technische Hochschule (ETH) in Ziirich and Cecil H. and Ida M. Green Visiting
Professor of Structural Biology at The Scripps Research Institute (TSRI) in La Jolla (USA). His share of this
year’s Nobel Prize in Chemistry is officially awarded for the development of methods for identification and
structure analyses of biological macromolecules, in particular for his development of nuclear magnetic reso-
nance spectroscopy for determining the three-dimensional structure of biological macromolecules in solution.

The Prize, however, is not merely for improvements of a technique. Its fundamental justification lies in the
resultant explosion of macromolecular structures studied in solution and in paving the way to high-throughput
structure determination for applications in structural and functional genomics. To many who are familiar with
Kurt Wiithrich’s accomplishments it is also obvious that the Prize awards his fundamental discoveries in struc-
tural biology. Perhaps his most important achievement is the determination of the three-dimensional structure of
recombinant prion protein, PrP®, whose pathological conformation is associated with lethal amyloid aggregation
in the brain. Professor Kurt Wiithrich solved the structures of human and bovine PrP® and suggested that the
phenomenon of species barrier is encrypted within the structure of the PrP® molecules. Indeed, the close super-
position of human and bovine PrP“ suggests that human being is a host of choice for transmission of bovine
spongiform encephalopathy from cattle to man with the devastating emergence of variant Creutzfeldt-Jakob dis-
ease. There is an additional problem involved, the lack of real structure of the pathological isoform of the prion
protein, PrP*. We are aware of some work being done at Professor Wiithrich’s laboratory to address this chal-
lenge, and —while congratulating him the Nobel Prize - we are eagerly awaiting for his new results.
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The Editors of Acta Neurobiologiae Experimentalis would like to congratulate Professor Mariusz JaskOlski
for winning this year’s Polish Science Award, the most prestigious scientific award in Poland.



