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@ The Nobel Prize in Chemistry 2013
Martin Karplus, Michael Levitt, Arieh Warshel

The Nobel Prize in
Chemistry 2013

e ) A

Pho cimedia

© Nobel Media AB Photo: Keilana vi o:
Martin Karplus Wikimedia Commons Commons
Michael Levitt Arieh Warshel

The Nobel Prize in Chemistry 2013 was awarded jointly to Martin Karplus,
Michael Levitt and Arieh Warshell "for the development of multiscale

models for complex chemical systems". |




“for the development of multiscale models for complex chemical systems”

The computer — your Virgil in the
world of atoms

Chemists used to create models of molecules using plastic balls and sticks.
Today, the modelling is carried out in computers. In the 1970s, Martin
Karplus, Michael Levitt and Arieh Warshel laid the foundation for the
powerful programs that are used to understand and predict chemical
processes. Computer models mirroring real life have become crucial for
most advances made in chemistry today.

This year's Nobel Laureates in chemistry took the best from both worlds and
devised methods that use both classical and guantum physics. For instance,
in simulations of how a drug couples to its target protein in the body, the
computer performs guantum theoretical calculations on those atoms in the
target protein that interact with the drug. The rest of the large protein is
simulated using less demanding classical physics.
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15[] Conformational change Protein-peptide complex
of 20 residue peptides with a disordered region
upon modification
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equipment, and 1o Dr. 0. E. R. Deacon and the
captain and officers of R.K, Discovery II for their
port. in making the ohssrvations.

um ¥. B, Gestard, W, and Jevoms, ., PR M., 40, 148
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a struoture for the aalt

of deoxyribose nucloic veid (DNA).  This
ottre has novel features re of considerblo
biological intareat.

A structure for nueloic acid has alioady been
proposed by Panling and Corey', They kindly made
their manuscript available fo us in advance of
publication. Their model consisia of three inter-
twined chains, with the phosphates near the fibre
wxis, and the on the outsido. Tn onr opinion,

(]] We helieve that the material which giv
diagrams is the salt, nat th frer acid. Withont
sidio hydrogon atams it is not clear what, forcea
d tho structurs togsther, especially ns the
nogatively ohargod phosphates near the sxis will

cach other. (2] Some of the van dar Waals
distances appear (o be oo small,

ther three-chiain structurs has alkso boem sug
gested by Fraser (in the is model the
plosphates are on the outside :\ud the busss o, tho
insido, linkod togothor by hydrogen bonds, This
Hiruntare aa deschibed is vather Hdefined, and for
this reason we shall not comment
on it.
We wish o pui forward o
radically diffrent. structure for
the salt of deoxyribase nusleic

neid.  This structurs has two
helical chain eath ooiled Found
s0me axis (z00 We

hsve made the usual chomical
ssumptions, mamely, that each
ehain consists of phosphato d
eater groups joining Bp-deoxy-
ribofurancse rosidues with 37,5
linkages. The two chaina (but
not. their bases) aro relatod by &
dyad perpendicular to the fibre
axis. Both chains follow right-
handed  helices, but owing m
the dyad the sequences of
stoms n the two chains run
in opposite  directions.  Each
ghain lovmly resrubles Fur-
borg's modol No. 1; that is,
(he- basss are on the inaide of
the helix and the phosphates on
the outside. The configurstion
of the mgar and the atoms

it is close to Furberg's
‘atandard confignration’, the
sugar being toughly perpendi-
culsr to the attached base. There

?

is & rosidue on sach chain svery 3-4 A in tho s dire-
tion. We have sasumed an angle of 36" between
adjocent rosidues . fhe sarme Shin, s that e
struoturo repests after 10 residucs on cach choin, that
is, after 34 A, The distance of & phosphorus atom
from the fibre axia is 10 A. As the phosphates are on
the outside, cations have easy acvess to them.

"he structure is an open one, and ita watar content
is rather high. At lower water contents we would
expect the bases to tilt 50 that the strueture could
becoma more compaot.

The novel foature of the structure is the manner
in whioh the two chains urs held togsthoe by tho
,,..mw and py The plancs of the bases

porpundmular o e B They are joined
ngmur in pairs, » single base from ane chain' being
hyidrogen-bonded 10 & singlo base from the other
chain, @0 tht the two lie side by side with identicsl
zov-ontinatos, Ono of the pair must be & purine aud
the other & pyrimidine for bond fing 1o coour |
hydrogen bonds are made as fo purine position
1 to pyrimidine position 1; Purina position 6 1o

the basss only ocour in the
structuro in the most plausible tautomeric forms
{that is, with the keto rather than the enol con
figurations) it is found that only specific pairs of
buses pan bond togother. Thess puirs oro ; adenine
(purine] with thymine (pyr . and guanine
(purina] with cytosine (pyrimidine},

In other words, if an adenine forms one membor of
& pair, on either chain, then on these assumptions
the other member must be thymine ; similarly for
guanine and cytosine. The sequence of bases on &
single ¢hain does not appear to be restricted in any
way. However, if only specific pairs of bases can be
formed, it follows thas if tho sequence of bases on
ono ohain is given, then the sequence on the other
chain is sutomatioally determined.

¢ hins boon found experimentally’ thet the ratio
of the 15 of adenine to thymine, and the ratio
of guanine ta cytosing, are always very oloss to unity
for deoxyriboss nuelsio seid.

It ia probably imposible to build this structure
with & ribose sugar in place of the deoxyriboss, as
the extra oxygen atom would make too close a van
der Waals contact.

The previously published
ribose nucleio acid are insufficier
of our structure. So far as we can tell, it is ronghly
compatible with the experimental data, but it must
bo regarded as unproved until it has heen ehecked
agoinst more oxact resulta. Some of these are given
in the following communications. We were not aware
of the details of the results prosonted thera when wo
dovised our struoture, which rests mainly though not
entirely on published experimental data and stereo-
chomical argumonts.

It haa not eseaped our notice thet the specific
pairing we bave postulated immediatoly suggests &
possible copying mochanism for the genstic material

Full details of the stroeture, inoluding the con-
ditions assumed in building it, together with & set
of co-ordinates for the atoms, will be published
slsewhere.

We are much indsbted to Dr. Jorry Donohus for
constant adviea and eriticiam, especially on inter-
stomic distances, We have also been stimulated by
& knowledge of the genaral nature of the nnpublished

rimental rosults ond idens of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers

“for their discoveries concerning the
molecular structure of nucleic acids
and its significance for information
transter in living material”

Francis Crick
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by an increase in protein content, while the amount of desoxyribonucleic
acid remains unchanged. _
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THE STRUCTURE OF PROTEINS: TWO HYDROGEN-BONDED
HELICAL CONFIGURATIONS OF THE POLYPEPTIDE CHAIN

By Linus PAULING, ROBERT B. Corey, AND H. R. BRANSON*

GATES AND CRELLIN LABORATORIES OF CHEMISTRY,
CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIFORNIA {

Communicated February 28, 1951

During the past fifteen years we have been attacking the problem of the
structure of proteins in several ways. One of these ways is the complete
and accurate determination of the crystal structure of amino acids, pep-
tides, and other simple substances related to proteins, in order that infor-
mation about interatomic distances, bond angles, and other configurational
parameters might be obtained that would permit the reliable prediction of
reasonable configurations for the polypeptide chain. We have now used
this information to construct two reasonable hydrogen-bonded helical con-
figurations for the polypeptide chain; wet think that it is likely that these
configurations constitute an important part of the structure of both fibrous
and globular proteins, as well as of synthetic polypeptides. A letter an-
nouncing their discovery was published last year.?

The problem that we have set ourselves is that of finding all hydrogen-
bonded structures for a single polypeptide chain, in which the residues are

The Nobel Prize
in Chemistry 1954

Linus Pauling | Robert Corey

"for his research into the
nature of the chemical
bond and its application
to the elucidation of the
structure of complex
substances”

FIGURE 2
The helix with 3.7 residues per turn.
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A THREE-DIMENSIONAL MODEL OF THE MYOGLOBIN MOLECULE
OBTAINED BY X-RAY ANALYSIS

By Drs. J. C. KENDREW, G. BODO, H. M. DINTZIS, R. G. PARRISH and H. WYCKOFF
Medical Research Council Unit for Molecular Biology, Cavendish Laboratory, Cambridge
AND
D. C. PHILLIPS
Davy Faraday Laboratory, The Royal Institution, London

YOGLOBIN is a typical globular protein, and
is found in many animal cells. Like haemo-
globin, it combines reversibly with molecular oxygen ;
but whereas the role of hemoglobin is to transport
oxygen in the blood stream, that of myoglobin is to
store it temporarily within the cells (a funetion par-
ticularly important in diving animals such as whales,
seals and penguins, the dark red tissues of which
contain large amounis of myoglobin, and which have
been our principal sources of the protein). Both
moleculos include a non-protomn moioty, consisting of
an iron-porphyrin complex known as the hem group,
and it is this group which actually combines with
oxygon ; hwrooglobin, with a molecular woight of
67,000, contains four haem groups, whereas myoglobin
has only one, This, together with about 152 amino-
acid residues, makes up a molecular weight of 17,000,
so that myoglobin is one of the smaller proteins. Its
small size was one of the main reasons for our choice
of myoglobin ag a subject for X-ray analysis.

In deseribing a protein it is now common to dis-
tinguish the primary, secondary and tertiary strue-
tures. The primary structure is simply the order, or
sequenee, of the amino-acid residues along the
polypeptide chains. This was first determined by
Sanger using chemical techniques for the protein
insulin', and has since been elucidated for a number
of peptides and, in part, for one or two other small
proteins. The secondary structure is the type of
folding, cailing or puckering adopted by the poly-
peptide chain : the «-helix and the pleated sheet are
oxamples. Secondary structuro has boon assigned in
broad outline to & number of fibrous proteins such as
silk, keratin and collagen ; but we are ignorant of
the nature of the secondary structure of any globular
protein. True, there is suggestive evidence, though
as yot no proof, that w«-helices occur in globular
proteins, to an extent which is difficult to gauge
quantitatively in any particular case. The fertiary
structure is tho way in which the folded or coiled
polypeptide chains are disposed to form the protein
molecule as a threo-dimensional object, in space.
The chemical and physical properties of a protein
cannot be fully interpreted until all three levels of
structure are understood, for these properties depend
on the spatial relationships between the amino-acids,
and these in turn depend on the tertiary and
secondary structures as much. as on the primary.

Only X-ray diffraction methods seem capable, oven
in principle, of unravelling the tertiary and secondary
struetures. But the great efforts which have been
devoted to the study of proteins by X.rays, whila
achieving successes in clarifying the secondary
{though mnot yet the tertiary) structures of fibrous
proteins, have hitherto paid small dividends among

the metabolically more important globular, or crys-
talline, proteins. Progross hore has been slow
because globular proteins are much more complicated
then the organiec molecules which are the normal
objects of X.ray analysise (not counting hydrogens,
myoglobin contains 1,200 atoms, whereas the most
complicated molecule the structure of which has
been completely determined by X-rays, vitamin B ,,
contains 93). Until five years ago, no one knew how,
in practice, the complete structure of a crystalline
protein might be found by X-rays, and it was realized
that the methods then in wvogue among protein
erystallographers could at best give the most sketchy
indications about the structure of the molecule. This
situation was transformed by the discovery, made
by Porutz and his colleagues®, that heavy atoms
could be attached to protein molecules in specific
sites and that the resulting complexes gave diffraction
patterns sufficiently different from normal to enable
a classical method of structure analysis, the so-called
‘method of isomorphous replacoment’, to be used to
determine the relative phases of the refloxions. This
method ean most easily be applied in two dimensions,
giving a projection of the contents of the unit cell
along one of its axes. Perutz attached a p-chloro-
mercuri-benzoate molecule to each of two free
sulphydryl groups in hmmoglobin and used the
resulting changes in cortain of the reflexions to
prepare a projection along the y-axis of the unit
coll®. Disappointingly, the projection was largely
unintorpretable. This was boeause the thickness of
the molecule along the axis of projection was 63 A,
{corresponding o some 40 atomic diameters), so that
the various features of the molecule were superposed
in inextricable confusion, and even at the increased
resolution of 2-7A. it has proved impossible to
disentangle thom*. It was clear that further progress
could only be made if the analysis were extended to
three dimensions. As we shall see, this involves the
collection of many more observations and the pro-
duction of thres or four different isomorphous
replacements of the same unit cell, a requirement
which presents great technical difficulties in most
proteins.

The present article describes the application, at
low resolution, of the isomorphous replacement
method in three dimensions to type 4 erystals of
sperm whale myoglobin®. The result is a throe-
dimensional Fourier, or electron-density, map of the
unit cell, which for the first time reveals the general
nature of the tertiary structure of a protein molecule.

Isomorphous Replacement in Myoglobin
No type of myoglobin has yet been found to con-
tain free sulphydryl groups, so that the method of

© 1958 Nature Publishing Group
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Perhaps the most remarkable features of the
molecule are its complexity and its lack of gymmetry.
The arrangement seers t0 be almost totally lacking
in the kind of regularities which one instinetively
anticipates, and it is more complicated than has been
predicated by any theory of protein structure. Though
the detailed principles of construction do not yet
emerge, we may hope that they will do so at & later
stage of the analysis. |
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