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Abstract

Structural genomics is on a quest for the structure and function of a significant fraction of gene products. Current
efforts are focusing on structure determination of single-domain proteins, which can readily be targeted by X-ray
crystallography, NMR spectroscopy and computational homology modeling. However, comprehensive association
of gene products with functions also requires systematic determination of more complex protein structures and
other biomolecules participating in cellular processes such as nucleic acids, and characterization of biomolecular
interactions and dynamics relevant to function. Such NMR investigations are becoming more feasible, not only
due to recent advances in NMR methodology, but also because structural genomics is providing valuable structural
information and new experimental and computational tools. The measurement of residual dipolar couplings in
partially oriented systems and other new NMR methods will play an important role in this synergistic relationship
between NMR and structural genomics. Both an expansion in the domain of NMR application, and important
contributions to future structural genomics efforts can be anticipated.

Structural genomics

For many years, biomolecular structures have been
determined by X-ray crystallography and NMR spec-
troscopy to provide an atomic level basis for recog-
nition, catalysis and regulation underlying a known
biomolecular function. The birth of structural ge-
nomics and the quest for the structure and function of
all gene products marks almost a reversal of this tradi-
tion, where biomolecular structures will be determined
ad hoc for assigning functions. Protein structures have
evolved to become signature markers for their func-
tions, and it is estimated that 66% of proteins having
similar folds also share similar functions despite of-
ten having little sequence homology (Koppensteiner et
al., 2000). In addition to assigning known functions to
new proteins through structural homology, biomolec-
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ular structures can guide the de novo discovery of new
functions, and provide a rational framework for find-
ing and optimizing lead compounds in drug discovery
(Norin and Sundstrom, 2001).

To meet the goal of structural genomics, a num-
ber of programs have been established for large-scale
protein structure determination by X-ray and NMR.
Unlike sequencing efforts in genomics, structural ge-
nomics consortia do not plan to experimentally de-
termine structures for every identified amino-acid se-
quence; it is estimated that the human genome alone
encodes for 30 000 proteins (Sali, 1998). Many pro-
teins resist characterization by X-ray and NMR, and
it remains difficult to fully automate the art of protein
cloning, expression, and purification. Rather, the goal
is to rapidly determine anywhere between 10 000–
20 000 carefully selected non-redundant protein struc-
tures, and such an expansion in ‘structural space’ is ex-
pected to pave the way for predicting protein structures
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based on sequence using comparative homology tech-
nologies. Such computational approaches generate a
template structure for a target sequence on the basis of
its alignment to one or more related protein structures
(Koehl and Levitt, 1999; Marti-Renom et al., 2000).
For >50% sequence identity, modeled structures tend
to have an all atom root mean square distance (RMSD)
of 1 Å for main chain atoms (compared to a tar-
get experimental structure), which is comparable in
accuracy to well-determined NMR structures, while
structures based on 30%–50% sequence identity tend
to have 90% of the main chain within 1.5 Å, with
primary deviations arising in side chain alignments
(Sanchez and Sali, 1998). An expansion in protein
structural coverage would increase access to protein
structures computationally allowing useful inferences
to be drawn about gene product function at unprece-
dented rates and cost efficiencies. Predicting protein
structures from sequence is thus no longer a distant
objective, but an achievable goal that is fueling struc-
tural genomics activity (reviewed in Baker and Sali,
2001).

To determine protein structures efficiently and cost
effectively, structural genomics consortia are focusing
on well-folded single-domain proteins. Such proteins
have a high ‘structure determination success rate’, be-
cause they tend to have a high propensity to yield
diffracting crystals, and because they frequently fall
within a size limit that permits NMR structure deter-
mination within a competitive time frame. In addition
to determining protein structures that may resist crys-
tallization, NMR can be used to screen proteins for
‘foldedness’ and propensity for crystallization, and
to characterize intermolecular interactions in validat-
ing functional assignments (reviewed in Montelione
et al., 2000; Prestegard et al., 2001). New method-
ologies are being used to enhance the speed of NMR
structure determination. Efforts are primarily focus-
ing on reducing the time expenditure associated with
assigning resonances and side chain NOEs, by em-
ploying automated resonance assignment programs
(Montelione et al., 2000; Mumenthaler et al., 1997),
various deuterium isotopic labeling strategies for spec-
tral simplification (Venters et al., 1995; reviewed in
Gardner and Kay, 1999) and by relying on other
sources of long-range structural constraints, including
the measurement of residual dipolar couplings (RDCs)
between backbone nuclei (reviewed in Prestegard et
al., 2001; Bax et al., 2001). Other procedures are
also being devised for establishing structural homol-
ogy between a target protein and protein structures

in the PDB without the need for structure determina-
tion, but through direct comparison of measured and
predicted NMR parameters, such as chemical shifts
and RDCs (reviewed in Bax et al., 2001; Tolman,
2001). These improvements in cost and speed efficien-
cies of NMR applications, and other developments in
automation technologies to assist protein cloning, ex-
pression, purification, and sample conditioning, will
benefit a variety of biomolecular NMR investigations
conducted at the individual laboratory level. Thus, a
positive synergistic relationship is evolving between
NMR and structural genomics.

Structural genomics will also have other conse-
quences on biomolecular NMR investigation. Struc-
ture determination of single-domain proteins – fre-
quent targets of NMR structural studies – are com-
prehensively being pursed by large-scale structural
genomics consortia operating with the benefits of
economies of scale, as well as by rapid and cost ef-
fective computational homology routines. Hence, in
parallel to the demands for high throughput NMR
structure determination, structural genomics is creat-
ing the impetus to expand NMR applications towards
larger and more complex biomolecular systems. In-
deed, the majority of eukaryotic genes do not encode
for aqueous single-domain proteins, but multi-domain,
membrane, and ‘unstructured’ proteins, and gene
products include other biopolymers such as RNA.
Structural studies of these biomolecules is generally
more challenging, both for NMR due to large mole-
cular weights and broad resonances, and X-ray due
to conformational flexibility and difficulties in gen-
erating well diffracting crystals. Moreover, as protein
structures are determined and functions and therapeu-
tic agents sought, studies of molecular interaction and
dynamics will become increasingly important. Being
a multi-faceted spectroscopic technique for examin-
ing structure, interaction, and dynamics that does not
require crystallization, NMR can play an important
role in these investigations. The purpose of this arti-
cle is to not only discuss how recent NMR methods,
and in particular the measurement of residual dipolar
couplings may enhance the feasibility of these NMR
investigations, but to also point out how this method-
ology may be tailored in the future to exploit some
of the advances borne out of first generation structural
genomics programs.
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Residual dipolar couplings

Over the last five years, advances in NMR method-
ology have tremendously expanded its domain of ap-
plicability (reviewed in Ferentz and Wagner, 2000).
Among the many developments, we focus on the mea-
surement of RDCs, which provide unique long-range
orientational constraints that are important for a va-
riety of biomolecular NMR applications (reviewed in
Prestegard et al., 2000; Bax et al., 2001). Dipolar
couplings between pairs of nuclei depend on their dis-
tance of separation (r) and the angle (θ) between the
internuclear vector and the applied magnetic field, as
given by (3 cos2θ − 1)/2r3. While the latter angular
dependence bears long-range structural information
that is highly complementary to traditional short-range
distance constraints derived from NOEs, dipolar cou-
plings are not detectable under solution conditions
because the time average of the angular term is zero
when molecular tumbling is isotrpic (random). At-
tempts to impart weak levels of molecular alignment in
a manner that preserves the benefits of high-resolution
NMR spectra date back to the 1960s, with the use of
ordered liquid crystalline media to induce alignment
of organic compounds (Saupe, 1968), followed by di-
rect magnetic field alignment of organic molecules,
and biomolecules having large magnetic susceptibil-
ity anisotropies (Bothner-By, 1995; Prestegard et al.,
1999). A major breakthrough was the demonstration
that a dilute solution of phospholipid bilayers called
‘bicelles’ (Ram and Prestegard, 1988; Sanders and
Prosser, 1998; Vold and Prosser, 1996), which forms
an ordered liquid crystalline phase at temperatures
>25 ◦C, could be used to induce a tunable level of
molecular alignment for a variety of biomolecular
solutes (Tjandra and Bax, 1997). Even for small de-
partures from isotropic tumbling, on the order of one
molecule in a thousand being on average completely
aligned, dipolar couplings (D) can be accurately mea-
sured as new contributions to splittings of resonances
(J ), in an aligned state (J +D) relative to an isotropic
state (J ). The introduction of bicelles as an order-
ing medium subsequently led to the development of
an array of ordering media having diverse stability
profiles and chemical compositions. While there has
been some skepticism about the physiological rele-
vance of these ordering media, it should be noted that
20–30% of cellular interiors are typically occupied by
macromolecules (Ellis, 2001). Ordering media that are
often composed of lipids, nucleic acids, and carbo-
hydrates (reviewed in Prestegard and Kishore, 2001)

may therefore bring solute biomolecules into hetero-
geneously crowded environments that actually more
closely mimic the cellular interior.

The unique angular information in dipolar data can
be included in traditional refinement protocols (re-
viewed in Prestegard et al., 2000; Bax et al., 2001)
to constrain the orientation of internuclear vectors into
a cone of possible solutions, defined relative to a com-
mon order tensor frame. More decisive constraints can
be extracted from dipolar couplings provided knowl-
edge is available about the local structure of individual
molecular fragments in a biomolecule, and from the
measurement of RDCs in two or more different or-
dering media. Here, the measurement of more than
five independent RDCs per molecular fragment can
be used to uniquely determine relative fragment ori-
entations in the biomolecule. This unique property
of RDCs that enables exploitation of previous struc-
tural information, and the ease with which RDC can
be measured between readily assignable backbone nu-
clei, may effectively be combined with an endeavor
that seeks to determine structures for ‘building block’
components in biomolecules – structural genomics is
a case in point.

Quaternary organizations in multi domain/subunit
macromolecules

Most genes in eukaryotes encode for multi-domain
proteins rather than their single domain counterparts
(domains have on average 153 residues) (Orengo et
al., 1999). These domains often fold autonomously,
carry out distinct functions, and are frequently ob-
served in different protein contexts. Oligomers are
a similar type of biomolecules that carry multiple
copies of a given domain. In all these cases, the
spatial organization of domains is critical for coordi-
nating and sometimes enhancing function. However,
for many years now, determining relative domain
orientations has been challenging for both NMR spec-
troscopists and X-ray crystallographers. Traditional
NMR short-range distance constraints derived from
NOEs are not effective in constraining the geomet-
ric disposition of remotely positioned domains, and
many multi-domain proteins resist crystallization or
are susceptible to crystal packing forces. This, and
the difficulties in characterizing domain orientations
computationally have led to the exclusion of multi-
domain proteins from the majority of first generation
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structural genomics consortia. However, as demon-
strated in a number of recent reports, domain orienta-
tions can now readily be established using long-range
orientational constraints derived from measurements
of RDCs (reviewed in Kay, 2001; Prestegard and
Kishore, 2001; Tolman, 2001). Indeed, the expanding
repertoire of multi-domain protein structures deter-
mined using RDC-NMR is highlighting important dif-
ferences between domain orientations determined in
solution and their solid-state counterparts, presumably
due to the effects of crystal packing forces. Structure
determination of multi-domain proteins under solu-
tion conditions may therefore become an increasingly
important consideration in the future.

Studies of multi-domain protein systems is an
important area of future collaboration between RDC-
NMR and structural genomics. While RDC-NMR can
readily be applied to determine relative domain ori-
entations when having knowledge about the average
backbone fold of individual domains, individual do-
main structures that are typically less susceptible to
crystal packing forces need not come from NMR. In
fact, in the first RDC application of its kind, co-
ordinates from the X-ray structure of a homologous
protein were used in the RDC determination of relative
domain orientations (Fischer et al., 1999). Through
experimental and computational approaches, struc-
tural genomics will expand the number of protein
domain structures whose organization in the con-
text of multi-domain protein needs to be determined.
With knowledge about individual domain structures
in hand, measurement of as few as five indepen-
dent RDCs per domain between readily assignable
backbone nuclei, and preferably in two different or-
dering media (Ramirez and Bax, 1998; Al-Hashimi
et al., 2000) can allow rapid determination of rela-
tive domain orientation. Minimizing requirements for
assigning side chain resonances and their associated
NOEs would also increase the size limit of NMR ap-
plication. Importantly, by exploiting the ramifications
of point group symmetry on order tensor orientations,
RDC-NMR can also be used to determine the relative
orientation of monomeric units in homooligomers in a
manner that circumvents traditional limitations associ-
ated with ambiguous intra- and inter-monomer NOEs
(Drohat et al., 1999; Prestegard et al., 2000; Bew-
ley and Clore, 2000; Al-Hashimi et al., 2001b). This
may also prove useful in solution studies of solubilized
membrane proteins that often have a high propensity
for oligomerization, for which direct field alignment
and RDC measurements have recently been demon-

strated using advantageously bound lanthanide ions
(Veglia and Opella, 2000). Several different types of
ordering media have now been introduced for achiev-
ing partial solute alignment (reviewed in Prestegard
and Kishore, 2001) and some of these may also
be compatible with detergent-solubilized membrane
proteins.

Transverse relaxation optimized spectroscopy
(TROSY) (Pervushin et al., 1997) may allow exten-
sion of the latter RDC applications to biomolecules
with large molecular weights (>100 kDa), thereby
providing constraints on quaternary organizations of
multi-protein or ribonucleoprotein assemblies (Preste-
gard, 1998). TROSY relies on reducing contributions
to transverse relaxation through relaxation interfer-
ence between the same dipolar interactions that gives
rise to RDCs, and chemical shift anisotropy (CSA).
In proteins, TROSY experiments can optimally be ap-
plied to backbone amide nitrogen/proton pairs, and
this TROSY element has been incorporated into many
NMR experiments for measuring RDCs between var-
ious backbone nuclei (for examples see Yang et al.,
1999; Permi and Annila, 2000). Developments in en-
zymatic (Yamazaki et al., 1998) and chemical (Xu
et al., 1999) ligation approaches for segmental label-
ing are also providing new avenues for overcoming
spectral overcrowding in large molecular systems. To-
gether, these developments may allow NMR investi-
gation into the organization of entire protein and/or
nucleic acids sub-units in macromolecular assemblies,
and also shed light on concerted reorientations typi-
cally associated with the function of such macromole-
cules. Having previous knowledge about individual
component structures in the assembly will be impor-
tant for these RDC studies, and structural genomics
may again be an important source for this information
(Chou et al., 2000a).

Because RDCs measured between covalently
bonded nuclei do not provide distance constraints, an
important limitation in many of the above applications
will be the definition of the translational disposition of
molecular components. Such distance constraints may
also be necessary to overcome the orientational de-
generacy that can arise when relying solely on RDCs
measured in single ordering medium. The measure-
ment of well-selected NOEs as well as other distance-
dependent relaxation phenomena will therefore be
important, as will be considerations about the cova-
lent geometry of sites linking molecular components.
However, another important obstacle will also be the



5

ability to attain backbone resonance assignments in
such large and complex molecular systems.

From structure to assignments: A reversal in
trends?

Although structural genomics will determine a large
number of protein structures by X-ray and compara-
tive homology routines, many of these proteins will
nevertheless undergo NMR investigation. Beside the
latter applications involving the determination of com-
ponent structures in the context of physiologically
relevant macromolecules, NMR can also be used to in-
vestigate molecular interactions and dynamics. How-
ever, unlike de novo structure determination, many of
these studies do not require side-chain or even com-
plete backbone resonance assignments. In addition to
RDC studies which can require as little as the assign-
ment of five pairs of backbone nuclei per molecular
fragment, perturbations in backbone amide 15N/1H
chemical shifts, especially for residues clustered at the
protein surface, are primarily used to probe protein
interactions by NMR. Current resonance assignment
strategies based on through bond correlations do not
fully exploit knowledge about a three-dimensional
structure and require 13C labeling (especially for NMR
experiments involving 13C-13C coherence transfers) as
well as acquisition of multiple triple resonance NMR
experiments. Successful acquisition and interpretation
of the latter experiments also defines the size limit
of many NMR applications. Can knowledge about a
molecular structure be exploited to facilitate backbone
resonance assignments?

The anticipated expansion in the number of pro-
tein structures having NMR resonance assignments
should energize the development of computational
approaches for predicting chemical shifts based on
a biomolecular structure (reviewed in Case, 1999).
However, RDCs may also be used in the resonance
assignment step when a priori structural information
is available. Simply put, correctly assigned resonances
and corresponding RDCs should agree with a given
structure, and orientational degeneracies can be re-
duced through acquisition of multiple RDC data in
different ordering media. Recent reports use RDCs
in the resonance assignments (Zweckstetter and Bax,
2001), and in one case, resonance assignment and
structure determination are pursued in concert with
heavy reliance on RDCs and without the requirements
for 13C labeling (Tian et al., 2001). More recently,

it was shown that sequential assignments in an RNA
A-form stem could be achieved by maximizing agree-
ment between RDCs and expected A-form geometry
for two helical stems, using resonances belonging to
Watson-Crick base pairs as a basis set for exploring
all possible commutations (Al-Hashimi et al., 2001a).
Such approaches may allow more rapid resonance as-
signments, reduce requirements for 13C labeling, and
possibly allow applications to be extended to larger
systems.

Rapid determination of RNA tertiary architecture

Although first generation structural genomics projects
are targeting proteins, RNA also exhibits significant
structural and functional diversity, as demonstrated by
the increasing repertoire of RNA structures, both free
and in complex with protein target proteins (reviewed
in Hermann and Patel, 1999; Williamson, 2000). Sec-
ondary structures can readily be predicted for RNA
using various thermodynamic and covariation phylo-
genetic analyses, but unlike for proteins, tertiary inter-
actions in RNA are not numerous and often involve
backbone interactions that are almost impossible to
predict a priori. Tertiary structures are ultimately crit-
ical for understanding RNA function, and expanding
the database of RNA tertiary architectures would facil-
itate future development of computational approaches
for predicting RNA folds in analogy to the progress
made in protein structure prediction. For these rea-
sons, and because of the fundamental importance of
RNA in all aspects of genetic processing, an RNA
structural genomics program may be a worthwhile
endeavor (reviewed in Doudna, 2000). NMR can be
uniquely applied to investigate flexible RNA mole-
cules, which often fail to yield diffracting crystals, or
can be affected by crystal packing forces. Although the
paucity of protons and NOEs in extended nucleic acids
have made application of traditional NOE-based NMR
difficult in the past, this has changed with the advent
of modern NMR methodology and isotopic labeling of
samples (reviewed in Mollova and Pardi, 2000; Zidek
et al., 2001).

From the onset of RDC measurements in biomole-
cules, it was recognized that derivable orientational
constraints could have a tremendous impact on deter-
mining nucleic acid tertiary folds (Prestegard et al.,
1999). Today, applications involving structure deter-
mination of bent and oligomeric DNA structures and
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RNA tertiary folds, both free and in complex with
protein targets, have lived up to these expectations
(reviewed in Zidek et al., 2001; Zhou et al., 1999;
Tolman, 2001). However, even before RDCs made
their impact on nucleic acid structure determination,
the discovery of scalar couplings across hydrogen
bonds replaced previously indirect methods for char-
acterizing these structurally critical interactions with
direct experimental observation (Dingley and Grze-
siek, 1998; Pervushin et al., 1998; reviewed in Ma-
jumdar and Patel, 2001). The measurement of RDCs
and direct detection of hydrogen bonds provide com-
plementary information that can dramatically enhance
the speed of RNA structure determination by NMR.
In particular, core elements of RNA tertiary architec-
ture can often be defined by specifying helical stem
orientations. These secondary structures can readily
be determined using phylogenetic analysis, confirmed
using trans-hydrogen bond NMR spectroscopy, and
modeled using idealized geometries. RDCs can then
be used to rapidly determine relative stem orienta-
tions in either free RNA or protein-RNA complexes
(Mollova et al., 2000; Al-Hashimi et al., 2002),
and this would facilitate subsequent interpretations
of NMR constraints for abounding junctions, loops,
turns, and bulges – motifs that often host critical func-
tional groups. Although 13C, 15N, isotopic labeling is
particularly expensive for nucleic acids, the sensitivity
enhancements awarded by recently introduced cryo-
genic probes may allow for general NMR applications
using only fractionally labeled nucleic acid samples
(Chou et al., 2000b; Phan, 2000).

Annotating structures with functional dynamics

Although a quest for protein function through large-
scale structure determination seems largely justified,
proteins and other biopolymers are not rigid, and
characterizing internal mobility is also important for
understanding function, and for meeting the objec-
tives of structural genomics. The field of ‘functional
dynamics’ is arguably in its infancy, but much has
been learnt to date (reviewed in Kay, 1998; Ishima and
Torchia, 2000). To mention a few examples, two pro-
teins can have almost identical structures but different
affinities towards a target ligand as well as differences
in dynamics; motions can modulate binding affinities
through contributions to molecular entropy. The func-
tionally active biomolecular conformation need not be

the lowest energy ground state, but one or more ex-
cited states accessible through internal fluctuations.
This is the basis for many induced fit interactions,
where biomolecules undergo significant conforma-
tional change upon complex formation. By regulating
access to reaction centers, internal motions can also
affect kinetic rates of biomolecular reactions. It is also
recognized that characterizing internal motions is im-
portant for simulations of protein-protein (Robert and
Janin, 1998) and protein-ligand (Gohlke et al., 2000)
interactions and virtual screening. Especially for ‘un-
structured’ biomolecules that only assume coherent
structures upon complex formation with appropriate
targets, dynamics cannot be neglected (reviewed in
Dyson and Wright, 1998).

Over the last several years, there has been tremen-
dous progress in the NMR characterization of back-
bone and side chain dynamics over a wide range
of timescales. In particular, slow motions that occur
at rates (103–106 s−1) comparable to that of many
fundamental biological processes including catalysis,
allostery and complex formation, have become more
amenable to spectroscopic and atomic characteriza-
tion. The measurement of chemical exchange contri-
butions to relaxation, which can probe slow motions
and particularly their timescales (reviewed in Palmer
et al., 2001), have now been complemented by the
measurement of RDCs, which are sensitive to a wide
range of motional timescales (<ms) and which can
potentially provide information about amplitudes and
directions of motions (Tolman et al., 1997). New
approaches are being devised to simultaneously ex-
tract structural and dynamic information from RDCs
(Tolman et al., 2001), some of which exploit mea-
surements of independent sets of RDCs in different
ordering media (Meiler et al., 2001), while others
make use of comparisons with spin relaxation mea-
surements (Wang et al., 2001). In many cases, collec-
tive motions of molecular fragments, whose structure
is stabilized by local interactions and known a priori,
are explored. Returning to the example of determining
domain orientations in proteins, or relative stem orien-
tations in RNA, the same RDC data can be analyzed to
provide information about inter-domain/stem motions
with almost no additional effort. Structural genomics
and various structure prediction tools will again be an
important source of independent structural informa-
tion, which is required in this case to allow analysis
of RDCs in terms of motions. Nevertheless, there is
also great promise in completely decoupling structural
and dynamic contributions to RDCs without having
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any structural information and through measurements
of RDCs in different ordering media (Meiler et al.,
2001). Such applications will be critical for more in
depth analysis of motions and particularly for enabling
structural and dynamic studies of ‘unstructured’ pro-
teins by NMR (Shortle and Ackerman, 2001).

Although progress in NMR methodology is clearly
allowing for more detailed characterization of the
manifolds of biomolecular dynamics, correlating this
information to function is seldom straightforward.
Functional genomics will increasingly make available
valuable information about binding specificities and
affinities that will greatly aid interpretation of dy-
namics in terms of functional parameters. Structural
genomics will further provide a unique opportunity to
systematically study dynamics in the context of pro-
teins having related structures and functions. Such
a comprehensive approach may be fundamental for
formulating useful dynamic descriptors that relate to
biomolecular function.

A brighter future for NMR and structural
genomics

Regardless of its degree of success, structural ge-
nomics will dramatically change future modes of in-
vestigation in structural biology. Traditionally reduc-
tionist studies are being replaced by a more compre-
hensive and systematic structural biology that appro-
priately reflects the vastness and complexity of cellular
processes. Although the initial stage of this expan-
sion in ‘breadth’ is focusing on structures of individual
protein folds, it will inevitably expand to include
molecular assemblies, membrane, ‘unstructured’ and
post-translationally modified proteins as well as other
biomolecules. Much will also be learnt from the pace
of progress in this first generation structural genomic
effort, which may guide emphasis towards other as-
pects of biomolecules that go beyond structure, and
that include stability, interaction, the chemical envi-
ronment, dynamics, and perhaps new phenomena that
are yet to be discovered. Being a multi-faceted ap-
proach for studying biomolecules that is not limited
by requirements for crystallization, NMR is poised to
make unique contributions to these endeavors. While
we have reviewed how certain NMR applications may
be expanded in the future through new modes of RDC-
NMR investigations that exploit current developments

being made in structural genomics, these and other
NMR approaches may also become critical for struc-
tural genomics to effectively meet its objective of
assigning functions to all gene products.
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