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ABSTRACT

Motivation: In the light of several ongoing structural
genomics projects, faster and more reliable methods
for structure calculation from NMR data are in great
demand. The major bottleneck in the determination of
solution NMR structures is the assignment of NOE peaks
(nuclear Overhauser effect). Due to the high complexity
of the assignment problem, most NOEs cannot be di-
rectly converted into unambiguous inter-proton distance
restraints.

Results: We present version 1.2 of our program ARIA
(Ambiguous Restraints for lterative Assignment) for
automated assignment of NOE data and NMR structure
calculation. We summarize recent progress in correcting
for spin diffusion with a relaxation matrix approach,
representing non-bonded interactions in the force field and
refining final structures in explicit solvent. We also discuss
book-keeping, data exchange with spectra assignment
programs and deposition of the analysed experimental
data to the databases.

Availability: ARIA 1.2 is available from: http://www.
pasteur.fr/recherche/unites/Binfs/aria/

Supplementary information: XML DTDs (for chem-
ical shifts and NOE crosspeaks), Python scripts for
the conversion of various NMR data formats and
the results of example calculations using data from
the S. cerevisiae HRDC domain are available from:
http://www.pasteur.fr/recherche/unites/Binfs/aria/
Contact: linge@pasteur.fr
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Fig. 1. Typical data flow in an NMR structure determination project
using ARIA.
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1997), AUTOSTRUCTURE (Montelionet al., 2000)
and ARIA (Nilges et al., 1997; Linge et al., 2001).
ARIA automatically assigns NOEs in an iterative manner
using the concept of ambiguous distance restraints (for
an overview, see Figure 1). Currently, more than 50
structures deposited in the PDB cite ARIA as refinement
method. Version 1.2 of ARIA has several new features
which we summarize in this article.

SPIN DIFFUSION CORRECTION

To tackle the problem of indirect magnetization pathways,
we implemented a CPU efficient spin diffusion correc-
tion. It relies on a new algorithm to calculate NOE inten-
sities from preliminary structures (Linge, 2001). By com-
paring theoretical and measured NOE intensities, ARIA
estimates target distances for the next iteration of structure

The most time-consuming step in the analysis of NMRcalculation; the calculated NOE intensities serve as a sim-
data and structure calculation is the assignment of NOIple correction factor that allows an easy integration of the
peaks. Manual NOE assignment is tedious due to thelgorithm in the calibration process. The user only has to
large number of possible assignments for each pealspecify spectrometer frequency, rotation correlation time
overlap and artefacts in the spectra. Several programsnd NOE mixing time. The spin diffusion correction per-

for automated NOE assignment have been developedhnits tighter error bounds for the distance restraints. This
CLOUDS (Grishaev and Llias, 2002), CANDID helps to distinct between data and noise in the analysis of

(Herrmannet al., 2002), NOAH (Mumenthalert al.,

violated distance restraints

Bioinformatics 19(2) © Oxford University Press 2003; all rights reserved.

315



J.P.Linge et al.

PARALLHDG 5.3 FORCE FIELD (unambiguous and ambiguous NOE assignments, chemi-

We further improved the PARALLHDG force field (Linge cal shifts) directly to the BMRB without any further mod-
and Nilges, 1999); most notably, we modified the sigedfications. This saves a lot of time for both structural biol-
chain dihedral angles. Test calculations on Interleukin-499iSts and database curators. ,

Crambin and Ubiquitin demonstrated that the force field Ve aré working on a full implementation of the CCPN
dihedral angle term in version 5.3 improves the x2 data-model (Fogtet al., 2002) to further facilitate data

distribution without altering other quality indices like the €*¢hange. The CCPN project will provide more elaborate

Ramachandran map or the packing quality (Liretyel. means to exchange data between different programs and
2003). " for the submission to the databases.
REFINEMENT IN EXPLICIT SOLVENT OUTLOOK

A short molecular dynamics trajectory in a thin layer of Future developments will include statistical means to vali-

explicit solvent (water or DMSO) refines the final structure 92t€ the quality of the assignments and to study internal
ensemble. The employed force field is consistent with thdynamics (similar to theB-factor in X-ray diffraction),
one used for structure calculation and validation. Thusfu!l support of the CCPN data-model and XML DTDs for
there are no systematic differences between the force fief§! €xPerimental NMR data.

and the validation software that could bias the validation
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