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Summary

A computer program (‘BBReader’) was developed which performs an inverse search in the BioMagRes-
Bank database. Given (cross) peak positions of a protein, the program searches for atoms with matching
chemical shifts and suggests possible assignments for user-specified homo- and heteronuclear one- to
three-dimensional COSY- and NOESY-type experiments. It can handle 1H, 13C and 15N spectra. Distance
information from PDB files can be utilized for filtering possible NOESY cross peak assignments.

In recent years, a huge amount of spectroscopic and
structural data on proteins have been published. In order
to facilitate the access to these data, several databases
have been established. Most important for structural and
NMR spectroscopic work are the PDB database (Bern-
stein et al., 1977; Abola et al., 1987) for protein structures
and the BioMagRes databank (Seavey et al., 1991) for
protein NMR data.

The data in each entry of the BioMagResBank are
indexed by residue number and atom type. During work
on a protein for which the NMR assignments are already
known, such as interaction or folding studies, one needs
a possibility for an inverse search – given the chemical
shift(s) of a (cross) peak, one wants to find the correspon-
ding atoms. We have developed an automated routine for
accessing the information in the BioMagResBank in this
way.

The program BBReader is designed for quick access to
the assignment of protein resonances from peak positions
in multidimensional spectra using preselected entries from
BioMagResBank and PDB files. (The latter ones must
contain the proton positions. Many modelling programs
allow for automatic addition of protons to a PDB file.)
BBReader basically searches through previously down-

loaded entries of the BioMagResBank to match chemical
shifts. For cross peaks of 2D and 3D spectra, additional
checks are performed in order to determine whether a
cross peak between the identified atoms is spectroscopi-
cally possible. In the case of COSY spectra, they must
show scalar coupling; in the case of NOESY spectra, their
distance must be within certain limits. The distances are
calculated from a PDB file (if available).

Since the matches are not exact, a score is calculated
to evaluate the quality of each hit. The score is based on
the sum of squared deviations of the chemical shifts from
the input, and on the internuclear distance(s) if a PDB
file was used. All possible combinations (within a prede-
fined range of shifts) are checked, and a hit list, ranked
by the score, is printed.

The program can handle several spectrum types (1D,
2D and 3D spectra with any combination of 1H, 13C and
15N; see Figs. 1 and 2 for examples) and user-imposed
restrictions. Coherence transfer between 1H and hetero-
nuclei as well as between heteronuclei is assumed to be of
COSY type, i.e. to be based on scalar coupling; for a
coherence transfer between two proton dimensions, a
choice between COSY type (scalar coupling) and NOESY
type (dipolar coupling) is possible.
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For NOESY-type spectra the use of 3D structural

Fig. 1. Sample session for a NOESY spectrum of hen egg-white lysozyme (assignment of Redfield and Dobson, 1988). User input is printed in
bold letters. Note that diastereotopic protons are combined into groups and that the distance information is labelled accordingly.

information is possible. The PDB file is used to select
cross peaks between protons that are too far away from
each other in the 3D structure to give a NOESY cross
peak. If no PDB file is given, the program will output all
cross peaks that seem possible according to the chemical

shifts. Two modes of operation are possible: in the first
mode the user inputs one chemical shift per dimension
and BBReader looks for those cross peaks that come
closest to the input. These will be printed in an ordered
way along with the score. The second mode allows the
input of a chemical shift range for each dimension (and
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a distance threshold, if a PDB file is specified) and will

Fig. 2. Sample session for a 3D HCN spectrum of ribonuclease H from Escherichia coli (assignment of Yamazaki et al., 1991), demonstrating the
simplifications for users by the introduction of command-line arguments. User input is printed in bold letters.

print all (possible) cross peaks that fall within this range
(in all dimensions simultaneously). Along with the output
of a potential NOESY cross peak, distance information
will be given; along with COSY-type cross peaks all non-
vicinal couplings between protons will be labelled. (Allylic
couplings are only available between protons in aromatic
systems.)

Diastereotopic protons are given special treatment,
because the stereospecific assignment is not known in the
majority of cases. They are combined into a group, which
is indicated in the output (see Fig. 1). The closest distance
in the PDB structure between any proton belonging to a
group and its potential NOE partner (which can be a
single atom as well as another group) will be given in the
NOESY mode and this will also be marked clearly in the
output (Fig. 1). Isochronous nuclei like Hδ1/Hδ2 and Cδ1/
Cδ2 in phenylalanine and tyrosine are treated in a similar

way as diastereotopic protons, as are methyl groups.
Currently the program is limited to the 20 ‘classical’

L-amino acids, but it is written in such a way that it can
be easily extended. It can work with BioMagRes files in
the STAR flat-file format (Hall, 1991; Hall and Spadacci-
ni, 1994; Hall and Cook, 1995), as can be obtained from
the WWW site (http://www.bmrb.wisc.edu), and with
PDB files in the current format available also via WWW
(http://www.pdb.bnl.gov).

The program is written in C and is designed to run
under UNIX operating systems; it does not provide any
graphical user interface. The source code and the man-
ual can be obtained from the BioMagResBank server
(http://www.bmrb.wisc.edu/bbreader/BBReader.html). We
have tested the program on several SGI workstations
running under IRIX5.3 and 6.01 and on an HP9000/735.
BBReader is copyrighted, but freely available; more de-
tails are given in the manual.
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