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Abstract

Assignment of NMR spectra is a prerequisite for structure determination of proteins using NMR. The time spent on
the assignment is comparatively long compared to that spent on other parts in the protein structure determination
process, but it can be shortened by using either interactive or fully automated computer programs. To benefit from
the advantages of both types of program we have developed a version of the interactive assignment program AN-
SIG to include automatized, yet user-supervised, routines. The new program includes tools for (i) semiautomatic
sequential assignment, (ii) plotting of distances from PDB structure files directly in NMR spectra and (iii) statistical
analysis of distance restraint violations with the possibility to directly zoom to violated NOEs in NOESY spectra.

AbbreviationsINOE, nuclear Overhauser enhancement; API, application programming interface; GUI, graphical
user interface; HSQC, heteronuclear single quantum coherence; NOESY, NOE spectroscopy; FTP, file transfer
protocol.

Introduction lack effective routines for computer assistance during
the assignment process. The programs in the second
Correct sequence-specific assignments of NMR reso-set, e.g. AUTOASSIGN (Zimmerman et al., 1994),
nances are crucial for determining protein structures GARANT (Bartels, 1997) and ARIA (Nilges et al.,
using NMR. Different computer programs are avail- 1997), are fast but do not utilize the expertise of the
able to assist the NMR spectroscopist during assign- user. Hence they might provide erroneous assignments
ment of spectra. The programs can roughly be divided and assignments made are often difficult to validate
into two sets, one set of programs for graphical display without retracing data manually, for instance using a
of spectra with databases to keep track of assignmentsprogram within the first set.
and another set of programs for automatic assignment  To speed up the assignment process and to utilize
of resonances and/or NOEs. Both sets of programsthe expertise of the user we have chosen to develop
have drawbacks. The programs in the first set, e.g. one of the available assignment programs in the first
ANSIG (Kraulis, 1989; Kraulis et al., 1994), Pronto set, ANSIG, into an interactive yet semi-automated
(Kjaer et al., 1994), XEASY (Bartels, 1995), NM- assignment tool. We have identified three tasks for
RView (Johnson and Blevins, 1994), PIPP (Garrett which computer assistance is of considerable value to
et al.,, 1991) and AURELIA (Neidig et al., 1995), speed up the assignment process. These are sequen-
tial assignment of resonances, assignment of NOEs

* - il _ . . .
To whom correspondence should be addressed. E-mail: tor when a low-resolution structure is available and ex-

leif.hard@biochem.kth.se



330

amination of violated NOEs following initial structure  Computer assisted assignment
calculations. The goal was to obtain an easy-to-use Sequential assignment of protein NMR spectra
interactive program, which will assist the user during (Wuthrich, 1986; Roberts, 1993; Cavanagh et al.,
time-consuming routine tasks. 1996; and work cited therein) is one of the more time-
In this paper a version of ANSIG running on PCs consuming parts of a protein structure determination
under Windows is presented. This version of the pro- using NMR. Comparing cross peaks from different
gram, ‘Ansig for Windows’, includes novel features residues in 3D spectra to find sequential connectivi-
for computer assisted sequential assignment, plotting ties involves searching for matching chemical shifts.
of distances from PDB structure files directly in NMR  This process would be faster if a computer program
spectra, and reading CNS (Briinger et al., 1998) and performed the search.
X-PLOR (Bringer, 1992) output files in order to A set of tools to aid the user during the sequen-
directly visualize violated NOEs. tial assignment is implemented in Ansig for Win-
dows. The suggested procedure is divided into four
steps as presented in Figure 1. A special tool has
Methods been constructed for each step in the procedure. The
tools are started from the menu bar and take the
ANSIG was adapted to the Windows operating sys- form of dialog boxes. The prerequisites are*ta-
tem using a Fortran compiler from Lahey software 1N HSQC spectrum and sequential spectra such as
solutions. Fortran 77 code from ANSIG (version 3.3), HNCA, HN(CO)CA, CBCANH and CBCA(CO)NH.
except the code for the graphics interface and system(The reader is referred to Cavanagh et al. (1996) and
calls, was reused. The graphics interface was rewritten related texts for description of information content
using OpenGL and the Windows API. System-specific of various NMR experiments.) Cross peaks must be
operations were re-coded to make the file formats in identified and marked (so-called peak-picking) in all
Ansig for Windows compatible with earlier versions of  spectra, either manually or with other software, e.g.
ANSIG. New features were coded in Fortran 95, with  AZARA (http://www.bio.cam.ac.uk/azara/), prior to
calls to the Windows API for full GUI support. All  the first step in the assignment procedure.
new features are based on the data structures within ~ The first step in the assignment procedure is to
ANSIG; no new file formats have been introduced.  assign temporary residue identifiers to all peaks in
a 1H-15N HSQC. The suggested setup in Ansig for
Windows is a spectrum window showing the-°N

Results and discussion HSQC together with the ‘HSQC’ dialog box. The pro-
gram automatically identifies all non-assigned cross
Basic features of ANSIG peaks and presents them to the user. Tools are available

The ANSIG program is a graphical tool for display to look at cross peaks and to assign unique temporary
and annotation of 2D, 3D and/or 4D homo- or het- residue identifiers to them. The identifier has the form
eronuclear NMR spectra. It was designed to allow the xN, where N is a number.

spectroscopist to inspect and assign the spectra in an  In the second step the information gained from the
interactive fashion. It has the ability to display sev- 1H-1N HSQC is used to find cross peaks belong-
eral spectra simultaneously, either overlaid in different ing to temporary residues in 3D spectra containing
views (projections) or in different windows on the sequential information such as HNCA, HN(CO)CA,
screen. The graphics interface allows for rapid zoom- CBCANH and CBCA(CO)NH. Thegygested setup
ing and moving of displayed regions. The user makes in Ansig for Windows during this step is to use two
new assignments interactively and these are stored inspectrum windows, one showing the-13C plane of

a database consisting of a single file in a custom for- the 3D spectrum and the other thie-1°N planes of
mat. It is possible to configure the program so that the the 3D spectrum and tH#l-1°N HSQC, together with
spectra are displayed in a specified set of views, andthe ‘3D HSQC type’ dialog box (Figure 2). The pro-

a user-defined set of macros (groups of commands) gram assists the user in the search for cross peaks with
is available. There is a computer language embeddedamide proton and nitrogen shifts which match the tem-
in the ANSIG program (the AL language) which pro- porary residues assigned in the first step. The result
vides access to nearly all features within the program of the search is presented to the user and tools for
and allows implementation of powerful procedures.  zooming to, and marking of, found cross peaks are
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Figure 1. Diagram showing the sequential assignment procedure in Ansig for Windows. The boxes represent the different steps involved and
correspond to a tool in the program. Arrows on the left side represent input and arrows on the right side represent output.

available. Before the found cross peaks are assigned In the fourth step temporary sequences are attached
to the temporary residue the user must indicate which to the protein amino acid sequence. The first part
nucleus the cross peak belongs to and also specify if of this step is to identify the amino acid side-chain
the cross peak belongs to the same or previous residueypes of the temporary residues, which is done based
in the protein sequence in the third spectral dimension. on carbon chemical shifts from C(CO)NH-TOCSY
In the third step of the sequential assignment, tem- (Grzesiek et al., 1993). The second part is to search the
porary residues are assigned to temporary sequencesamino acid sequence for sites matching the temporary
In this step the sequential information obtained in the sequences. The tools to use for this step are included
previous step is used. The tools are available in the in the ‘Sequence editor’ dialog box. All temporary
‘Sequential’ dialog box (Figure 3). From a temporary sequences are presented to the user together with in-
residue given by the user a forward or backward search formation on proposed side chains. Identification is
in the sequence can be done. The result is presentechased on Gaussian functions constructed for every
to the user together with statistics over which spectra specific nucleus using information on average chem-
were used, how many chemical shift matches were ical shifts and standard deviations (Kraulis, 1994)
found and how found residues fit into other tempo- taken from the ANSIG dictionary file. All functions
rary sequence elements. Strips showing the contours,are normalized and the score for a nucleus with a cer-
cross peak and assignment of the used cross peaks ar&ain chemical shift is calculated as the height of the
presented in an interactive window (Figure 3), which curve at that chemical shift. Given a temporary residue
can be translated and zoomed. This window is used all side chains (including § having at least as many
to qualitatively judge the proposed sequential assign- different carbon nuclei as the temporary residue and
ments. When assignment to a temporary sequence isfor which the scores for all nuclei are higher than a
done, the program updates the database for all crossthreshold value, are considered potential side chains.
peaks assigned to the temporary residues involved. A tool to graphically show cross peaks used for side-
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Figure 2. A typical arrangement of windows for assignment of sequential 3D spectra in the second step of the assignment procedure. The upper
left window is the dialog box containing the tools for the assignment of 3D spectra. The upper right window is a spectrum window showing
the contours of the CBCA(CO)NH spectrum in3C-LH plane. The lower right window is a spectrum window showingthel>N HSQC

spectrum together with cross peaks from the CBCA(CO)NH spectrum. The bottom window is the Ansig for Windows menu. The result of

a search for cross peaks in the CBCA(CO)NH spectrum belonging to the temporary residue x107 is shown. Dashed rulers in both spectrum
windows mark one of the found cross peaks, CP226. The lower spectrum window is used to confirm that the cross peak belongs to x107 and
the upper spectrum window is used to confirm that the cross peak does not belong to a spurious peak.

chain identification is available to verify the automatic tances from PDB structure files directly in NOESY

assignment. spectra, thus making it easier to visualize potential
Following side-chain identification the protein se- NOE assignments.

guence is searched for sites matching the temporary = When PDB files are loaded, the tool for showing

sequence. Matching sites are color coded and pre-distances can be invoked. This tool gives the user the

sented in the protein sequence together with already ability to specify which residues and nuclei should

assigned residues. When assignment is performed thebe included in the distance calculations, which spec-

program updates the cross-peak database. tra chemical shift information should be taken from,
which structures distance information should be ex-
Presentation of distances in spectra tracted from, and the maximum distance which should

Assigning NOEs in NOESY spectra is often a rela- be included. Distance information is then plotted in
tively slow process. Our experience is that a prelimi- all *H-H planes currently available (Figure 4). Dis-
nary structure with a correct fold usually is available tances are presented as circles with a radius which is
early in the assignment process. This structure can berelated to the distance — the shorter the distance the
used to verify NOEs which cannot be unambiguously larger the radius (radius- A — Bxdistance). The
assigned based on chemical shiftinformation. We have circles are labeled with the assignment and distance,
developed tools in Ansig for Windows to show dis- including a standard deviation if more than one struc-
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Figure 3. Windows used in the sequential assignment. (A) The sequential assignment dialog box containing the tools for the sequential
assignment of temporary residues into temporary sequences. (B) The strip window obtained by choosing the ‘Show Graphics’ button in the
dialog box in (A).

ture was used. In the case of non-stereospecifically tially due to badly converged structures. Extracting
assigned prochiral pairs, the shortest distance is calcu-this information from the violation lists requires some
lated and displayed. Distances for protons not assignedeffort.
or partially assigned are presented in a list for further We have implemented functions in Ansig for Win-
analysis. dows to directly extract violations from CNS or X-
PLOR output files to make it easier to find the desired
Reading violations from CNS and X-PLOR out-files  information. The program adds violations cumula-
Following structure calculations, information about tively to a list so that one single violation never occurs
violated restraints is available for each structure. This more than once, but statistics based on all occurrences
information is important to locate erroneous NOE are shown instead. The displayed information includes
assignments. Violations turning up in many struc- involved nuclei, number of structures containing the
tures are potential erroneous assignments. Violations violation, average energy, maximum energy, restraint
just turning up in one or a few structures are poten- distance, average distance in structures, the average
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Figure 4. A spectrum window showing the®HH® region of a 2D homonuclear NOESY spectrum in which distances calculated from a PDB
structure file are illustrated as circles. Both distance circles and cross peaks are labeled with their assignments. The radii of the distance circles
are related to the distances as described in the text. Distance information is included in the labels.

deviation from the restraint distance and the maximum and zooming to cross peaks. Ansig for Windows also

deviation from the restraint distance. The user can thenincludes options for turning off parts of the graphics

easily zoom to a violation in a NOESY spectrum by during translation and zooming, which speeds up the

selecting it from a list. graphics on computers with slow processors and/or
graphics cards.

Other features in the program

Ansig for Windows includes other features not avail- Testing

able in earlier versions of ANSIG. Some examples Ansig for Windows has been tested with complete sets

are printing of spectrum windows and searching for of data files originating from ANSIG version 3.3 used
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in our laboratory. All files were transferred directly option to use manual assignment methods when these
to the PC using FTP and did, after adjustment of file are preferred.

paths in control, spectrum and initiation files, work The function for showing distances graphically
without any other alterations. The program then looks will decrease the time spent on assigning NOEs by in-
and behaves as earlier versions of ANSIG. Sequential dicating potential new assignments in two ways. First
assignment procedures, plotting of distances and func-the lists of pairs of closely spaced nuclei found in PDB
tions for reading and displaying violations were tested structure files, but for which complete chemical shift
on different ongoing projects. The program is cur- information is notavailable, give the user anindication
rently being used in our laboratory for the assignment on where to look for new assignments. Second, the

of several new proteins. function will help the user to assign NOEs including
nuclei with almost identical chemical shifts.
Computer requirements and performance The ability to use Ansig for Windows to quickly

The recommended computer configuration for Ansig browse through violations extracted from output files

for Windows is at least a 400 MHz Pentium Il CPU, has been much appreciated by the test users. The func-

128 MB of RAM and a graphics card with full sup- tion dramatically reduces time spent on cross-peak

port for OpenGL (e.g. NVIDIA TNT2). Ansig for  validation and thus allows the user to proceed quickly

Windows has been tested under Windows 98 and Win- and efficiently to obtain final refined structures.

dows NT but should also run under Windows 95 and We believe that interactive, but semiautomatic,

Windows 2000. On a computer with the above con- analysis of NMR spectra is going to be the solution

figuration Ansig for Windows updates the graphics to the time-consuming assignment bottleneck in bio-

approximately at the same rate as ANSIG on a Silicon molecular NMR assignment. The method combines

Graphics 02 (200 MHz). With an even faster graphics the expertise of the user with the capability of the com-

card (e.g. NVIDIA GeForce) and a faster CPU (e.g. puter to quickly search through large amounts of data;

Pentium Ill, 600 MHz), Ansig for Windows runs much ~ making it faster than traditional assignment and more

faster on a PC than on a Silicon Graphics O2. rigorous than fully automated assignment. We believe
Ansig for Windows to be a step in this direction.

Availability

Information on how to obtain Ansig for Windows is

available on http://www.csb.ki.se/nmr/AFW.html. An-  Acknowledgements

sig for Windows is distributed together with the source

code under a GNU license (see http://www.gnu.org/co- The authors wish to thank Esmeralda Woestenenk and

pyleft/gpl.html for more information on the license).  Magnus Wolf-Watz for providing spectra and ANSIG
set-ups and for valuable comments on the program.
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