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We are developing AUREMOL1 (www.auremol.de), which goal is the reliable and automatic structure determination of biological macro molecules such as proteins from NMR data.
For a fully automatic sequential NOESY assignment the tool ASSIGN2 has been developed.
The required input consists of a homologous structure for a NOESY spectrum simulation and
the experimental NOESY spectrum. ASSIGN fits the simulated NOE signals to the experimental spectrum. The fit quality given by a probability depends on the line shapes and volumes
of the signals. The assignment is varied by moving or swapping spin system assignments using a Monte Carlo approach. A threshold accepting algorithm (TA3 ) is employed to find the
maximum of accordance.

1 Introduction
For a fully automated sequential NOESY assignment the tool ASSIGN has been developed. The assignment is driven by the comparison of experimental spectra of a protein and
simulated spectra. The simulated spectra are derived from a preliminary structure model.
ASSIGN is part of the AUREMOL NMR software suite.

2 Method
The basic idea is to use preliminary structural information together with the NOESY peaks
to drive the assignment process. Therefore ASSIGN expects additionally to the NOESY
spectra a preliminary structure model of the protein to be solved. Such a model can be
provided for example by homology modelling4. A start assignment can be provided as an
optional input. The first step is the recording and the processing of a NOESY spectrum. In
this spectrum the signals are identified and the corresponding chemical shifts are stored in a
slot list. The second step is to simulate a NOESY spectrum for the structure. Each expected
coupling signal is simulated with a proper line shape and volume. The shifts for the signals
are not calculated. Instead of that shifts are taken from the slot list and randomly assigned
to the simulated signals. If a start assignment is provided as input the shifts are assigned
according to the start assignment. In the third step the resulting simulated spectrum is
compared with the experimental one with respect to line shapes and signal volumes. The
degree of accordance is expressed as a probability. In the following a quenching protocol
is applied to the simulation procedure to improve the agreement of the spectra. A random
perturbation swaps the shifts of two simulated signals and the probability of accordance is
recalculated. If the new parameters lead to an improved agreement with the experimental
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data, they are accepted, otherwise declined. This method is repeated until the agreement
between experiment and simulation cannot be further improved for a defined number of
iterations. As a result a sequential shift chemical assignment is obtained that can explain
the experimental spectra with the final probability of accordance.

Figure 1. Scheme of the ASSIGN algorithm.

The agreement with the experimental data is expressed as probability and calculated
on each test region where an experimental signal is found. Shapes are compared with the
help of the cosinus criterion, volumes are compared directly by summing up the intensities
of the testing regions. With the help of frequency distributions of solutions with random
and partial correct assignments probabilities of line shape and volumes are derived. For
the test region p the Bayesian probability of shape and volume (P SV ) is given as
P SVp =

PpS,ok PpV,ok
PpS,ok PpV,ok + PpS,rnd PpV,rnd

(1)

P S,ok and P V,ok are the probabilities of the partial correct solution and P S,rnd and P V,rnd
are the probabilities of the random solution. The sum over all (Nex ) test regions ESV
(Energy Shape Volume)

ESV =

Nex
X
p=1

is optimized by the TA-algorithm3.

| ln(P SVp )|

(2)

3 Results
In order to evaluate the method, a set of test cases is considered based on the structure
of HPr S. aureus (H15A) that has already been solved by NMR. In case of an ideal data
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set the simulated spectrum is calculated from the known structure and is also used as an
experimental spectrum. Here 450 of 455 shifts (99.3 %) were found correct without any
partial start assignment. In case of a real experimental spectrum of HPr S. aureus (H15A)
from up to 20 % correct start assignments over 90 % to 99 % correct assignments were
found (Fig. 2).

Figure 2. Correct assignments against partial start assignment.

In a third test case only easily obtainable NMR data such as chemical shifts of the
backbone atoms H N and H α is used. In HPr S. aureus (H15A) these are 36.5 % of the
whole assignment. With this start assignment 500 structures were calculated. The 10 best
in respect of energy were taken for further analysis (Fig. 3B). Then ASSIGN was used to
assign the missing shifts of the side chain atoms. 85.2 % of the shifts were correctly found.
The structure bundle calculated from these data is shown in Fig. 3C. A clear improvement
of the structure can be seen easily and the bundle is very similar to the original bundle
(Fig. 3A). Also the AUREMOL NMR R-factor5 (0.589 → 0.328), the RMSD (0.151 nm
→ 0.015 nm) and the Ramachandran6 values are improved.

Figure 3. (A) Original structure, (B) structure calculated from bb-atoms, (C) ASSIGN improved structure of HPr
S. aureus (H15A).

In the last test case the sequential assignment of the mutant HPr S. aureus (H15A)
should be found with help of the solved structure of HPr S. aureus (wt). In this example
79.8 % of the assignments were already given (Fig. 4B). ASSIGN finds 96.7 % of the
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correct assignments, which leads to the structure seen in Fig 4C. Again quality values
such as AUREMOL R-factor (0.384 → 0.356), RMSD (0.046 nm → 0.027 nm) and the
Ramachandran are improved.

Figure 4. (A) Original structure, (B) structure calculated from the sequential assignment from the wt, (C) ASSIGN improved structure of HPr S. aureus (H15A).

For NMR structure improvement by X-ray data please see the ISIC algorithm7.
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