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The modelling of the conformation of a biomolecule in solution is based mainly on the internuclear distances deduced from 
measurements of nuclear Overhauser effects (nCle) in NOESY correlation maps. The distances are then used as restraints in the 
energy mimmization procedure, whikh leads to one or several optimized conformations. A general and safe technique for validating 
these structures with respect to the experimental data is here proposed: from the internuclear distances, the relaxation matrix can be 
computed under the assumption of a unique rotational correlation time. By stepwise integration of these relaxation equations, the 
NOESY maps can be accurately reconstructed for any mixing time. Because multi-spin effects are correctly taken into account, any 
difference between the experimental and theoretical maps can be easily interpreted in terms of conformation, and possible 
inconsistencies due to conformational averaging can be pointed out. The technique is illustrated for a bacterial lipopeptide, 
mycosubtilin, the spectrum of which is completely assigned. 

1. Mruduction 

Two-dimensional (2D) NMR has proven to be 
one of the most powerful techniques for determin- 
ing the constitutions, conformations and interac- 
tions of biological macromolecules of medium size 
in solution [l-6]. These determinations rely on 
spin connectivies corresponding to scalar and di- 
polar interactions. The modelling of a conforma- 
tion is generally started using a set of internuclear 
distances deduced from the nuclear Overhauser 
effects (nOe). Some complementary constraints 
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can be provided by converting the 3J coupling 
constants into dihedral angles through a Karplus- 
like relationship. The conversion of an nOe into 
an internuclear distance can be directly achieved 
only for an isolated two-spin system by compari- 
son with a reference: this latter can be provided 
by any two-spin system of known interproton 
distance exhibiting the same motional properties. 
However, for biological molecules, one encounters 
several difficulties with nOe quantitative interpre- 
tation because of multi-spin effects and intramo- 
lecular motions. 

With respect to multi-spin effects [7], restriction 
to short mixing times constitutes a sound preoau- 
tion as long as the strongest noes suffice for 
characterization of the molecular topology. In this 
way, discrimination between quite distinct stereo- 
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regular structures (p-sheets and cu-helices in pro- 
teins, for example) is straightforward [8], even on 
the basis of qualitative data. Indeed, in this case, 
the set of data exhibits a high confidence level: the 
noes are not only strong but also redundant. 
Accordingly, the overall topology of the refined 
structure obtained by optimization can never dif- 
fer in all respects from that of the initial one, 
because optimization algorithms tend to converge 
towards the nearest local minimum. Let us finally 
remark that the main validation for the occurrence 
of stereoregular features in refined structures is 
the great likelihood of the existence of such fea- 
tures, a relatively subjective criterion. 

In peptide studies, long-range noes may be of 
the utmost importance for correctly defining the 
molecular topology. In such cases, where all noes 
are taken into account, one has to tackle the 
problem of spin diffusion, long-range noes being 
detectable only at longer mixing times. As a result 
of the relative positions of the interacting nuclei, 
multi-spin effects can be accurately computed in 
different ways [18], under the assumption of a 
rigid molecule characterized by a unique rota- 
tional correlation time. Refinement of the starting 
model of the conformation relies on minimization 
of the intramolecular energy subject to several 
geometrical constraints (from nOe and/or 3J). In 
the course of the refinement, the conformation is 
modified several times either by the minimizer or 
manually. Among all the spin pairs in a biological 
molecule, only a few will be close enough (d < 
4-5A) to give rise to NOESY cross-peaks, whereas 
no peaks will be observed for the others. Because 
the information content of the set of absent noes 
is quite poor, their omission from the minimi- 
zation is safe: indeed, they could overwhelm the 
less abundant, but more reliable short-range infor- 
mation. However, one has to check the refined 
structure afterwards to ensure that the distances 
corresponding to the omitted pairs are all larger 
than a given threshold, determined by the signal- 
to-noise ratio of the experimental data. 

For this purpose, we find that one of the most 
efficient ways for fitting the conformational and 
spectral parameters relies on comparison of the 
experimental NOESY with a reconstructed 
NOESY map in which noes are computed from 

the spatial arrangement of the interacting spins. 
Using the analytical power of the human eyes, this 
visual correspondence allows a direct evaluation 
of the validity of the model with respect to the 
true conformation and points out possible aberra- 
tions due to causes other than multi-spin effects. 
The technique is illustrated here on mycosubtilin, 
a bacterial lipopeptide under investigation in our 
laboratory, which is small enough to allow a com- 
plete resonance assignment of the peptide part 
and then the complete reconstruction of the 
NOESY map. 

2. Materials and metbods 

Mycosubtilin [9,10], an antifungal lipopeptide 
from Bacillw subtilis, has the following sequence: 
cyclo(Asn-D-Tyr-D-Am-Gin-Pro-D-Ser-Asn-Xaa) 
where Xaa denotes a /3 amino acid carrying a long 
hydrophobic tail. This Iipopeptide was kindly pro- 
vided by Drs F. Peypoux and G. Michel (Univer- 
sity of Lyons I, France) as described elsewhere [9]. 

‘H-NMR measurements were recorded on a 
Bruker AM 300 WB instrument (‘H = 300 MHz). 
NOESY spectra [ll] without randomization of the 
mixing time were recorded with time-proportional 
phase increments (TPPI) in both directions [12]. 
The 256 x 4096 sampled data matrix was then 
Fourier transformed into a 512 X 4096 absorption 
mode map. The spectra were recorded in pyridine- 
d, at low temperature ( - 20 a C) in order to slow 
down the molecular tumbling and thus observe 
sizeable noes. The assignment of mycosubtilin 
‘H-NMR resonances (by means of the well-known 
COSY-NOESY technique) has been previously re- 
ported [lo]. 

For internuclear distance measurements, a series 
of NOESY spectra (with mixing times ranging 
from 40 to 450 ms) were measured, A preliminary 
rough estimate of the interproton distances is de- 
rived from the initial slope of the build-up curve 
and a confidence interval is defined, based mainly 
on the corresponding signal-to-noise ratio of each 
cross-peak. Refinement of the conformation is 
performed using a main-frame computer program 
written for this purpose, described in detail 
elsewhere [13]. The conformation is first optimized . 
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with respect to the spectral parameters (nOe and 
3J couplinga) and with additional semi-empirical 
energy criteria, 

The NOESY map reconstruction is performed 
on a microcomputer, by using the coordinates of 
the structure. The computer used for this study is 
an Olivetti M 24, and MS-DOS machine with 
64OK memory, an 8086 processor and an 8087 
floating-point coprmssor. With the Fortran pro- 
gram based on the theory described below, a 
typical running time is about a few minutes for 
one integration step on a molecule containing 60 
protons. The accuracy of the computed nOe val- 
ues is determined primarily by the accuracy of the 
atomic coordinates given as input (roughly l-2%) 
rather than by truncation errors during the matrix 
multiplication performed on 64-bit real data. 

3. Theory 

In an N-spin system, cross relaxation of the 
longitudinal magnetization proceeds according to 
[ll, 141: 

;M= -RM (1) 

where the vector M comprises the deviation of the 
longitudinal magnetizations Mzlr from thermal 
equilibrium. Assuming purely dipolar relaxation, 
the diagonal terms of the relaxation rate matrix R 
are given by: 

Rji = cpii = KC -? (3J( 0) + J(0) + 6J(20)) 
i#j i #j 54 

(2) 

and the off-diagonal terms by: 

R, = uij = +(6J(2w) - J(0)) (3) 
‘J 

where J(D) (P = 0, w, 2~) denotes the spectral 
density at multiple values of the spin Larmor 
frequencies. 

The main problem in calculating a relaxation 
rate is in essence that of determining the ap- 

propriate spectral density function. This is sim- 
plest when dealing with rigid molecules undergo- 
ing isotropic rotational Brownian motion. Unfor- 
tunately, unless the conformation of the molecule 
is provided independently by other physical meth- 
ods, the information contained in relaxation data 
cannot reveal the possible presence of multiple 
and/or anisotropic motion. 

Only when the rigid isotropic model fails does 
the calculation warrant further complication by 
including either an internal motion [15] or an 
anisotropy of the overall tumbling [16]. The pre- 
sent approach can be easily adapted for rod-like 
molecules (such as moderately long oligonucleo- 
tides) in which the orientation of each internuclear 
vector with respect to the principal axes of the 
molecular diffusion frame [17] is known. 

In contrast, the handling of an internal motion 
is trickier: it requires a secure knowledge not only 
of the motionai characteristics of each spin, but 
also of the correlation between the motions. 
Therefore, the failure of the rigid molecule as- 
sumption will be analyzed later only qualitatively 
in terms of ‘averaged distances’. 

According to Macura and Ernst [ll], the in- 
tegrated intensity of a peak at (&h) in the 
NOESY spectrum depends upon the mixing time 

aijCz~) =C[exp tmRt~)l ikakjCO) 
k 

For sufficiently short mixing time, the matrix ex- 
ponential can be replaced by: 

aij(fm>=C(Sik-Riktm)akj(0) 
k 

or in a matrix form: 

A(t,) = (6 -R&&4(0) (6) 

For longer mixing times, the intensities can be 
obtained in an iterative manner by splitting’ the 
mixing times into sufficiently short intervals: 

A(&++(S-Ri)A(t,) (7) 

Keepers and James [18] have used an alternative 
approach to compute integrated NOESY intensi- 
ties. Instead of the stepwise integration proposed 
here, the relaxation rate matrix, R, whose ele- 
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ments establish the intensities, is diagonal&d 
using a numerical procedure. While this approach 
has proven to be efficient and numerically stable 
on their test runs for three- and four-spin systems, 
our present technique has two major advantages. 
Firstly, it gives a better feeling for the spin-diffu- 
sion paths; and secondly, it is relatively faster: 

The integration technique obviously requires 
the computation of noes at intermediate times 
which enables one to assign the relay involved in 
spin diffusion. This analysis cannot be accom- 
plished using diagonalization for lack of a direct 
assignment of a given eigenvahre to an individual 
spin pair. 

Furthermore, our technique, which does not 
rely on the convergence of a diagonalization pro- 
cedure (whether it is Jacobi’s method or a derived 
one through a tridiagonal matrix), is slightly faster 
for the same yield of information. On an N-spin 
system, a complete build-up curve with M inter- 
mediate values is a workload of about 2 X M X N 3 
individual operations with either technique, but 
the eigenvalues and vectors must be provided first 
for the method of Keepers and James (an ad- 
ditional 6 x iV3 - 20 x N3 operations) [19]. 

In order to compute the nOe intensities, an 
estimate of the rotational correlation time is re- 
quired. For this purpose, one can make use not 
only of the initial build-up rate of the HP-HP’ 
cross-peak but also of the differential time behav- 
ior of their cross-peaks with a third nucleus H”. 
Indeed, because of the short H/3-H/?’ distance, 
this pair can efficiently transfer from H” to H/3 
via HP’ and vice versa, irrespective of the actual 
geometry of the three-spin system. Thus, whatever 
the chosen mixing time, a more marked difference 
between the intensities of H”-H/3 and H”-HP 
peaks is observed over all residues for faster 
molecular motion relative to slower motion. This 
finding prompted us to compare the experimental 
data with several NOESY maps simulated with 
various correlation times, and led us to the conclu- 
sion that 1.6 ns is the best compromise. No signifi- 
cant scattering was detected between the various 
side chains, even though they are more or less 
tightly stabilized by intramolecular hydrogen 
bonds. 

In the computed maps shown in section 4, the 

cross-peaks are depicted as simple circles, with a 
diameter directly proportional to the nOe. Conse- 
quently, one disregards several features which 
could contribute in a very complex manner to the 
shape of the cross-peaks (experimental linewidth, 
multiplet pattern due to 3J couplings, bad digital 
resolution along the wr direction). In the later 
discussion, the computed nOe effects are com- 
pared with the corresponding NOESY intensities 
(but not with the 2D integrals of the cross-peaks) 
under the assumption, almost always satisfied, 
that the other parameters contribute to the line 
shape in a similar manner for all the various 
cross-peaks compared. So far, to minimize com- 
puting time, a more rigorous approach has not 
been implemented to incorporate the lineshape 
contributions: as regards other uncertainties (mo- 
tion, phasing, . _ _ ), the improvement brought about 
could be meaningless for the derived conforma- 
tion. 

4. Results and discussion 

Using the previously reported assignment of ‘H 
resonances in mycosubtiliu [lo], all NOESY 
cross-peaks can be identified. Fig. 1 displays a 
blow-up of the NOESY spectrum recorded at 
- 20 ’ C (mixing time 125 ms). The lowest contour 
level has been intentionally chosen not too close 
to the noise level in order to ensure a comfortable 
level of confidence in each observed cross-peak. 

The choice of mixing time for the derivation of 
distance results from a compromise between two 
opposing sources of error, one arising from the 
nOe quantification, the other from their conver- 
sion into distances. Because the experimental noise 
in a 2D map includes one contribution directly 
proportional to the diagonal peaks ((ti’ noise), the 
cross-peaks should reach a minimum level relative 
to the diagonal: consequently, very short mixing 
times (say < 50 ms) are not suitable. Longer mix- 
ing times provide better estimates of the NOESY 
intensities but one has to tackle the multi-spin 
effects to convert them into distance. 

Fig. 2 shows the simulation of the nOe build-up 
for several spin pairs near D-Tyr 2 as depicted in 
the structure S4 discussed below. Even over this 
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Fig. 1. Experimental NOESY map of mycosubtilin recorded at - 20 o C with 125 ms mixing time (no random variation) displayed in 
the absorption mode. The connectivities between the NH of the backbone and the C”H, CBH are assigned. Except for those in the 
column at o2 = 7.2 ppm (the C,., protons of D-Tyr 2), all unassigned peaks correspond to cross-peaks involving the amide protons of 

the side chains and are not discussed here. 

limited range of mixing times (O-125 ms), the 
curves are highly non-linear. As in any peptide 
residue, the short H/?-HP distance is the keystone 

to the multi-spin effects. First, the Hj3’-Hj3’ curve 
(+) is no longer linear after 50 ms. Concurrently, 
the NH-H/I2 curve (0) bends upward as a conse- 
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Fig. 2. Nuclear Overhauser effect build-up curves for various spin pairs in the surroundings of D-Tyr 2. The right-hand panel depicts 
the data in the left-hand panel on an expanded scale, in order to manage the different magnitudes of the effects. The percentages 
(given below in front of the symbols) indicate the under- (-) or overestimation (+) of the computed nOe effects, if multi-spin effects 
are neglected (initial rate approximation). Intraresidue nOe (o-Tyr 2-D-Tyr 2): (0) NH-Hfi2 (-39L), (0) NH-HP’ (+765&), 
(+) H&r-HP* (+ llO%), (A) NH-Ha ( + 28%), (0) Ha-HP’ (+40%), (M) Ha-HB1 (+ 8%). Interresidue nOe (L-Asn I-D-TYc 2): 

(A) Ha-NH ( + 41%). 

quence of the sharp build-up of NH-HP’ (0). Had 
one disregarded the multi-spin effects, the NH- 
H/3’ would be underestimated by almost 40%. 
This trend becomes more pronounced for longer 
mixing times: however, no additional peak has 
been experimentally observed in these maps (see 
figures in ref. 20). Because of the decay of the 
diagonal peaks and thus of the t, noise, they look 
better, but the distance determination is less accu- 
rate due to spin diffusion. 

The peaks assigned in fig. 1 all involve a back- 
bone NH: they are very important for characteriz- 
ing the local conformation, but are likely to be 
affected by multi-spin effects because of the com- 
pactness of cyclic peptides. Rough initial estimates 
of the shortest distances (< 3.5 A) are obtained by 
quantifying the intensities in this NOESY map. 
One purpose of the iterative process (structure 
optimization and NOESY reconstruction) is to 

check for inconsistencies in the initial distance 
estimates. 

Once the first optimized conformation has been 
obtained, the coordinates of this structure are used 
to compute first the internuclear distances, and 
then the integrated cross-peak intensities. The only 
additional knowledge required for this latter step 
is a reliable value for the correlation time of the 
molecular motion. The search for the best confor- 
mation with respect to NOESY data is thus 
achieved iteratively in the following manner. At 
each step, comparison of the theoretical map with 
the experimental one allows both a qualitative and 
quantitative improvement of the distance data set 
used in the subsequent steps. The previous dis- 
tance estimates are corrected while the number of 
pieces of information can be increased by extend- 
ing to larger distances, i.e., to weaker NOESY 
peaks. 
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Fig. 3. Computed theoretical map corresponding to structure 
S2 (mixing time, 125 ms; correlation time of the molecular 
tumbling chosen as equal to 1.6 ns). The labelled peaks and 

their conformational relevance are discussed in the text. 

This procedure is better illustrated by two 
examples: let us compare the experimental map 
displayed in fig. 1 with two computed ones respec- 
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Fig. 4. Computed theoretical map cm-responding to structure Let us now compare the experimental (fig. 1) 

S4 (see fig. 3) map with those computed for the S2 and S4 

tively shown in figs. 3 and 4. Both correspond to 
an already partially optimized structure after 
several optimization-reconstruction cycles. The 
two structures originate from two runs including 
energetical optimization: S4 is the result of a com- 
pletely restrained optimization (3J and nOe) (fig. 
4), whereas S2 (fig. 3) is obtained by letting dis- 
tance constraints prevail over that of % 

The complete description of the conformation 
of mycosubtilin, which is not the major aim of this 
paper, is reported elsewhere [20]. However, we 
shall discuss here three interesting details of figs. 3 
and 4, as well as their conformational relevance. 

4.1 Conformation of the D-Tyr 2 side chain 

During the following discussion of this local 
feature, one has to bear in mind what information 
has or has not been used in the runs leading to S2 
and S4: the long-range constraints between the 
D-Tyr 2 ring and tbe side chain of D-Serd (see 
below) have been included, but all data involving 
the HP of D-Tyr 2 have been omitted for lack of 
stereospecific assignment. We shall demonstrate 
that two interrelated ambiguities relevant to this 
side chain can be solved at once: the HP assign- 
ments and rotation around the C”-CB bond. 

The two usual ways of interpreting the ‘J Ha- 
H/.3 (10 Hz at S = 3.3 ppm and 4.6 Hz at 8 = 3.7 
ppm) assume either a unique rotamer or the aver- 
age of the three staggered rotamers (Pachler ap- 
proach [21]). Among the six conformers in 60” 
steps, the staggered ones ( - 60,60 and 180 ’ ) are 
more favorable energetically than the others_ At 
first glance, the experimental 3J could fit two 
unfavorable ones (x1 = 0 or - 120 o ) but, regard- 
less of the H/l assignment, disagreements in the 
simulated maps still remain. In the first case (x~ 
= 0 o ), one H/3 is close to the NH of Dhsn 3 but 
neither H/3 exhibits a sizeable connectivity to its 
own NH (as in fig. 1). In the second case, the 
smaller nOe with the NH of D-Tyr 2 corresponds 
to the wrong H/? with the large coupling. As 
expected, these less favorable rotamers with re- 
gard to energy are ruled out on experimental 
grounds. 
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structures (figs. 3 and 4), in which x1 is set to 
60 ‘. The rough agreement of the relative intensi- 
ties of cross-peaks a and a* (a* ) a), in conjunc- 
tion with the 3J values, leads to the following two 
conclusions: the low-field proton is HP2 and the 
predominant rotamer has x1 = 60 ‘. As far as the 
assignment is concerned, this result is in full 
agreement with the work of Kobayashi et al. [22], 
who have studied stereoselectively /3-deuterated 
species of Ac-L-Tyr-NH-Me. 

However, it turns out that a single conforma- 
tion is not able to account for the complete set of 
data (3J and nOe). This is supported by the Pachler 
interpretation of the 3.T, which actually leads to 
only 60-70% occurrence of x1 = 60’ (and 15-20% 
for each of the other two). Using a ratio of 
60 : 20 : 20 weighting, we computed the average of 
the three corresponding simulated maps and com- 
pared the results with the experimental data. Al- 
though S2 and S4 exhibit slightly different back- 
bone conformations, a better fit of the side chain 
noes is obtained in both cases: a disappears and 
furthermore the intensities of b and b* (H/~-D-Tyr 
2-NH-D-Asn 3), above the noise level in fig. 1, are 
reduced by this averaging. 

This first example is clear evidence of the use- 
fulness of NOESY map reconstruction in side 
chain conformational analysis: first, distance in- 
formation involving nearest-neighbour residues re- 
solves the intra-residue ambiguities (mainly 
ascribed to assignment problems); and second, the 
possible occurrence of local internal flexibility can 
be determined by triangulation of the various dis- 
tances. In view of the short H&H/? distance (1.78 
A), a rigorous computation is required, because all 
the pieces of information used for determining the 
molecular topology in fact rely on larger distances, 
estimates of which may be strongly influenced by 
the multi-spin effects. 

4.2. The interaction of the D-Tyr 2 ring with the 
o-Ser 6 side chain 

Due to the small size of the lipopeptide, all ‘H 
resonances (except those of the hydrophobic tail) 
have been assigned and a reasonable conforma- 
tional analysis should provide an explanation for 
each cross-peak present or absent in the experi- 

mental 2D NOESY map. The degree of confi- 
dence in both assigning and quantifying each peak 
will obviously decline as one proceeds from the 
strongest to the weakest peaks. However, the main 
problem in the refinement of a conformation using 
experimental data is basically that of finding a 
suitable relative weight for each piece of informa- 
tion. Unfortunately, this requirement is quite hard 
to meet, since long-range noes may be very im- 
portant clue! in the structure despite their poor 
confidence level. In contrast to sequential noes, 
their reliability cannot be ascertained by the re- 
dundancy of some connectivities. 

For example, the weak cross-peak observed in 
fig. 1 at (01,02) = (4.4, 7.2 ppm), assigned to C&H 
protons of D-Tyr 2 and one HP of D-Ser 6, is the 
only evidence that the structure pinches together 
at D-Tyr 2 and D-Ser 6 to form a,horseshoe shape. 
Reconstructing the S2 map convinces one that 
peak ‘d’ is not an artifact due to multi-spin effects. 
In this map, where most of the data are in agree- 
ment with the experiment, no path via a third spin 
can be found to provide an indirect link between 
D-Tyr 2 and D-Ser 6 side chains. 

In S4, the cross-peak d is below the plot 
threshold because the horseshoe-like conformation 
is somewhat relaxed to obtain a better fit of other 
dist%ce constraints: th! corresponding distance is 
3.2 A instead of 2.9 A in S2. At this point, it 
should be recalled that the diameter of the circle 
in the computed maps is a visual description of 
the nOc effects (without regard to the line width), 
whereas the NOESY cross-peaks, as shown in a 
2D contour plot, reflect intensities but not in- 
tegrals. In fact, the resonances of the tyrosyl ring 
are narrower than others due to a higher mobility, 
which could account for the difference between 
the experimentally detected NOESY cross-peak d 
and the weak computed nOe corresponding to a 
relatively large internuclear distance. The equal 
line width assumption (see section 3) obviously 
fails in this case. 

4.3. The orientation of the L.-Asn 7-p amino acid 8 
amide plane 

Because both NH and C=O may be involved in 
hydrogen bonds, their orientation is of great im- 
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portance in understanding the conformational en- 
ergy. As a matter of fact, each amide plane can be 
tilted by a concerted change of qi and &+ 1 without 
greatly altering the rest of the cyclic peptide fold. 
However, the amide plane orientation can be de- 
termined only indirectly through several probes 
(‘J, d(HP-NH,+i), d(NH,-HP), . . . [8]). Recon- 
struction of the NOESY map is the only com- 
prehensive method for checking all this interre- 
lated information. 

In a cross-section of the 125 ms NOESY map 
taken through the chemical shift of the p amino 
acid 8 NH, no cross-peak stands out from the 
noise between 2 and 6 ppm. One is therefore 
forced to answer the question as to whether a 
conformation can be found, in which this FH has 
no through-space neighbour within 4.5 A. This 
unusual requirement cannot be met fully in either 
S2 or S4, although the amide plane undergoes a 
large rotation on going from S2 to S4. The satis- 
factory fit for the intensity of cross-peak c (as- 
signed to the NH S-Hcu7) in S2 but not in S4 
might prompt us to conclude that the amide plane 
exhibits the correct orientation in S2. However, 
this hasty conclusion has to be re-examined in 
view of peaks e and e* assigned to cormectivities 
with the HP of L-Asn 7 (fig. 3). Here again, all 
spectral outcomes of a given optimized structure 
can be brought to light by the NOESY map 
reconstruction, leading to the definite conclusion 
that S2 does not fit better than S4. 

Careful inspection of the S2 and S4 map pro- 
vides guidelines for further improvement of either 
structure: in view of the intensities of e and e*, 
efforts can be devoted to their reduction by a 
rotation of the L-Asn 7 side chain. If this ends in 
failure, the striking lack of close neighbours for 
NH B amino acid 8 could also be tentatively 
explained by means of an equilibrium between 
two conformations with different orientations of 
the amide plane (one similar to S2, the other 
similar to S4). Indeed, this plane turns out to be 
the only one in mycosubtilin for which all optimi- 
zation runs do not converge towards a topologi- 
tally similar conformation. Molecular dynamics 
simulations performed on globular proteins 
[23, 241 have revealed independently that even in 
wellstructured polypeptide chains, the 180’ flip- 

ping of an amide plane is a likely event (over a 
range of several tens of picoseconds) but will only 
perturb its nearest-neighbour atoms. 

5. Conclusion 

Modelling and refinement of conformations 
from 2D NMR data are based on knowledge of a 
set of internuclear distances, introduced as con- 
straints in an energy optimization. The degree of 
refinement of the final conformation depends on 
the following factors: (i) the accuracy of measur- 
ing the experimental nOe build-up rates, (ii) the 
accuracy of converting noes into interproton dis- 
tances, (iii) the uniqueness of the result of the 
optimization process (local minima). 

In most cases, one obtains a conformation 
satisfying the experimental constraints to a greater 
or lesser extent. We have shown that the best way 
to check the validity of the structure is by simula- 
tion of the corresponding 2D NOESY map. The 
method reported here, which takes into account 
multi-spin effects, provides a description of the 
cross-relaxation rates for a rigid molecule without 
any approximation. Thus, the only limitation is 
the possiblility of internal flexibility, one that is 
obviously shared by all techniques used in confor- 
mational analysis, including molecular dynamics 
methods, ‘which fail to describe slow motions (> 
500 ps) [25]. 

Nevertheless, the comparison of an experimen- 
tal with a computed map is extremely profitable: it 
reveals local details and therefore provides guide- 
lines for further refinement. It also displays all 
inconsistencies in the assignment and provides a 
check afterwards on all interproton distances 
which were not included in previous steps. With 
improved reliability of the cross-peak assignment, 
triangulation techniques allow one to localize more 
flexible parts of the molecule, in which averaged 
distances were in fact measured. 

The present work is the first step in developing 
a general method for 2D NOESY map simulation, 
including secondary features such as 3J couplings 
and line shapes. Our final aim is to build an 
interface between NMR and optimization, in order 
to reduce errors and misinterpretations by making 
the process as objective as possible. 
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