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Fuscopeptins are phytotoxic amphiphilic lipodepsipeptides containing 19 amino acid residues. They are produced

by the plant pathogenic bacterium Pseudomonas fuscovaginae in two forms, A and B, which differ only in the

number of methylene groups in the fatty acid chain. Their covalent structure and biological properties have been

reported previously. CD and NMR spectroscopy investigations in solution revealed the absence of identifiable

elements of secondary and tertiary structure for these molecules. Fuscopeptin B appears to be completely

unstructured in aqueous solution, and has a large molecular flexibility. A dramatic conformational change was

observed upon addition of trifluoroethanol. This study reports the complete interpretation of the two-dimensional

NMR spectra and the NOE results obtained for fuscopeptin B in water/trifluoroethanol solutions; the signals

relative to the peptidic moiety are identical to those observed for fuscopeptin A. The results of this investigation

were used to determine the solution structure of fuscopeptin B by computer simulations applying distance

geometry and simulated annealing procedures. In water/trifluoroethanol solutions the peptidic region appears to

have a partly helical structure. The lactonic ring assumes defined conformations very similar to those already

reported for other lipodepsipeptides. The structure for fuscopeptin B in solution is also valid for fuscopeptin A

because of the negligible structural difference between the two metabolites.
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Many plant pathogenic pseudomonads synthesize in culture two
groups of lipodepsipeptides that differ from each other in the
size of the peptide moiety and the nature of the amino acid
residues as well as in the lipid moiety [1]. Similarly, the
recently investigated Pseudomonas fuscovaginae, a pathogen
of rice and other graminae, produces the `small' syringotoxin
[2], an already known nonapeptide, and the `large' fuscopeptins
A and B (fuscopeptins), new 19 amino-acid-containing peptides
[3]. The covalent structure of the fuscopeptins are shown in
Fig. 1. They share many structural and biological features with
tolaasin [4], syringopeptins [5] and corpeptins [1], `large'
lipodepsipeptides isolated from other pseudomonads. A com-
parison of their structures is made in Table 1.

The three-dimensional molecular characterization of one
syringopeptin (SP-25A) has been completed recently with
determination of the solution conformation in solution by NMR
spectroscopy and computer simulations applying distance
geometry and molecular dynamics procedures [6]. Here the
same approach has been used for determining the solution
conformation of fuscopeptin B, the results reported include the

complete interpretation of two-dimensional NMR spectra in
different concentrations of aqueous trifluoroethanol; the
experimentally observed NOEs have been integrated and used
as restraints in the molecular simulations. These results are
valid also for fuscopeptin A which differs from fuscopeptin B
only in having two fewer methylene groups in the fatty acid
chain, as shown in Fig. 1. Finally, similarities and differences
of the solution structures found for fuscopeptin B and for some
of the previously examined lipodepsipeptides are discussed.

M A T E R I A L S A N D M E T H O D S

Preparation and purification of fuscopeptins

P. fuscovaginae strain UPB264 was used throughout. Growth
of the organism, extraction of cultures and fractionation of the
bioactive metabolites were performed by reverse-phase HPLC
as reported previously [2,3].

CD

The spectropolarimeter and the experimental conditions were
the same as those used previously [6].

NMR spectroscopy

The 1H-NMR spectra of samples (approximately 0.8 mg´mL21)
were run at a temperature of 27 8C on a Bruker AMX600
instrument operating at 600.14 MHz. They were performed in
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water and in aqueous deuterated 2,2,2-trifluoroethanol (50 and
80% trifluoroethanol; v/v). Some spectra were also performed
at a concentration of 0.4 mg´mL21 to exclude concentration
effects due to peptide aggregation. Two-dimensional TOCSY
and ROESY experiments were performed by the pulse
sequences [7±9] in phase sensitive modality [10]. FIDs were
collected over 1 K of memory for 512 increments. After a
resolution enhancement with a sine bell function shifted by p/3,
a zero filling was introduced to obtain a 1 K � 1 K real matrix.
In the ROESY spectra a spinlock mixing time of 0.080 s was
applied. In TOCSY experiments using a MLEV-17 spinlock
sequence [11] a mixing time of 0.1 s was applied to obtain
remote scalar connectivities. In all cases a relaxation delay of
2.0 s before the pulse sequence was applied.

Computer simulations

Distance geometry-simulated annealing procedure (DG-SA).
DG-SA energy minimization and the subsequent analysis of the
structures were performed by the program xplor version 3.1
[12]. The calculations were based on the hybrid DG-SA
protocol [13±15], using the force field included in xplor for
DG-SA calculations. Further refinements were performed with
the charmm empirical energy function [16,17]. Interproton
distance restraints were estimated from two-dimensional
NOESY spectra. All NOEs were classified into three groups
as strong, medium or weak and given upper limits rij = 0.32,
0.40 and 0.50 nm, respectively [18], according to previous
calculations on other lipodepsipeptides [6,19,20]. When
possible, stereospecific assignments of prochiral methylene
protons or methyl groups were made. This was accomplished
removing distance constraints for prochiral hydrogens or
groups, running distance geometry to produce a set of structures
and using NOE information to select one proton, or methyl
group, rather than the other. When all NOEs always favoured
the same stereospecific assignment, the assignment was
considered to be valid. Otherwise the pseudoatom repre-
sentation was used and an additional distance term of
0.05 nm was added to the upper distance bounds. To simulate
the water/trifluoroethanol mixture solvent, the dielectric
constant : was set to a value of 10. The peptidic torsion angles
were restrained in the trans conformation by adding a proper
dihedral potential. A restraining potential for the x angle of the

two 2,3-dehydro-2-aminobutanoic (Dhb) residues was included
to maintain the Z conformation.

According to the procedure proposed by Nilges et al. [15]
and to previous calculations performed on related lipodepsi-
peptides [6,19,20], we used 100 cycles of Powell minimization
[21] of van der Waals', bond and NOE terms and 100
subsequent cycles of the bond angle terms to improve the
covalent geometry of the embedded structures. They were
followed by a molecular dynamics simulation stage, starting at
a temperature of 2000 K, to introduce the chirality and
planarity. The correct chirality of the structure was established
on the basis of the lowest energy of the embedded structures.
The subsequent stage was the cooling of the structures to a final
temperature of 100 K with increased van der Waals' terms.
Finally, 200 steps of Powell minimization of the structures were
performed. The structures obtained were then refined by a
further simulated annealing stage consisting of 1000 steps of
molecular dynamics calculation at 2000 K and then of 1000
cooling steps to a final temperature of 100 K. The van der
Waals' interactions were softened to enable atoms to move
through each other. The structures obtained were then subjected
to 100 cycles of energy minimization using the conjugated
gradients of the Powell algorithm. The criteria of acceptance
adopted for the generated conformations were: deviation of the
actual distance, rij, from the experimental upper distance, rij

+,
determined by the NOE intensity, rij , rij

+ + 0.05 nm; rms
difference for the covalent bond deviations from ideality
, 0.001 nm; rms difference for bond angle deviations from
ideality , 28.

R E S U L T S

As in other structural studies of peptides and proteins
bidimensional NMR experiments gave a number of experi-
mentally determined interproton distance (NOEs) for use as
constraints in computer simulation. The intrinsically high
internal mobility of fuscopeptins causes problems in the
computational procedure of molecular simulation. The simula-
tion of these phytotoxic lipodepsipeptides from NMR data is
complicated further by: the presence of side-chain modified
amino acids; the presence of a hydrophobic fatty acid chain;
alternation of chirality along the sequence; and by the
conformational complication caused by the lactonic ring

Fig. 1. Chemical structure of fuscopeptins A and B. The lactone closure is between the C-terminal residue and the allo-Thr residue.

Table 1. Comparison of the amino acid moiety of pseudomonad peptins. In all of the compounds listed the lactone closure is between the C-terminal

residue and the allo-T residue. Identical or closely related residues are in bold. References are indicated in the last column in brackets. FA, fatty acid.

Fuscopeptins FA Dhb P L A A A A V ± ± ± G A V A V Dhb allo-T ± ± ± A A2bu A2bu F [3]

Corpeptins FA Dhb P A A A V V Dhb Hse V allo-I Dhb A A A V Dhb allo-T ± ± ± A A2bu S I [1]

Syringopeptin 25A FA Dhb P V A A V L A A Dhb V Dhb A V A A Dhb allo-T S A V A A2bu A2bu Y [5]

Syringopeptin 22A FA Dhb P V V A A V V ± ± ± Dhb A V A A Dhb allo-T S A Dhb A A2bu A2bu Y [5]

Syringopeptin FA Dhb P V L A A L V ± ± ± Dhb A V A A Dhb allo-T S A Dhb A A2bu A2bu Y [27]

sugar cane

Tolaasin FA Dhb P S L V S L V V Q L V ± ± ± ± Dhb allo-T ± ± ± I Hse A2bu K [4]



486 S. BareÂ et al. (Eur. J. Biochem. 266) q FEBS 1999

closure. Many of these structural elements are surprisingly well
conserved (Table 1). Detailed knowledge of the relationship
between the bioactive properties and the conformational
similarity in the solution structure of various lipodepsipeptides
awaits further elucidation. In addition, the influence of all the
above mentioned structural elements on the solution confor-
mation of this class of compounds is has not been elucidated
completely.

NMR spectroscopy

The structure of fuscopeptins described previously by Ballio
et al. [3] and reported in Fig. 1 was corroborated by more
accurate NMR spectroscopic measurements. For the identical
peptide moiety of the two fuscopeptins (they only differ from
each other for the length of the 3-hydroxyacyl moiety) the
conformational study was limited to the major component B.
The NMR spectrum of fuscopeptin B in aqueous solution was
characteristic of a peptide with a completely unstructured
conformation. The spectrum resulted, in practice, from the sum
of the resonances due to constituent amino acids devoid of the
dispersion usually produced by elements of secondary and/or
tertiary structure. These results were in perfect agreement with
CD spectra of fuscopeptin B in water (Fig. 2) which lacks
recognizable elements of secondary structure. Addition of
trifluoroethanol, which mimicks a membrane-like environment,
induced a conformational change suggesting an increased level
of helical folding. Therefore, the two-dimensional NMR
spectroscopy experiments were performed in aqueous TFE
solutions with 50 and 80% trifluoroethanol, respectively. In
these conditions, all of the resonances were dispersed and the
spectral assignments were made easier; in particular TOCSY
spectra gave the correlations of the amino acid residues leading
to a clear identification of the spin systems.

In detail, the seven Ala, the three Val, the Gly and the Thr
residues have been assigned due to their well recognizable spin
systems and the characteristic chemical shift values. The two
Dhb gave a singlet NH. Leu, Phe and Pro were recognized from
their spin systems.

NOESY experiments did not give useful cross-peaks due to
the small molecular weight of the compound which gives an
unfavourable correlation time. Conversely, ROESY performed
under the same conditions led to the collection of a number of

Fig. 2. CD spectra of fuscopeptin B in the

far-UV region. (A) Water solution (solid line);

(B) 80% aqueous trifluoroethanol (dashed line);

(C) the peptide bombinin [26] which is in a

right-handed a-helical form in 80% aqueous

trifluoroethanol.

Fig. 3. Fingerprint region of ROESY spectra of fuscopeptin B in

aqueous/trifluoroethanol solutions obtained with a spinlock time of

0.2 s. (A) Spectrum in 50% aqueous trifluoroethanol; (B) spectrum in 80%

aqueous trifluoroethanol.
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dipolar connectivities (NOEs) which indicated the through-
space proximity of the residues' protons. The fingerprint region
of the two ROESY spectra obtained in aqueous 50 and 80%
trifluoroethanol solutions are reported in Fig. 3A and B,
respectively.

These results allowed sequence specific assignment along the
peptide chain. The lack of the NH proton of the Pro2 residue
was overcome by observing the NOEs of CdH2 protons with the
preceeding CaH, thus obtaining the step in the sequential
assignment. The complete assignment for the two experimental
conditions is reported in Table 2. Only small differences in
chemical shifts were observed between spectra in 50 and 80%
aqueous/trifluoroethanol.

Several inter-residue NOEs, detected in ROESY spectra at
0.3 s mixing time, have been observed and, after integration,
classified by their intensity as weak, medium and strong. These

experimental NOE data obtained in 50 and 80% trifluoro-
ethanol are reported in Tables 3 and 4, respectively; these
results were used as constraints in the computer simulations.
The NOEs observed in both the ROESY spectra are overall
similar in 50 and 80% trifluoroethanol and only small changes
were found in some long range NOEs. Thus, the results
obtained in 80% trifluoroethanol were chosen as the experi-
mental starting data set for the molecular simulation whereas
those obtained in 50% aqueous trifluoroethanol were used for
checking controls.

Computer simulations

Distance geometry-simulated annealing. NOE restraints as
derived from NMR data were included in the DG-SA
computations. A total of 148 distance constraints, derived

Table 2. Assignments of the resonances of the NMR spectrum of fuscopeptin B in 80% aqueous trifluoroethanol. Values reported in parentheses are

those observed in 50% aqueous trifluoroethanol. Fuscopeptin B fatty acid chemical shift values (p.p.m.): C2, 2.58 (2.59); C3, 4.12 (4.12); C4, 1.37 (1.38); C5,

1.59 (1.61); C6±C7, 1.46 (1.48); C8, 1.33 (1.33); C9, 1.27 (1.34); C10, 0.90 (0.90).

Chemical shift (p.p.m.)

Residue

assignment NH CHa CHb,b 0 CHg,g 0 CHd,d 0

Dhb1 9�.05

(9.06)

5�.80

(5.81)

Pro2 4�.41

(4.42)

2�.39

(2.39)

2�.00

(2.01)

3.77, 3.67

(3.66, 3.78)

Leu3 8�.19

(8.20)

4�.10

(4.10)

1�.97, 1.81

(1.98, 1.81)

0.96

(0.97)

Ala4 7�.94

(7.84)

4�.19

(4.19)

1�.48

(1.47)

Ala5 7�.83

(7.83)

4�.24

(4.25)

1�.56

(1.57)

Ala6 7�.96

(7.97)

4�.13

(4.14)

1�.51

(1.52)

Ala7 7�.83

(7.84)

4�.25

(4.26)

1�.56

(1.57)

Val8 7�.97

(7.97)

3�.87

(3.87)

2�.21

(2.20)

1�.04, 1.11

(1.03, 1.13)

Gly9 7�.99

(8.01)

3�.91

(3.94)

Ala10 7�.78

(7.80)

4�.23

(4.25)

1�.56

(1.57)

Val11 7�.76

(7.77)

3�.72

(3.75)

2�.26

(2.28)

0�.98, 1.11

(1.01, 1.10)

Ala12 8�.14

(8.15)

4�.24

(4.25)

1�.60

(1.62)

Val13 8�.02

(8.04)

3�.87

(3.89)

2�.38

(2.38)

1�.08, 1.18

(1.08, 1.18)

Dhb14 9�.07

(9.08)

6�.64

(6.65)

1�.83

(1.88)

Thr15 8�.18

(8.18)

4�.39

(4.40)

5�.38

(5.37)

1�.43

(1.43)

Ala16 7�.91

(7.92)

4�.22

(4.21)

1�.57

(1.58)

A2bu17 9�.07

(9.10)

4�.07

(4.07)

2�.53, 2.38

(2.55, 2.37)

3�.13

(3.14)

NH2 = 7�.81

(7.81)

A2bm18 8�.20

(8.20)

4�.00

(4.04)

2�.40

(2.43)

3�.10

(3.12)

NH2 = 7�.66

(7.68)

Phe19 7�.90

(7.90)

4�.89

(4.89)

2�.94, 3.43

(3.44, 2.95)

7.38

(7.38)
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from 98 intra-residual and 50 inter-residual NOEs shown in
Table 4, were used to generate 50 structures. A set of 34
structures with the lowest total energies were chosen to
represent the solution conformation of fuscopeptin B.

All acceptance criteria [no NOE violations greater than
0.05 nm, no dihedral angle violations greater than 58, root mean
square deviation (rmsd) for bond deviations from ideality less
than 0.001 nm, rmsd for angle deviations from ideality less than
28] were fullfilled. The rmsd of the NOE violations of all of the
structures was 0.003 ^ 0.001 nm. The maximum violation was
0.004 nm. The rmsd of angles and improper dihedrals were
0.034 ^ 0.0028 and 0.030 ^ 0.0028.

The backbone pair-wise rmsd for the 34 structures was
0.4 ^ 0.1 (all heavy atoms 0.5 ^ 0.1 nm) over the whole
molecule, and the average rmsd to the mean structure were
0.3 ^ 0.1 and 0.4 ^ 0.1 nm, respectively. This result indicates
a conformational heterogeneity of the structures. These findings
made it impossible to select a unique representative structure
with which to perform molecular dynamics simulations, or to
group structures into a few classes on the basis of confor-
mational similarity. Nevertheless, an examination of the
ensemble led to the identification local elements of secondary
structure preferentially adopted by the 34 conformers. Due to
the presence of residues with alternating chirality, producing a
conformational preference for turns [22], a tendency toward
folded structures was evident. Beta and g-turns can be
identified, despite the fact that f/c angular values at positions
i + 1 and i + 2 are frequently inconsistent with classical turns;
in a few cases it was not easy to distinguish type I 0 from type
III 0 b-turns [23]. The hydrogen bond pattern of the ensemble
shows that some hydrogen bonds occur more frequently than
others: in all cases they contribute to the stabilization of the
turns. The analysis of the ensemble shows that the confor-
mation of fuscopeptin B can be described as being composed of
two almost well-defined regions, a loop from Dhb1 to Ala5 and

Table 3. Inter-residual NOEs observed in the ROESY spectrum of Fuscopeptin B in 50% aqueous trifluoroethanol. Mixing time = 0.080 s, obtained as

reported in Materials and methods. Symbols w, m and s refer to the integrated intensities as weak, medium and strong.

NH±NH NH±CHa,b,g,d Others

Atom pair Intensity Atom pair Intensity Atom pair Intensity

1N±2CdH w 1CbH±2dCH m

2CdH±3N w 2CdH±3CbH

2CaH±6CbH

w

w

3N±4N w 3CaH±4N

5CaH±4N

w

w

5N±6N m 5N±6CaH m/w 6CaH±8CbH m/w

7CaH±8N w 8CaH±11CbH w

9N±10N m/w 9CaH±10N m

11N±12N m 11CaH±12N

11CbH±12N

w

m/w

12N±13N w 12N±13CaH

12CbH±13N

w

m/w

13N±14N w 13N±16CaH

13CgH±17N

w

w

13CgH±16CaH w

14N±15N m/w 13CaH±14N w

15N±16N s 15CaH±16N

15CbH±16N

m/w

m/s

15CbH±16CaH m

16N±17N w 16CbH±17N m/s

18CaH±19N

18CgH±19N

m/w

w

18CbH±19CgH m/w

Fig. 4. The 34 structures of fuscopeptin B obtained after distance

geometry-simulated annealing calculations. (A) Structures aligned from

Dhb1 to Ala5; (B) structures aligned from Val13 to Phe19. Only backbone

atoms N,Ca,C of the peptide moiety are shown.
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the region from Val13 to Phe19 that includes the lactone ring.
These are connected by a helical region with some confor-
mational flexibility, from Ala6 to Ala12. Fig. 4A shows the
ensemble of structures aligned from Dhb1 to Ala5; Fig. 4B
shows the ensemble of structure aligned from Val13 to Phe19.

The fatty acid chain of the molecule is highly flexible, in
agreement with the experimentally observed presence of only
three NOE contacts involving it. This observation led us to
consider the solution conformation of the peptidic region of
fuscopeptin B; this is strictly valid for fuscopeptin A which
differs only for the length of the fatty acid chain.

Almost all of the conformers have f and c angles of residues
2±4 in the same region of the Ramachandran plot; residue 1
assumes two major values and residue 5 shows a wider range of
values (Fig. 5A). The backbone rmsd of the average structure is
0.06 ^ 0.02 nm with values ranging from 0.04 to 0.11 nm (all
heavy atoms rmsd: 0.10 ^ 0.04 nm). The majority of the
conformers adopts a type IV b-turn conformation [24] from
residues Pro2 to Ala5 (27 conformers) (Fig. 6A).

The second region with a defined secondary structure
involves residues Val13 and Dhb14 of the chain, and residues
Thr15 to Phe19, which form the lactone ring. The backbone
shows some fluctuations at the lactonic closure and an inversion

of 1808 of the backbone amide bond between 2,4-diamino-
butanoic acid (A2bu)17 and A2bu18. Almost all of the
conformers have the f and c angles of residues 15 and 16
and the f angle of residue 19 in the same region of the
Ramachandran plot. Residues 13, 14, 17 and 18 show spreading
around two major values; c of residue 19 shows a wide
variability (see Fig. 5B). Backbone rmsd of the average
structure was 0.05 ^ 0.01 nm with values ranging from 0.03
to 0.07 nm (all heavy atoms rmsd: 0.13 ^ 0.03 nm). Three
main turns characterize this region: an inverse g-turn between
Ala16 and A2bu18 (25 conformers), stabilized by a hydrogen
bond in 17 out of 25 conformers (Fig. 6G), a g-turn between
A2bu17 and Phe19 (15 conformers), stabilized by a hydrogen
bond in nine out of 18 conformers (Fig. 6H) and a b-turn
between Val 13 and Ala16 (13 conformers) of type I 0 or III 0
(Fig. 6F), stabilized by a hydrogen bond in eight out of 15
conformers. Seven structures adopt a type III b-turn between
residues Thr15 and A2bu18 and seven structures have an
inverse g-turn between residues Val13 and Thr15 that is
stabilized by a hydrogen bond in five.

A third structured region present between those previously
described includes residues from Ala6 to Ala12 and is
characterized by some conformational variability and an rmsd

Table 4. Inter-residual NOEs observed in the ROESY spectrum of fuscopeptin B in 80% aqueous trifluoroethanol. Mixing time of 0.080 s obtained as

reported in Materials and methods. Symbols w, m and s refer to the integrated intensities as weak, medium and strong. FA, fatty acid.

NH-NH NH±CHa,b,g,d Others

Atom pair Intensity Atom pair Intensity Atom pair Intensity

1N±C2H (FA)

C5H (FA)±14CgH

C7H (FA)±14CgH

s

w

w

1N±2CdH m 1CHb±2CdH m

2CdH±3N m/w 2CdH±3CbH w

3N±4N w 3N±5CaH

3CbH±5N

4CaH±5N

4CbH±5N

m/w

w

m

s

5N±6N w 6CaH±9N w 5CaH±6CbH w

7N±8N m/s 7CaH±8N m/w

8CaH±11N w 8CbH±9CaH

8Cg 0H±9CaH

m/w

m/w

9N±10N m/w 9N±10CaH

9CaH±10N

9CaH±12N

10CaH±11N

10CbH±11N

w

m/s

m/w

s

w

11N±12N m/s 11CaH±12N

11CbH±12N

11CaH±14N

m

m

m/w

11Cg 0H±12CaH ww

12N±13N w 12N±13CaH

12CaH±13N

12CbH±13N

w

s

m/s

12CaH±13CbH m/w

13N±14N m/s 13CaH±14N

13CaH±16N

m/w

w-

14N±15N w

15N±16N s 15CaH±16N

15CbH±16N

15CgH±16N

w

s

w

15CbH±16CaH w

16N±17N w 16CbH±17N

18CaH±19N

18bCH±19N

s

m/s

w

16CbH±17gCH m/w
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for the backbone of 0.15 ^ 0.05 nm with values ranging from
0.09 to 0.27 nm (nonhydrogen atoms rmsd: 0.2 ^ 0.06 nm). In
this region it was possible to identify structures with segments
of distorted and nonsuperimposable left-handed a-helicity.
About 10 structures show such feature between residues 7 and
12 as shown in Fig. 7A,B. This region is probably the
structured part of the molecule which in 80% aqueous
trifluoroethanol is responsible for the CD spectrum reported
in Fig. 2. In this region, experimental NMR data are compatible
also with other conformations. Other conformers show four
consecutive turns: two b-turns, from Ala6 to Ala12 (11
conformers) and from Gly9 to Ala12 (nine conformers)

which both could be described as type I 0 or III'; two b-turns
of type I 0 from residue 7 to 10 (12 conformers) and from Val8
to Val11 (11 conformers) as reported in Fig. 6B±E.

Fig. 5. Ramachandran plot of the conformers found in DG-SA molecular simulation of Fuscopeptin B. (A) Residues from Dhb1 to Ala5; (B) residues

from Val13 to Phe19.

Fig. 6. Prevalent turns present in fuscopeptin B. (A±F) b-turns; (G±H)

g-turns. Atoms N, Ca, C, O, HN of residue i and Cb of residue (i + 2) are

shown.

Fig. 7. Structural region of fuscopeptin B from Ala7 to Ala13. (A) Side

view; (B) top view. Only backbone atoms N,Ca,C are shown.
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Finally the torsion angle of the lactonic ring closure assumes
an almost trans conformation in all conformers.

The results reported here are precise for the backbone chain
only because of the relatively small number of NOE constraints
reported in Tables 3 and 4. Because of the small number of
constraints the side chains remain largely undetermined.

D I S C U S S I O N

The bioactive lipodepsipeptides fuscopeptin A and fusco-
peptin B are structurally related to some pseudomonad
metabolites studied previously. In particular they share with
tolaasins, syringopeptin 22, syringopeptin 25A and corpeptins a
3-hydroxy substituted unbranched fatty acid chain and a long
hydrophobic peptide moiety with a positively charged cyclized
C terminus. The cyclized moiety is formed by eight amino acid
residues in syringopeptins and by five residues in all of the
others.

The solution structure of fuscopeptin B, and consequently
that of fuscopeptin A, which only differs in its slightly shorter
3-hydroxy fatty acid moiety, has been elucidated by NMR
spectroscopy and molecular simulations using DG-SA methods,
with the use of NOE data collected from fully assigned two-
dimensional NMR spectra.

The comparison of secondary structural elements of
fuscopeptins with those of syringopeptin 25A [6] shows the
occurrence in both products of three comparable structural
motifs presenting hydrogen bonds in the same regions.

Two consecutives turns (an inverse g-turn and a type I 0
b-turn) occur between residues in the N-terminal region of
syringopeptin 25A; they have their analogy in the preference
for a type IV b-turn in the same position of conformers of
fuscopeptins.

The aromatic character of the C-terminal residue found in
syringopeptins and syringotoxin is mantained in fuscopeptins
and the nature of the hydroxy-amino acid residue (d-allo-
Thr) ± where the cyclic closure occurs preceeded by a
conserved Dhb residue. A g-turn, involving the C-terminal
sequence, and other two nonclassified b-turns, all stabilized by
hydrogen bonds, form the structural pattern of the lactone ring
of syringopeptin 25A. This structural motif has its analogy in
the preference of most of the 34 conformers of fuscopeptins for
a g-turn at the C terminus, consecutive to an inverse g-turn; in
most cases both are stabilized by a hydrogen bond.

A different structure has been also found for the central
region. In fact, the higher content of the dehydro residue Dhb in
syringopeptin 25A as compared with fuscopeptins confers a
higher conformational rigidity in its central region. On the
contrary, the consecutive presence of d-amino acids in
fuscopeptins is probably responsible for the assumption of a
left-handed a-helicoidal conformation in aqueous trifluoro-
ethanol as by CD spectroscopy.

The conformation of the lactone ring is similar to that found
in the two `small' lipodepsipeptides syringotoxin [20] and
pseudomycin A [19] as well as in syringopeptin 25A. This
conformation, resembling the seam of a tennis ball, was found
for the first time in the bioactive lipodepsinonapeptide WLIP:
white line inducing principle, produced by Pseudomonas
reactans [25]. A motif of two consecutive hydrogen-bonded
turns (see Fig. 8) was previously observed in the lactone
macrocycle of pseudomycin A [19].

The effect of the aqueous trifluoroethanol solvent, which
certainly constitutes an aid to the structural studies by NMR in
solution, is also proof that these compounds, with exception of
syringopeptin 25A, are mainly unstructured or only partly

structured in water and become more more structured in this
solvent mixture which is a membrane-like environment. This is
in line with the membrane perturbing properties of these
lipodepsipeptides. The complete correlation between the
structure in solution and the bioactive properties of these
compounds is not understood completely and awaits the study
of a more complete set of similar phytotoxins from different
sources. In fact, the effect of the fatty acid chain, the
hydrophobic elements, the balance of polar/hydrophobic
residues in the sequence, the role of alternating chiralities
and, finally, the lactonic closure on the solution confor-
mation ± and consequently the biological properties ± of
these phytotoxins has not been clarified completely.
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