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The primary structure of some new lipodepsipeptides named syringopeptins, produced by plant pathogenic strains of Pseudomonas syringae pv.

syringae has been determined by a combination of chemical methods, 'H and '*C NMR spectroscopy and FAB mass spectrometry. Two

syringomycin-producing strains afforded 3-hydroxydecanoyl-Dhb-Pro-Val-Val-Ala-Ala-Val-Val-Dhb-Ala-Val-Ala-Ala-Dhb-aThr-Ser-Ala-Dhb-

Ala-Dab-Dab-Tyr, with Tyr acylating aThr to form a macrolactone ring, and smaller amounts of the 3-hydroxydodecanoyl homologue. Evidence

was obtained that a third syringomycin-producing strain and a syringotoxin-producing strain synthesize 3-hydroxydecanoyl-Dhb-Pro-Val-Ala-Ala-

Val-Leu-Ala-Ala-Dhb-Val-Dhb-Ala-Val-Ala-Ala-Dhb-aThr-Ser-Ala-Val-Ala-Dab-Dab-Tyr, with Tyr and aThr forming again the macrolactone
ring, and smaller amounts of the 3-hydroxydodecanoyl homologue.

Phytotoxin; Lipodepsipeptide; Syringopeptin; Pseudomonas syringae pv. syringae

1. INTRODUCTION

In recent years it has been shown that different eco-
types of Pseudomonas syringae pv. syringae produce
closely related bioactive lipodepsipeptides. Syringo-
mycins [1--3], syringostatins [4,5] and syringotoxin [6,7]
have been isolated respectively from stone fruits, pear,
grass and sugar cane isolates, from lilac isolates, and
from citrus isolates, and all of them have been shown
to. be composed of a nonapeptide moiety with the C-
terminal sequence Dhb-Asp(3-OH)-Thr(4-Cl) and an
N-terminal Ser N-acylated by a long-chain unbranched
3-hydroxy fatty acid and QO-acylated by the C-terminal
carboxyl to form a4 macrolactone ring. The 5 amino acid
residues located between the N-terminal Ser and the
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C-terminal tripeptide, mostly of an uncommon struc-
ture, form the variable region of the peptide moiety.
During our previous work on syringomycin [1,2] and
syringotoxin [6] we had noticed that partially purified
preparations of these toxins gave rise in HPLC (beside
peaks due to the toxins themselves and to related com-
pounds) to peaks due to more hydrophobic substances
with a larger molecular size and a different amino acid
composition. Qur attention turned back to these sub-
stances when it was noticed that the phytotoxicity of the
unfractionated mixture was only in part accounted for
by their content of syringomycin or syringotoxin [8]. As
reported in the present paper, we have isolated some of
these substances and demonstrated that they are new
phytotoxic' metabolites, here called syringopeptins
(SPs). They are lipodepsipeptides that share a limited
number of structural features with the previously inves-
tigated bioactive substances produced by the same
strains,

2. MATERIALS AND METHODS

2.1, Preparation of syringopepting

Syringopeptins were isolated by freeze-drying appropriate HPLC
fractions originating from the partially purified preparations of syrin-
gomyein [1,2] or syringotoxin [6] used in our previous investigations.

2.2. - Analytical methods

Amino acid analyses were carried out with a Pharmacia Alpha Plus
4151 analyzer after hydrolysis in vapor phase with 6 N HCl at 110°C
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for 24 h in vacuo, or by GC-MS after transformation into TBDMS
derivatives [9]. N-terminal analyses were performed by the dansyl
chloride method [10,11]. FAB-mass spectra were mostly obtained as
reported in [1]. NMR spectra were run on a Bruker AM 400 instru-
ment operating at 400.13 MHz. Homonuclear 2D NMR experiments
were performed in phase-sensitive mode using TPPI phase cycle [12]
with 2K of memory typically for 512 increments. Spectral width and
the number of scans were optimized to obtain the best resolution and
a satisfactory signal-to-noise ratio. Correlation experiments (COSY)
were performed in the Double Quantum Filtered mode (DQF)[13,14].
Total Correlation experiments (TOCSY) were performed using the
MLEV-17 spinlock composite pulse sequence [15,16]. NOE dipolar
correlated 2D spectra (NOESY) were obtained using the normal pulse
sequence [17,18] or by using the rotating frame dipolar correlated 2D
spectroscopy [19--21]. The mixing time for the magnetization exchange
is reported for every experiment. Data were weighted by a sinebell
apodization function shifted typically of #/3.in both dimensions and
processed on a MicroVax IT with the 2D NMR software written in
FORTRAN 77. The program was kindly provided by  Prof. R.
Kaptein, Department of Organic Chemistry, Afd. NMR, Utrecht, The
Netherlands. A matrix of 1024 x 1024 phase-sensitive absorption
spectra was thus obtained with a digital resolution of ~4 Hz/point. An
accurate baseline correction was carried out in both dimensions by
using a polynomial fit provided by the same program. *C chemical
shift values in D,0 were obtained from proton bearing Carbon atoms
with a reverse detection probe using heteronuclear multiple quantum
correlation spectroscopy [22]. In the F1 domain 1K experiments were
. performed corresponding to 15 Hz resolution, followed by zero filling
to 2K (spectrum obtained by courtesy of Dr G. Gatti, Bruker, Milan),

2.3, Chemical methods

Partial acid hydrolyses were performed in 70% formic acid for 72
h at 45°C. After lyophilization the hydrolysates were fractionated by
HPLC on a macroporous reverse phase column (Aquapore RP-300,
7.0 x 250 mm purchased from Applied Biosystems, San Jose, CA,
USA). The addition of mercaptoethanol to SPs was carried out by
reacting about 2 nmol of peptide with an excess of reagent, under
conditions very similar to those described for the detection of phos-
phoseryl residues [23], After reaction the sample was loaded onto the
glass fiber filter of an Applied Biosystems model 475A gas phase
protein sequencer. The opening of the lactone ring was obtained by
incubation with 6.5% aqueous tricthylamine (RP reagent from Carlo
Erba, Milan) at room temperature for 2 h,

2.4. Enzymatic hydrolyses

Digestion with carboxypeptidase A (Type I-DFP from Sigma,
St.Louis, MO, USA) was performed in 0.1 M triethylamine pH 8.5,
at 37°C for 30 min.

3. RESULTS AND DISCUSSION

The partially ‘purified preparations obtained from
three syringomycin-producing strains of P, syringae pv.
syringae according to Surico and DeVay [24] and used
in our previous investigations gave in HPLC an elu-
tion pattern that consistently showed, beside syringo-
mycin peaks, one or more frequently two other hydro-
phobic peaks (Fig. 1). Fractions corresponding to each
of the latter peaks were pooled and their amino acid
composition and molecular size determined. The results
demonstrated that these substances were quite different
from these of previously studied bacterial metabolites
and were therefore named syringopeptins (SPs). In par-
ticular, SP.y-A and SP,,-B were obtained from strains
B3A und B30l and SPy;~A and SP,+-B from strain
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Fig. 1. Reverse-phase HPLC of a syringomycin preparation from

Pscudomonas syringae pv. syringae strain B-359. Horizonlal bar indi-

cates the elution of the syringomycins. The letters indicate individual
syringopuptins: A= SP,-A, B= SP,-B,

B359. Similarly, the syringotoxin-producing strain
B427 also afforded SP.s- A and SP,.-B,

Unless otherwise stated, the experiments reported in
this paper were carried out with SP,;-A. Quantitative
amino acid analysis indicated the composition: Pro(1),
Val(5), Ala(9), Leu(l), Thr(1), Ser(1), Dab(2), Tyr(l).
GC-MS analysis of the TBDMS amino acids demon-
strated the allo configuration of Thr. The combined use
of DQF COSY, TOCSY and HMQC techniques (in
D,0) not only confirmed this composition, but further-
more extended it with the identification of four Dhb
residues, all with the Z stereochemistry, and of a 3-
hydroxydecanoy! residue. At least some of the residues
must be in a cyclic arrangement since the sum of their
masses in a linear arrangement does not correspond to
the molecular weight (2397) found by FAB-MS; this
consideration, together with the occurrence of a 3-hy-
droxyacid moiety, a weak IR signal at 1745 cm~! (lac-
tone) and a strong IR band at 1672 cm~' (amide), sug-
gested that SP.s-A was a new lipodepsipeptide. This
hypothesis was corroborated by the observed addition
of one molecule of water to SP,;-A on treatment with
6.5% aqueous triethylamine (MH" 2416), and by the
blocked N-terminus in the same metabolite. On partial
acid hydrolysis SP,s-A yielded a major product that
emerged from the HPLC column before the starting
compound. The quantitative amino acid analysis of the
partial hydrolysis product gave results identical to those
obtained with SP,-A, but at variance with SP.-A, the
peptide had an unblocked V-teminus (Pro) and showed
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Fig. 2. '"H 400.13 MHz NMR spectrum of SP,-A, 1 mg/0.5 ml in H,0,
pH = 5.5. Only the low field portion of the spectrum is shown, corre-
sponding to the amidic protons (7.7-9.7 ppm range), to the aromatic
Tyr protons, and showing the 4 quartets due to § protons of 4
different Dhb. All resonances, given in ppm, have been assigned as
follows: Dhb(1) 9.60; Dhb(12) 9.50; Dhb(17) 9.35; Dhb(10) 9.27;
Ala(22) 8.91; Ala(15) 8.53; Leu(7) 8.40; Ala(20) 8.32; Ala(16) 8.27;
Ala(8) 8.25; Val(21) 8.25; Dab(23) 8.22; Tyr(25) 8.18; Ala(9) 8.16;
Val(14) 8.15; Ala(4) 8.12; Ala(5) 8.05; aThr(18) 7.99; Val(3) and Val(6)
7.96; Dab(24) 7.88; Ser(19) 7.80; Ala(13) 7.79; Val(11) 7.70; Tyr(O)
7.11; Tyr(m) 6.86; 8 Dhb(17) 6.83; f Dhb(10) 6.78; § Dhb(12) 6.70;
£ Dhb(1) 5.94,
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a protonated molecular ion at MH* 1891. In order to
make this material suitable for sequencing by the au-
tomated Edman degradation, it was reacted with mer-
captoethanol to form a stable adduct with the Dhb
residues (MH"* 2710). The sequence analysis established
the following primary structure: Pro-Val-Ala-Ala-Val-
Leu-Ala-Ala-Xaa-Val-Xaa-Ala-Val-Ala-Ala-Xaa-Thr-
Ser-Ala-Val-Ala-Dab-Dab-Tyr, where Xaa corres-
ponds to a pair of PTH-derivatives, originating from
the addition of mercaptoethanol to the double bond of
Dhb residues.

Tyr is also the C-terminal amino acid of SP,s-A, as
shown by the loss of 163 mass units from this metabolite
after treatment first with triethylamine; to open the lac-
tone ring (MH* 2416}, and then with carboxypeptidase
A, The partial primary structure was confirmed and
integrated (Fig. 3) to yield the complete sequence of
SP,-A by TOCSY and NOESY experiments with dif-
ferent mixing times carried out in a H,O solution. The
'H-NMR spectrum relative to the aromatic region and
to the amidic protons showed the resonances due to all
backbone amides (Fig. 2). All amino acid spin sysiems
were detected and the through-space connectivities in
the sequential steps were unambiguously identified.
These are reported in Fig. 3 where, for the sake of
clarity, only the observed sequential NOE contacts are
reported. Furthermore, on the basis of the combined
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Fig. 3. Chemical structure of SPyA. Only the observed sequential NOE contacts have been reported.
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Fig. 4. Chemical structure of SP,,—A and SPs,—B. Sequence information was obtained by Edman degradation (—), FAB-MS (=) and
NMR (&),

use of J, 5 (~9 Hz) and the NOE effect, the presence of
aThr was confirmed. The closure of the lactone ring
between the carboxyl of Tyr and the f-OH of aThr
residue was clearly indicated by diagnostic 'H and '*C
chemical shift values. Many other NOE contacts have
been observed and identified both from close proximity
protons and from sequentially remote parts of the mol-
ecule, indicating the presence of a rather structured con-
formation. Further elaboration of these data is in pro-
gress. The structure of SP,:-B (MH"* 2426), a higher
homologue of SP,;-A, derives from the complete ho-
mogeneity of PTH-amino acids formed in the Edman
degradation of a mixture with SP,s-A.

The FAB-MS data, the amino acid analyses and the
results of an Edman degradation after modification of
the Dhb residues with mercaptoethanol have suggested
that strains B-3A and B-301 produce two lipodepsi-
peptides similar to SP,s~A and B. They were named
SPy-A (MH" 2143) and SP,,~-B (MH" 2171), differed
from each other only for the 3-hydroxyacyl moiety (3-
hydroxydecanoyl and 3-hydroxydodecanoyl, respec-
tively), and appeared to have the structure shown in Fig.
4, The nature of the hydroxyacyl group, its linkage with
Dhb-Pro, and the involvement of Tyr and aThr in the
formation of the lactone ring were demonstrated by
NMR spectroscopy, which however raised doubts
about the homogeneity of the products.

Some structural features of the above metabolites are
similar to those found in tolaasin, a biologically active
lipodepsi octadecapeptide produced by P. tolaasi [25].

The isolation of SPs from syringomycin- and syringo-
toxin-producing strains and the disclosure of their high
phytotoxicity [8] stresses once more the recommenda-
tion [1] that future investigations on the mode of action
of P. syringae pv. syringae metabolites should be con-
ducted with single purified components and encourages
the re-examination, with pure substances, of some of the
results obtained by previous investigators with unfrac-
tionated mixtures.
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