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The Structure of a Toxic Octapeptide, containing 4 b-Amino-acids,
from the Larvae of a Sawfly, Lophyrotoma interrupta
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The structure of a toxic octapeptide from the larvae of a sawfly, Lophyrotoma interrupta, is determined as
PhCO-p-Ala-p-Phe-L-Val-L-lle-pD-Asp-L-Asp-p-Glu-L-GlIn.

The poisoning of cattle by ingestion of larvae of an Australian of the isolation of a toxic factor is due to Leonard.? An
species of sawfly (Lophyrotoma interrupta) is a serious problem improved method for isolation of an essentially pure toxin
in several of the grazing areas of Queensland.! The first report with an L.D.;e of 2 mg/kg was reported by Oelrichs er al®
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Amino-acid analysis showed the presence of the following
amino-acids (molar ratios given in parentheses): Asp (1.89),
Glu(1.93), Ala(1.00), Val(1.16), I1e(0.82), and Phe(0.92)
(relative to Ala = 1.00). Electron impact (EI) mass spectro-
metry established benzoyl as an N-terminal blocking group,
and determined® the partial sequence PhCO-Ala-Phe-Val-
Ile. . . . We now report the determination of the complete
structure as PhCO-D-Ala-p-Phe-L-Val-L-Ile-D-Asp-L-Asp-D-
Glu-L-Gln.

The sequence of amino-acids in the toxin was determined by
the recently developed method of fast atom bombardment
(FAB) mass spectrometry.® The positive ion FAB mass
spectrum of the toxin is reproduced in Figure 1 (spectra were
obtained as described previously,® except that xenon atoms
were used as bombarding particles). The presence of the
abundant MH?' ion at m/z 1040, in conjunction with the
amino-acid analysis, is in accord with the presence of four
carboxy-groups and onc primary amide in the toxin. Four
kinds of sequence ions are observed in the spectrum. Those
sequence ions which contain the N-terminal portion of the
peptide correspond to acylium ions (1), or protonated amide
ions (2).* Tons corresponding to (1) occur at m/z 105, 176, 323,
422, 535, 650, 765, and 894 (and MH" at 1040) and indicate
the sequence PhCOAlaPheVallleAspAspGluGln; or the C-
terminal Gln could equally be replaced by the isomeric amino-
acid carrying the amide on the backbone carbonyl, and the
carboxy-function in the sidechain (iso-Gln). Ions correspond-
ing to (2) at m/z 667,782, and 911 (in conjunction with M H¥)
confirm the nature of the three amino-acids constituting the
C-terminal portion.
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Those sequence ions which contain the C-terminal portion
of the peptide correspond to protonated amine fragments (3),°
or the ion-radical fragments (4). lons corresponding to (3) at
m/z 865, 718, 619, and 506 (Figure 1) indicate the sequence
XPheVallleY, where the masses of X and Y are in accord with
the proposed sequence. Very low abundance ions, correspon-
ding to (4), at m/z 849, 702, 603, and 490 support this

sequence.
(H,NR)H* (RCHCO-)H* RCONH~
3) 4 (5)

A number of the structural conclusions derived from the
positive ion FAB spectrum could be confirmed from the
negative ion FAB spectrum. This shows an cxtremely abun-
dant (M — H)~ ion at m/z 1038. A series of sequence ions,
most generally expressed in terms of the anion (5), occur at
m/z 338, 437, 550, 665, 780, and 909. These, together with the
(M — H)™ ion at m/z 1038, indicate the sequence XVallle-
AspAspGluGlIn (or, as before, the C-terminal residue may
be iso-Gln).

The ambiguity of Gln or iso-Gln at the C-terminus of the
toxin was removed by carrying out a Hofmann degradation
on the toxin with [bis(trifluoroacetoxy)iodo]benzene.” The
resulting peptide was totally hydrolysed and the products
subjected to amino-acid analysis. The analysis established
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Figure 1. The positive ion FAB mass spectrum (obtained with Xe atoms) of the octapeptide (/n/z 320—1050). The peaks marked G rep-

resent protonated polymers of glycerol which are 92 a.m.u. apart.
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the production of (molar ratios in parentheses, relative to Ala
= 1.00) Ala(1.00), Phe(0.96), Val(0.94), 1le(1.01), Asp(1.93),
Glu(1.19), and a product with the same retention time as 2,4-
diaminobutyric acid (DAB, 0.89). These experiments estab-
lish that the C-terminal residue is Gln and not iso-Gln.

The absolute configurations of the amino-acids in the toxin
were determined by gas chromatography on a chiral column,
A sample of toxin was subjected to total acid hydrolysis, and
the resulting amino-acids were converted into their N-trifluoro-
acetyl isopropyl esters. Gas chromatography of these deriva-
tives on a ‘Chirasil-Val’ column, and a comparison of their
retention times with those of authentic samples, established
that Ala, Phe, one Asp, and Glu or Gln, have the p-con-
figuration; and that Val, lle, one Asp, and Glu or Gln have
the L-configuration. Peak assignments were confirmed by EI
and chemical ionisation (Cl) mass spectrometry.

The ambiguity of absolute configurations at Glu” and Gin®
was resolved by carrying out a total acid hydrolysis on the
previously mentioned crude product of Hofmann degradation,
and analysing the N-trifluoroacetyl isopropyl ester derivatives
of the resulting amino-acids on the chiral g.c. column. Co-
chromatography with authentic derivatives of b and L Glu,
and p and L DAB, established the hydrolysate to contain D
and L Glu in the approximate ratio 93:7, and b and L DAB
in the approximate ratio 5:95. Thus, the C-terminal residue
of the toxin is L-GlIn, and the penultimate residue Glu’, has
the p-configuration.

The ambiguity of absolute configurations at Asp® and Asp®
was resolved by analysing products of partial acid hydrolysis
of the toxin. Cleavage by dilute acid hydrolysis of a peptide
residue involving an aspartate residue is known to be a facile
process compared with other cleavages.® Partial acid hydrolysis
of the toxin was effected by 109, aqueous HCI at 100 °C for
1.5 h. Fractions were separated by reversed-phase preparative
h.p.l.c., and the fractions analysed by FAB mass spectro-
metry. One fraction (fraction 28) was observed to give very
abundant ions in its positive ion FAB mass spectrum at m/z
493 and 247. These ions correspond to MH™ signals from the
peptides PheVallleAsp and lleAsp. Support for the assign-
ment of the peak at m/z 493 came from the fragmentation
pattern which established loss of C-terminal Asp [loss of 116
to give ion type (2), and loss of 133 to give ion type (1)].
Additionally, esterification of the peptide with MeOH-HCI
gave, by FAB analysis, a diester (MH™* at m/z 521); and
acetylation with Ac,0-H,O gave a mono-acetyl derivative
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(MH™' at m/z 535), as required by the proposed sequence. The
m/z 247 ions also showed the anticipated increments in these
experiments.

Total hydrolysis of a sample of the above fraction, and
analysis of the N-trifluoroacetyl isopropyl ester derivatives
of the resulting amino-acids on the chiral g.c. column,
established that the p:L Asp ratio was approximately 5:1.
Allowing for traces of other peptides in fraction 28, these data
indicate that the absolute configuration at Asp® is D; and, in
the light of data obtained previously, the absolute configuration
at Asp® must be L.

We have therefore determined that the structure of the
toxin, for which the name lophyrotomin has been suggested
previously,? is PhCO-p-Ala-p-Phe-L-Val-L-lle-D-Asp-L-Asp-D-
Glu-L-Gln.

The presence of four p-amino-acids in a peptide isolated
from an animal is, so far as we are aware, without precedent.
However, at this stage we cannot be certain that the peptide,
or some or all of its p-amino acid components, is biosyn-
thesised by one or more simpler organisms with which the
larvae may interact.
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