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Compound 1 "H NMR (360 MHz in C,Dy). 6.48, (1H, s, H-5), 6.41,
(1H, s, H-8), 5.38, (1H, t, J = 6.6 Hz, H-3), 3.12, (3H, s, H-15), 2.12,
(3H, s, H-14), 1.96, (2H, m, H-2), 1.67, (3H, s, H-12), 1.60, (3H, s,
H-13), .90, 3H, t, J = 7.5 Hz, H-1). '3*C NMR (50 MHz) 180.5 (5),
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162.1 (s), 159, 0 (s), 136.0 (d), 134.7 (d), 131.5 (s), 125.6 (s), 110.5 (d),
101.1 (s), 54.7 (@), 21.9, 16.5 (1), 13.9 (q), 13.9 (@), 7-1 (). IR (cm ™1,
film): 2960, 2920, 1650, 1610, 1460, 1315, 1260, 1170.
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H-10), 5.33, (1H, t, J = 7.4 Hz, H-3), 2.91, (3H, 5, H-15), 2.12, (3H, s,
H-14), 1.91, (2H, m, H-2), 1.84, (3H, s, H-12), 1.54, (3H, s, H-13), .86,
(3H, t, T = 7.5 Hz, H-1), }*CMR (50 MHz, data incomplete due to
limited amount of compound) 167.3 (s), 139.4 (d), 135.6 (d), 125.9 (s),
88.4(d), 55.0(q), 21.7 (), 16.2(t), 16.1 (q), 13.9 (@), 11.7 (). IR (cm ~*,
film): 2960, 2920, 1740, 1640, 1570, 1450, 1420, 1380.
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Conversion of phenylalanine to toluene and 2-phenylethanol by the pine engraver Ips pini (Say)

(Coleoptera, Scolytidae)
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Summary. The pine engraver, Ips pini (Say), was found to produce toluene and 2-phenylethanol when boring into
fresh pine logs. The hypotheses that phenylalanine is a precursor of these compounds and that beetles without their
symbiotic microorganisms can perform these conversions were confirmed by treating wild and axencially-reared
males and females topically with L-phenyl-ds-alanine. Extracts of these beetles invariably contained deuterio-toluene,

and extracts of males contained deuterio-2-phenylethanol as well.
Key words. Insecta; Scolytidae; phenylalanine; aromatics; axenic.

Phenylalanine plays a central role in insect physiology,
acting as an essential nutrient >, a major constituent of
cuticle®, and a component of structural and storage
proteins "> ®. It has also been shown to be behaviourally
active, stimulating host-searching in the parasitoid Apan-
teles cypris®, feeding behaviour in Lygus lineolaris *°, and
positive chemotaxis in larval Culex pipiens quinquefascia-
tus'*. Moreover, phenylalanine serves as the precursor
for p-benzoquinone production in the defensive secre-
tions of Elodes longicoilis **. '

Despite the varied fates of this amino acid, only two
modes of phenylalanine metabolism have been described
in insects. Phenylalanine can be hydroxylated to tyrosine
prior to incorporation into proteins, a common metabol-
ic pathway. In a far less common reaction, males of the
bertha armyworm, Mamestra configurata, convert phe-
nylalanine into the pheromone 2-phenylethanol 3.
Volatiles captured from individual gallery systems of the
pine engraver, Ips pini'*, contained toluene and 2-phe-
nylethanol, aromatic volatiles without ring hydroxyl-
ation. Since the mean hourly release of 226 ng of toluene
(SD = + 195, n = 18) during 30 h of aeration could not
be explained as atmospheric contamination, and insects
do not produce aromatic structures themselves but re-
ceive them from their diets, we tested the hypothesis that

phenylalanine is a precursor of the toluene and 2-
phenylethanol found in /. pini volatiles. Since microbial
symbionts can be involved in pheromone biochemistry
and volatile production in Scolytids'*>~ '8, and Ips pini
carries several species of blue stain fungi and yeasts!® 29,
we also tested whether the beetles can perform these
conversions of phenylalanine without their symbiotic mi-
croorganisms.

Materials and methods

Experimental insects. Experiments were conducted on
wild and axenically-reared male and female 7. pini. Ax-
enic beetles lacking culturable microorganisms were
reared as previously described for Dendroctonus pondero-
sae*!, and were allowed to feed and mature for 2—6
weeks as adults. Wild beetles were allowed to emerge
from logs of naturally infested lodgepole pine, Pinus con-
torta var. latifolia, held in screened cages at approximate-
ly 26°C on a photocycle of 16:8 (L:D). Beetles were
collected daily, separated by sex, grouped into 8- 14 indi-
viduals per replicate, and used that day.

Phenylalanine treatment. 20 mg of L-phenyl-d,-alanine
labelled exclusively in the phenyl ring (lot No. 2250-L,
Merck Frosst Canada Inc., Montreal) were dissolved in
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2.0 ml of double distilled water/residue grade acetone
(1:1); 0.5 pl of this solution, containing S pg of phenyl-
alanine, was applied to the ventral surface of each beetle.
Following evaporation of the solvent, the beetles were
placed in layers of filter paper in glass jars. Axenically-
reared beetles were treated similarly under aseptic condi-
tions in a laminar air flow hood. After 18 h of storage at
room temperature, beetles treated with phenyl-ds-ala-
nine as well as untreated and solvent-treated control
beetles were crushed for 2 min in redistilled pentane/ether
(95/5) over dry ice. Beetle extracts and the solution used
for topical treatment were subjected to analysis by cou-
pled gas chromatography-mass spectrometry (GC-MS),
employing a Hewlett-Packard 5985B GC-MS fitted with
a 30 m x 0.32 mm ID DB-1 column. Protio- and deute-
rio-toluene were quantified, whereas the presence of 2-
phenylethanol was only monitored because amounts
were too small for reliable quantification. Data were
transformed by log( x + 1) to remove heteroscedasticity
(Bartlett-Box, F =148 and F=03, p=022 and
p = 0.83 for protio-toluene and deuterio-toluene, respec-
tively), and group means were compared by the Student
Newman Keuls test using SPSSPC statistical software
(SPSS Inc., Chicago IL).

Results and discussion

Wild and axenic beetles of both sexes treated with deu-
terio-phenylalanine contained deuterio-toluene (fig.,
table); extracts of males also contained deuterio-2-phe-
nylethanol (fig.). Neither deuterium-fabelled compound
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was detected in untreated or in solvent-treated control
beetles or in the phenylalanine solution used for topical
treatment. The mean amounts of toluene present in dif-
ferent treatment groups did not differ significantly (p >
0.05; table), but the results suggest that axenically reared
beetles of both sexes contained more of both unlabelled
and deuterium-labelled toluene.

We conclude that both male and female Ips pini convert
phenylalanine to toluene and that males also produce
2-phenylethanol. The latter compound has been previ-
ously identified in another scolytid beetle, Ips paracon-
fus??, and detected in volatiles from yeasts isolated from
L typographus'® and other bark beetle species'®. Our
study on axenically-reared I. pini individuals, which lack
culturable microorganisms, indicates that the beetles
themselves are able to convert phenylalanine to toluene
and 2-phenylethanol. Moreover, axenically-reared
beetles tended to produce more toluene than wild beetles
(table), suggesting that symbiotic microbes are probably
not involved in phenylalanine conversion.

The small amounts of toluene in extracts (table) might be
explained by the immediate release of this potentially
harmful metabolite. The 5 ug of topically applied L-
phenyl-ds-alanine surpassed the internal content of natu-
rally occurring phenylalanine in insects '® 29, but result-
ed in only small amounts of deuterio-toluene in the
beetles, likely indicating a rather moderate penetration of
deuterio-phenylalanine through the cuticle.

The adaptive significance of the production of toluene
from phenylalanine is unclear. However, high levels of
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Mass spectra of unlabelled and deuterium-labelled toluene and 2-
phenylethanol detected in extracts of Ips pini treated with L-phenyl-ds-

alanine.
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Amounts of unlabelled and deuterium-labelled toluene in extracts of I. pini treated topically with deuterium-labelled L-phenyl-d-alanine

Sex Origin of beetles No. of replicates Amount of toluene per beetle [ng] (X + SE)!
8-14 beetles/repl. unlabelled labelled
Male wild 5 335+191 0.15 1 0.04
Axenically reared 4 835+ 4.72 041 4 0.13
Female wild 2 0.83 4+ 0.07 0.02 + 0.01
Axenically reared 3 7.98 + 4.05 032+ 011

1No significant difference between means within either column, Student Newman Keuls test, p > 0.05.

phenylalanine adversely affect the performance of
aphids2>2® and induce them to leave their feeding
sites?7. High levels of phenylalanine are likely also pres-
ent in the phloem/(sapwood) diet of bark beetles as lignin
synthesized from phenylalanine?® ?° comprises up to
20% of pine phloem®°. The large amounts of toluene
emitted from gallery systems of I. pini may result from
specialized enzymatic systems responsible for processing
excessive amounts of ingested phenylalanine.

It was hypothesized that toluene could be a pheromone
in I. pini. However, a series of field experiments in which
toluene was tested alone or in combination with the
known pheromone, ipsdienol, failed to disclose consist-
ent toluene-induced behaviour. Field testing of 2-phenyl-
ethanol as a candidate pheromone has not been conduct-
ed at this time, but it reportedly acts as a weakly-attrac-
tive pheromone for I. paraconfusus??.
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