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Purification and Identification of a Lepidopteran (Caterpillar) Fatty Acid Amide
Hydrolase and its Role in Nutrient Regulation

Kuhns EH, Seidl-Adams |, Tumlinson JH

Pennsylvania State University

Eah193@psu.edu

Several fatty-acid amide compounds (FACs) in caterpillar oral secretions enhance plant
defense responses during herbivory'. The levels of these FAC elicitors within the caterpillar
appear to be controlled by two enzymes, one in the gut tissue membranes that synthesizes
FACs and the second in the gut lumen that hydrolyzes them? 3. Since FACs are persistent
despite obvious fitness costs, it is believed that they are important to the performance
and/or survival of the caterpillar. Recent labeling studies suggest that FACs may be
a storage molecule to enhance the caterpillars’ ability to take up nitrogen®. Therefore |
hypothesize that FACs and associated enzymes enable the caterpillar to balance their
nutrient absorption when consuming sub-optimal diets. | have purified the FAC hydrolase
by liquid chromatography, identified the protein by Tandem MS/MS, and confirmed activity
by expression in E. coli. In mammals, orthologous enzymes are cytosolic and follow a
strikingly different role by recycling unusable amino acids from the digestion of protein.
However, in caterpillars the FAC hydrolase is present in the gut lumen and hydrolyzes a
specific substrate that is purposely synthesized by the caterpillar, thus supporting a novel
digestive role to enhance nutrient absorption. In order to further understand the role of
caterpillar FAC hydrolase, feeding studies are underway to examine the effect of increased
hydrolase activity in vivo on the performance and nitrogen uptake of caterpillars reared on
sub-optimal diets.
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Electrophysiological Responses of Steirastoma breve (Coleoptera: Cerambycidae) to
Volatiles Isolated from Branches of its Host Plant, Theobroma cacao
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The stem borer, Steirastoma breve, is one of the most important insect pests in Neotropical
cocoa plantations. Larvae and adults cause severe damages in stems and branches of
infested plants'. In preliminary olfactory bioassays, we have tested the attractiveness toward
branches of Theobroma cacao under field and laboratory conditions? and we confirm the
importance of volatiles emitted by T. cacao in the chemical communication system of this
pest. In this work, we evaluate the electroantennographic responses of S. breve males and
females to odors released from branches of T. cacao. Volatile compounds were isolated
from branches that were cut from healthy plants of T. cacao using headspace analysis
combined with solid phase microextraction (HS-SPME). The optimal conditions to isolation
were: combined fiber (DVB/CX/PDMS), 30g of branches, 2 hours at 40°C and 10s as
desorption time. Eight peaks showing electrophysiological activity were determined by GC-
DEA using male and female antennae of S. breve adults. Three signals were exclusive
from males, only one from females and four signals for both sexes. Chromatographic-
electroantennographic peaks were identified by GC-MS and retention indexes. Commercial
compounds were tested by EAG and the dosis-response curves were determined, for each
compound and sex. 3-octanone and limonene showed significant differences compared with
the control (hexane) by both sexes. For males, we have also observed significant differences
comparing benzaldehyde and styrene against the control. However, significant differences
for the rest of identified compounds were not observed for both sexes. In conclusion, the
active volatiles profile used by this species seems to be different depending of the sex. The
kairomones emitted by branches of T.cacao could be constituted by these biological active
compounds. From all those, styrene, benzaldehyde, 3-octanone and limonene produce
response on antennae of S. breve males, while the two last compounds only in females.
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Monoterpene Emission from Pine Seedlings Subjected to Different Environmental
Conditions and Treatments Emulating Mountain Pine Beetle Attack

Lusebrink I', Evenden ML" and Erbilgin N2

" Department of Biological Sciences, University of Alberta, Edmonton, Canada
2 Department of Renewable Resources, University of Alberta, Edmonton, Canada

lusebrin@ualberta.ca

This study is part of an interdisciplinary project (www.thetriaproject.ca) that focuses on
the genomics of three interacting organisms: the mountain pine beetle (Dendroctonus
ponderosae), its host pine trees and its fungal associates (e.g. Grosmannia clavigera). The
chemical ecology of this interaction is examined in a functional genomics study, in which
the objectives are to determine the chemical and physiological responses of lodgepole pine
(Pinus contorta; historical host), jack pine (Pinus banksiana; potential host) and their hybrids
to different environmental conditions (water vs. no water) and treatments emulating beetle
attack. Gene expression of host chemical response to treatments will ultimately be linked
to beetle fitness. The current study was conducted to test the hypothesis that the release
of monoterpene volatiles from pine seedlings will vary with water regime and treatments:
control, mechanical wounding and inoculation with a spore solution of G. clavigera.
Lodgepole pine and jack pine seedlings were randomly assigned to environmental and
wounding treatments. Volatiles were collected at 6 time points over 6 weeks and analyzed
with gas chromatography. Further, physiological responses of seedlings to treatments,
such as photosynthesis rate, stomatal conductance and soil water content were monitored.
Phloem and needle samples were taken for future terpenoid and phenolic analyses. Future
studies will examine the influence of water regime and wounding treatments in mature trees
and their effect on upregulation of host response and subsequent beetle fitness in treated
trees.
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Gallisphere — the Headspace Surrounding the Gall: Characterization and Putative
Function
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Gall-formers manipulate and exploit the development, anatomy, morphology, physiology
and chemistry of their host plants. Inside the galls, the inducing insects benefit from an
improved nutrient supply and defense from natural enemies due to high levels of secondary
metabolites. The insects may even control the composition of metabolites among different
gall parts. Conspicuousness by color, size or shape is a common gall trait and thus galls
are often easy to detect in the canopy. This conspicuousness may serve as a signal for
potential natural enemies or herbivores (such as leaf chewers), indicating that the gall is
well defended and not palatable. Volatiles emitted by the galls may be part of this signaling
complex. We have studied the chemical components of the large, red coral-shaped galls
induced by the aphids Slavum wertheimae on Pistacia atlantica trees. In a replicated field
experiment, volatile organic compounds (VOC) were sampled from the headspaces of intact
and artificially damaged galls, leaves and fruits, using Super Q-filters attached to portable
air pumps. The emitted VOC were analyzed by GC-MS. In addition, direct defense levels
were determined as total tannin concentrations. We found that 1. Compared with leaves and
fruits, gall tissue contained higher concentrations of tannins and VOC. 2. Galls emitted more
monoterpenes compared to fruits and especially to leaves. 3. Artificial damage increased
the amounts of monoterpenes emitted to the gall headspace by two-fold. We show here
for the first time that galls create a ‘Gallisphere’ — headspace which is particularly rich in
monoterpenes that should emphasize its conspicuity in the canopy. The adaptive value of
the ‘gallisphere’ may be explained by the aposematic gall hypothesis: galls, well-protected
by secondary chemicals in the tissue, employ warning signals (shape, color and scent) to
deter potential enemies.
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“Lite Tobacco?” Glycoside “Sugar Substitutes” in Nicotiana attenuata Lead to
Thinner Caterpillars
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Diterpene glycosides (DTGs) comprise a large class of compounds consisting of a twenty-
carbon (diterpene) skeleton conjugated to one or more sugar groups. Some DTGs have
been shown to affect sugar metabolism in rats or to affect intestinal function in human cells™
2. Many Nicotiana species contain high levels of hydroxygeranlyllinalool (HGL-) DTGs in
their green tissue, on the order of milligrams per gram, and these are negatively correlated
with herbivore growth. We identified ten 16-hydroxygeranyllinalool diterpene glycosides
(HGL-DTGs) which are highly abundant (mg/g FM) in aboveground tissues of the wild
tobacco Nicotiana attenuata. HGL-DTGs differ in their sugar moieties and number of malonyl
groups attached to sugars (zero, one or two). Concentrations of mono- and dimalonylated
HGL-DTGs are highest in young and reproductive tissues but vary dynamically with plant
elicitation and tissue type. We identify malonylation as the key biosynthetic step regulated
by herbivore and jasmonate signaling using N. attenuata stable transformants impaired in
jasmonate production (IR/ox3) and perception (IRcoi), or production of the N. attenuata
hydroxyproline-rich glycopeptide systemin (NappHS, IRsys). We created inverted repeat
Naggpps stable transformants (N. attenuata geranylgeranyl diphosphate synthase,
IRggpps) to reduce precursors for the hydroxygeranyllinalool DTG skeleton, resulting in
reduced amounts of HGL-DTGs. Larvae of the specialist herbivore Manduca sexta grew
up to ten times as large on IRggpps as on wild-type (WT), consistent with previous results
from transient silencing of Naggpps®. IRggpps plants also received more damage from
generalist herbivores in N. attenuata’s native habitat. However, IRsys plants which have
reduced levels of malonylated HGL-DTGs are not more susceptible to herbivores*. The
apparent defensive value of malonylated compounds may reflect a role of malonylation in
transport rather than toxicity or deterrence.
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Localization of Terpenoid Accumulation in the Bark Tissues in Larix gmelinii var.
japonica, as a Chemical Defense of Conifers
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The primary function of tree bark is to protect its own tree body to plant pathogens,
herbivorous insects and mammals, physically and chemically. Healthy coniferous trees
with well-developed resin-duct system defense chemically against these natural enemies
using constitutive resins like standing armies, before epidemic outbreaks of pests occur.
The major components of the resins are terpenoids, but little is known about the way of their
accumulation in the bark tissues. In this study we investigated terpenoid accumulation in the
different tissues within the bark of Kurile larch, L. gmelinii var. japonica. The compositions
of main mono-, sesqui- and diterpenoids in secondary phloem (nearly i.e. “inner bark”) and
rhytidome (nearly i.e. “outer bark”) of the mature branch bark of L. gmelinii var. japonica
were analyzed by GC and GC-MS. We found that the terpenoid content in the rhytidome
tended to be higher than those in the secondary phloem. It is conceivable that throughout
the formation of scaly rhytidome of L. gmelinii var. japonica, the terpenoids, which are
biosynthesized and stored in internal secretory structures within the living secondary phloem,
are concentrated bit by bit in the rhytidome, as the outer part of the secondary phloem rich
in resins become dead after cutted off by periderm and then transferred into the rhytidome.
We will also discuss the implications of our findings for chemical defense tactics of conifers
on the basis of plant anatomy, physiology, and ecology.

This work is partly supported by a Grants-in-Aid for Scientific Research from Japan Society for the Promotion
of Science (No. 20580166).
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Plant Root Detection by Larvae of a Stone Fruit Borer
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The larvae of the flatheaded rootborer, Capnodis tenebrionis (Linné) (Coleoptera:
Buprestidae) develop in stone fruit (Prunus spp., Rosaceae) trees, feeding on the root
cortex. The eggs are laid in dry soil near the root collar of the host plant. The neonates can
locate a root from a distance of 60 cm. The present study aimed to study host recognition/
orientation by C. tenebrionis neonates and to identify cues guiding its behavior. Choice
bioassay was developed using sand arena. Three sources of cues which may guide the
movement toward the host roots were examined: (1) humidity, (2) fresh host plant sections
and (4) head space volatiles of roots, branches and leaves of plum tree (Prunus domestica).
Ten 24-hour old neonates were allowed to choose between 2-4 baits in the sand arena.
The neonates rapidly detected and oriented themselves to water, host roots and branches
and preferred host upon non host branches in choice tests. Older larval stages seem
to lack these capabilities. Head space collected volatiles from branches and roots were
highly attractive to the neonates, while those of the leaves were less attractive. Among the
branch volatile compounds that were identified, B-caryophyllene and p-cymene were the
most behaviorally active. However, the attractiveness of these compounds was significantly
lower than that of the crude volatile extract. Addition of water to the volatiles increases the
attractiveness of the lure. We speculate that neonates maybe guided from the dry hatching
spot towards the root site by humidity as a long range cue, and at close range by the host
volatiles.
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Do Predatory Arthropods Perceive and Respond to Individual Herbivore
Induced Plant Volatiles or Do they Instead Respond to the Mixture as a
Whole?
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Phytoseiulus persimilis is a predatory mite that predominately feeds on the two-spotted
spider mite Tetranychus urticae. Plants that are infested by T. urticae produce herbivore
induced plant volatiles (HIPV) and thereby alter the odour they emit. The blind predatory
mites exploit this source of chemical information to find spider-mite-infested plants. To
explain why predatory mites are attracted to the odour of spider-mite- infested plants we
will explore two hypnotises that make different assumptions as to how odours are perceived
by the mites. If the mites are able to detect each of the components in an odour mixture
the attraction to spider-mite-infested plants could result from the attraction to specific
compounds in the odour mixture produced by these plants. Under this hypothesis specific
compounds convey a specific message from the plant to the mite. Alternatively, the mites
may not possess the ability to detect specific compounds in odour mixtures and perceive
the odour rather as a perceptual or synthetic whole. Under this hypothesis the attraction of
predatory mites could result from the mite’s ability to generalize from odours that have been
experienced in association with spider mites to the odour of a not yet experienced spider-
mite-infested plant. Hence when olfaction is synthetic, the presence of specific compounds
in the headspace of a plant cannot have an a priori meaning to the predatory mites. The
attraction of predatory mites rather depends on the perceptual similarity of spider-mite-
infested plant odours.
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Back to Beginning: Studying Jasmonate Signaling in Pteridium aquilinum
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Plants employ volatile organic compounds (VOCs) as an indirect defence strategy to attract
predators of the herbivores. In higher plants, VOCs emission is controlled via the octadecanoid
pathway, in which jasmonic acid (JA) plays a key role. Although basic knowledge about
regulation of VOCs is known from higher plants, fundamental questions such as those
on the evolutionary origin of this trait remain unresolved. Phylogenetically ancient plants
like the ferns provide the unique opportunity to focus on such questions. In the present
study, we investigated the role of JA in VOCs emission of bracken (Pteridium aquillinum
L., Dennstaediaceae) and compared our findings to a well-known higher plant Phaseolus
lunatus (Lima bean). Bracken responded to exogenous JA application by emitting de-novo
synthesized VOCs (mainly terpenoids) similar to Lima bean. Coronalon, a structural mimic
of JA and channel-forming peptide alamethicin elicited volatile responses similar to JA in
both Lima bean and bracken. Studies with three other fern species also showed similar
VOCs response to JA treatment. In contrast to Lima bean, in which herbivory induces the
emission of terpenoids, simple mechanical damage or feeding by herbivores on bracken
elicited the emission of green-leaf volatiles and cell-wall derived compounds only. In
addition, feeding by both generalist and specialist herbivores led to only marginal, but rapid
increase in endogenous JA levels, suggesting the presence of a JA pool in bracken, which
was further confirmed by hydrolysis experiments. In summary, although bracken responds
to JAtreatment similar to higher plants, wounding elicited a qualitatively different VOC blend
in this fern, thereby suggesting that the signalling pathways involved in these responses
differ from those found in higher plants. Experiments are in progress to test whether VOCs
originated primarily as a direct defence against microbial or fungal pathogens and only later
evolved into an indirect defence mechanism.
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Chemical and Morphological Diversity of the Invasive Herbaceous Plant Common
Tansy (Tanacetum vulgare L., Asteraceae)
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Common tansy (Tanacetum vulgare L., Asteraceae) is a strongly aromatic, perennial
herbaceous plant of Eurasian origin, which is invasive in Canada and Northern USA. This
species is characterised by essential oils mainly consisting of mono- and sesquiterpenes
such as 1,8-cineole, a- and B-thujone, camphor, borneol, germacrene D and others. The
qualitative and quantitative composition of these essential oil components varies highly
between individuals. Therefore, different chemotypes can be defined. To investigate the
chemotype occurrence of T. vulgare of different origin and the relationship to morphological
traits, seed samples of 13 European and 9 North American populations were collected.
These seeds were grown in a common garden experiment to exclude different environmental
influences. Terpene profile, trichome density, C/N ratio and dry matter content of four- to
five-week old seedlings were investigated. Furthermore, several growth parameters were
recorded from 3.5 month old plants. The chemotypes and morphological traits were found
to be highly diverse between, as well as within different T. vulgare populations. Differences
in chemotype and morphology and their correlation will be discussed.
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Feeding Stimulant of the Pepper and Tomato Varieties against Biotype B and Q of
Sweetpotato Whitefly, Bemisia tabaci (Homoptera: Aleyrodidae)
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Biotype B and Q of Sweetpotato whitefly, Bemisia tabaci (Homoptera: Aleyrodidae) were
normally developed in all tested seven tomato varieties. However, biotype B did not grow
in eight red pepper varieties. Rokkusanmaru variety of tomato and Cheongpungdaegun
variety of red pepper show the highest susceptibility against biotype B and Q of sweetpotato
whitefly and analyzed their compounds using HPLC (ELSD Detector) to search the feeding
stimulant. The result was proved these sugar such as erythritol, xylose, xylitol, fructose,
glucose, mannitol, and sucrose was contained at red pepper varieties; erythritol, xylose,
fructose, glucose, and mannitol was contained at tomato variety. Especially, xylitol and
sucrose existing in the red pepper did not present in tomato varieties. Subsequent bioassay
with these two sugars, sucrose did not show significant difference between two biotypes;
however, xylitol was showed only repellent effect against biotype B. Therefore, it seems
that xylitol is a play key role in the host choice of B biotype of sweetpotato whitefly.
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Attraction Behavior of Pine Sawyer Beetle, Monochamus saltuarius Gebler
(Coleoptera: Cerambycidae) to the Volatiles of Pinus koraiensis
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Recently, the pine sawyer beetle Monochamus saltuarius has been proved as a vector of
pinewood nematode, Bursaphelenchus xylophilus in South Korea. This pest causes serious
concern that widely distributed in the middle of South Korea and most likely to spread rapidly.
To understand their ecological behavior, the attraction behavior of the pine sawyer beetle
was tested in the volatile samples of Pinus koraiensis by emitting different host condition. The
olfactory response of the immature (0~3 days old after emergence) adults of M. saltuarius
preferred the volatiles from the fresh host condition (fresh twigs, artificial damaged twigs),
whereas the mature (20~30 days old) adults preferred the volatiles from the stressed host
condition (twigs infested by male and female, old twigs that were artificially damaged). In
the GC and GC/MS analyses, contrary to the samples from the fresh host condition having
monoterpene volatiles only, the samples from the stressed host condition were revealed to
have more volatiles of oxygenated monoterpenes and sesquiterpenes. The attraction assay
of M. saltuarius adults to the volatile mixtures of monoterpenes, oxygenated monoterpene,
and sesquiterpene appeared to be efficient when the oxygenated monoterpene mixture was
necessarily treated with monoterpene mixtures.
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Oviposition Behaviour in Spodoptera littoralis and Plant Cues Involved
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Selection of a suitable site for oviposition is critical for the survival of offspring in phytophagous
insects. Ovipositing females orient towards the host plant using volatile chemical cues. After
landing, assessment of leaf surface involves also contact stimuli'. Herbivore feeding induces
chemical defence responses in plants and the release of volatiles. These compounds may
attract natural enemies and function as indirect defence, but they can also affect herbivore
behavior. It has been shown that cotton plants, Gossypium hirsutum L., either became
more attractive or more repellent to ovipositing insects after herbivore damage, depending
on the age of the plant?. We investigated how odours from damaged and undamaged cotton
plants influence the oviposition behaviour of the cotton leaf worm Spodoptera littoralis
(Lepidoptera: Noctuidae). All experiments were performed in the green house cages. In
order to observe a clear impact of odours on gravid females during the selection of suitable
site for oviposition, abiotic factors (humidity, light and temperature) were kept constant in
the green house chamber during all experiments. The results demonstrate the influence
of volatile compounds, in addition to non-volatile compounds on S. littoralis oviposition
behaviour.
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GC-EAD Responses of Tomato Leafminer Liriomyza bryoniae (Diptera, Agromyzidae)
Females to Tomato Headspace Volatiles
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The most important pests among leafmining agromyzids are polyphagous species, and
many of those belong to genus Liriomyza. The leafmining fly Liriomyza bryoniae (Kaltenbach,
1858) (Diptera, Agromyzidae) as well as many other species within the genus Liriomyza
is economically important due to their leafmining activity, as plethora of agricultural and
ornamental plants are damaged. Headspace collection from tomato plants was analyzed
by GC-EAD. Seven volatile compounds in the headspace collection consistently elicited
significant EAD responses in antennae of female L. bryoniae. Among them, there were
volatiles abundant in the blend collected, but the most of the active compounds were present
in relatively low amounts. Two compounds of 7 volatiles were identified as (Z)-3-hexenol and
methyl salicylate. Behavioral test under field conditions revealed that methyl salicylate was
attractive for L. bryoniae flies'. When MeSa was tested in Y-tube olfactometer differences
in responses among the sexes were observed. Only L. bryoniae females statistically
significantly preferred the airflow with MeSa (the odor was 1,5 ml plastic vial supplied with
0.5 ml of tested compound and slightly plugged with cotton wool) compared to the pure
airflow (control). Males did not show preference to any of the two (with MeSa or without
MeSa) airflows. C, green leaf volatiles, i.e. 2-hexenal, 3-hexen-1-ol, 2-hexen-1-ol, 3-hexenyl
acetate are known as attractants for closely related species Liriomyza sativae?. If (Z)-3-
hexenol possess similar biological activity towards L. bryoniae remains to be investigated.
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Analysis of Phospholipid Molecular Species in the Silkworm (Bombyx mori) by
LCMS-IT-TOF
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Phospholipids are a major component of membrane and exhibit great diversity in the
structure of the apolar and the polar moieties of the lipid molecules. They are distributed
unevenly in the organ and display chracterisitic phospholipid compositions. Phospholipids
perform various functions in the cells and tissues of the body such as natural surfactants,
signaling molecules, and antioxidants. The different pattern can be regarded as an
adaptation to external and internal cell enviroment. In this study, we analyzed phospholipid
composition in various organs of silkworm, Bombyx mori by TLC and LCMS-IT-TOF. As a
result, we found the ratio of plasmalogen phosphatidylethanolamine (PPE) to phospholipids
was higher in the gut and peritrophic membrane compared to that in other organs and
tissues. Plasmalogens are a unique subclass of glycerophospholipids characterized by
the presence of a vinyl ether at the sn-1 position of the glycerol backbone, whereas usual
PE has an ester bond at the same position. PPE was suggested to be synthesized by larvae
since plasmalogen was not detected in the larval diet. PPE has peroxyl radical scavenging
property and protects unsaturated phospholipids from oxidation. Midgut tissues suffer from
oxidative stress associated with phenolic oxidation in midgut lumen when caterpillars ingest
phenolics, known as defense chemicals in plants. PPE may protect gut membrane against
oxidative stress.
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Female Spodoptera littoralis
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With their contact chemoreceptors insects detect and respond to different taste stimuli,
which are used when accepting, or rejecting food, mates, or oviposition sites. We have
studied how gustatory sensilla on the tarsi of the moth Spodoptera littoralis detect different
taste stimuli. We have found that on the fifth tarsomere of each of the three pairs of legs
there are 13-16 pairs of gustatory sensilla. These sensilla are differentiated into two
different morphological types, a and b, based on differences in the structure of their tips and
basal sockets. In order to study the functional characteristics of these types of sensilla we
recorded the physiological responses of these sensilla to salts (KCI,NaCl), sugars (sucrose,
fructose, glucose) and a bitter substance (caffeine) using the tip recording technique. The
response patterns of the gustatory receptor neurons (GRNs) in the sensilla suggest that the
moth is able to discriminate between the different tastants. In most cases, stimuli elicited a
tonic response in the GRNs. However, phasic tonic responses were observed in response
to fructose and caffeine in some sensilla. In order to illustrate the basic morphology of the
central neuropil involved in the first stages of taste processing in the thoracic ganglia we
addressed 2 different questions: (1) where do chemosensory neurons from the different tarsi
send their central projections, (2) how do these sensory neurons segregate in the central
nervous system. We have done mass backfilling of the three pairs of legs using neurobiotin.
We were able to discriminate at least 4 different glomerular neuropil in each thoracic
ganglion where all afferents coming from one leg project in. These different structures may
reveal a functional segregation of different GRNs categories in the central nervous system.
Further work is being done to get more details about anatomical organization of the different
GRNs found on the fifth tarsomere via functional single sensillum backfilling with a suitable
neuromarker.
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AAH from Insect Gut Bacterium Microbacterium arborescens: Crystal
Structure, Peroxidase Properties and Regulation

Biichler R', Zeth K2, Pesek J', Boland W'
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In the gut of Spodoptera exigua, the bacterium Microbacterium arborescens has to resist
special environmental conditions. While the bacterium needs a certain amount of iron, too
much is toxic and forms reactive oxygen species (ROS) via the Fenton reaction. Further,
ROS are synthesized by the NADPH oxidase enzyme dDuox in Drosophila epithelial
cells’. Against these effects bacteria express Dps proteins (DNA protecting proteins under
starvation) which stores excessive iron in the center of its dodecameric protein sphere and
detoxify ROS. Beside its typical Dps function this AAH (amino acid hydrolase) called protein
of Microbacterium arborescens exhibits a very special ability: It hydrolyzes and synthesizes
N-acyl glutamines?. These compounds occur in the foregut and regurgitant of herbivorous
larvae and are known inducers of indirect defense cascades in some plants. The protein
was crystallized and structurally dissolved to a resolution of 2 A with one dodecamer in the
asymmetric unit at endogenous iron content. The overall structure of the isolated wild type
enzyme shows a single iron atom positioned at the ferroxidase centers and coordinated by
oxygen and water in an asymmetric conformation. Biochemically the iron content of this
enzyme under wild type conditions varies between 11 and 197 per dodecameric complex.
The protein shows catalase activity with a k,, of 4.8 mmol I'. Further the question about the
regulation of the AAH enzyme was addressed. It was shown that there is no influence by
oxidative and temperature stress but iron excess induces the production of the protein. In
contrast to this, deficiency of iron inhibits the production of AAH.

References
1. Ha et al., Science (2005) 310, 847-850
2. Ping et al., Environmental Microbiology (2007) 9, 1572-1583
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Insect Biocontrol Strategies Involving Semiochemicals: Synthesis to Product
Development

Chauhan KR
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Semiochemicals are one of the most important classes of compound indigenous to plant
and insects. In our laboratory we have evaluated different class of chiral chemicals utilized
in insect chemical signals and their efficacy were evaluated in the field studies to attract
different species of lacewings for biocontrol of aphids and other soft body insects. Our
approach towards formulation of effective and long lasting semiochemical involves protected
form of natural products and plant volatiles.
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Spinosad Effects on Chemically Mediated Behaviours in Blatella germanica.
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Spinosad are new insecticides, fermentation-derived from a soil-dwelling bacterium
Saccharopolyspora spinosa, used to control a variety of insects. These insecticides combine
the efficacy of a synthetic insecticide with the benefits of a biological pest control organism.
It is known to kill susceptible insects within 1 to 2 days after ingesting, by overexciting the
insect nervous system. Other physiological effects of this insecticide are not documented.
We used a sub-lethal dose of spinosad to treat Blattella germanica adults and we observed
the subsequent consequences on both the cockroach cuticular profile and their aggregative
and sexual behaviours.

This work was funded by the EGIDE / CMEP Tassili. Project PHC 09mdu758 “InsecTox”.
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Modification of Aphid Behaviour with Natural Monoterpenoids

Gabrys B', Dancewicz K', Sznajder K', Rowinska E', Kordan B?
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Terpenes are chemicals of considerable biological activity, widely distributed in nature. The
terpene molecules, of cyclicoracyclic structure, consist of joined isoprene units (monoterpene:
n = 2). The effect of acyclic (citral, linalool), monocyclic (p-cymene, a-ionone, -ionone,
S-limonene, R-limonene, S-pulegone, R-pulegone, a-terpineol) and bicyclic (camphene,
B-pinene) monoterpenes on the behaviour of the peach potato aphid Myzus persicae (Sulz.)
was studied by direct observation and electronic registration of stylet penetration (EPG).
Citral and linalool had repellent activity, which was manifested in the significant decrease in
time spent on leaves, decrease in total and mean time of penetration, and reduced number
of probes as compared to control. Citral, linalool, S-limonene, a-ionone, and camphene were
feeding deterrents and reduced the total and mean probing time of aphids and their settling
on the leaves. There was a difference in activity between the isomers of a given compound:
a-ionone was more active than -ionone, R-pulegone was more active than S-pulegone,
and S-limonene was more active than R-limonene. A strong — lasting for 24 hours — feeding
deterrent activity was exhibited by the following monoterpenes: citral, linalool, S-limonene,
a-ionone, and camphene. The feeding deterrent activity of R-limonene, p-cymene, and
B-pinene lasted less than 24 hours. B-lonone and R-pulegone were active after 1 hour.
S-pulegone and o-terpineol had a very weak deterrent activity to M. persicae.

This work was supported by the State Committee for Scientific Research; Grant N N310 146835.
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Terpenoids and Flavonoids of European Larch Larix decidua Mill. as Defense
Chemicals against Larch Wooly Adelgid Adelges laricis (Vallot)

Gabrys B', Dancewicz K', Rowiniska E' Gotawska S2, Szumny A®
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Adelgids (Hemiptera: Aphidoidea: Adelgidae) form a small group of 70 described species
that occur in boreal and temperate environments of Northern Hemisphere. Adelgids are
cyclically parthenogenetic and exhibit multigeneration complex life cycles. Adelgidae are
highly host specific and they feed only on certain genera in the Pinaceae. Larch wooly
adelgid Adelges laricis (Vallot) is holocyclic and alternates between spruce Picea spp.
(primary host) and larch Larix decidua Mill. (secondary host). On spruce, A. laricis causes
the development of cone-shaped galls. After overwintering, larch wooly adelgid migrate to
larch trees where they feed on needles through late autumn. In our study, we compared
the terpenoid and flavonoid profile of larch needles of trees infested and not infested with
adelgids. The terpenoid fraction consisted of 31 different compounds. We found that adelgids
avoided trees that contained considerable amount of isobornyl acetate in comparison to the
trees that were accepted. In flavonoid fraction we found three compounds. There were no
significant differences in absolute and relative concentration of individual compounds in
infested and not infested trees.
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Antimicrobial Defence of the Invasive Multicolored Ladybird Harmonia axyridis in
Comparison to the Native Coccinella septempunctata

Gross J, Just J., Wetzel S
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The multicoloured ladybird beetle Harmonia axyridis (Coleoptera: Coccinellidae) is a
polyphagous predatory beetle native to Central and Eastern Asia. It has been widely used
as a biological control agent of aphids in America and Europe, in greenhouses as well as
in field crops. Since 2007 it has established all over Central Europe and is widespread in
Germany. Roy et al.' showed that adult H. axyridis were less affected by an infection with
the entomathogenic fungus Beauveria bassiana than the native European species Adalia
bipunctata and Coccinella septempunctata. Antimicrobial defence of beetles can be exerted
by either innate immune system or volatile fumigants?. In order to elucidate which defence
strategy is responsible for the disease resistance, we tested both the hemolymph and main
components collected from headspace of H. axyridis for their antimicrobial activities. While
some main headspace components like pinene or limonene weakly influenced the growth
of microorganisms, the hemolymph of both adults and larvae of H. axyridis strongly inhibited
the growth of the bacteria Escherichia coli and Micrococcus luteus as well as the yeast
Saccharomyces cerevisiae, compared to C. septempunctata specimens. In contrast to the
native species, the strong antimicrobial activity was even present without a prior contact
of H. axyridis to microorganisms, which induces the humoral immune defence in native
coccinellids.

References
1. Roy et al. (2007) BioControl 53: 265-276.
2. Gross et al. (2008) J Chem Ecol 34: 179-188
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FT-IR and MALDI-TOF Imaging of Leaf Epicutilular Wax in Medicago truncatula
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Epicuticular waxes, exposed at the outermost surface of plant, are not simple physical
permeability barrier, but play crucial roles in interaction with environment, protect against UV
radiation, prevent invasion of pathogenes and excessive lost of water. Mechanical damage
and herbivore feeding elicit defense responses in Medicago truncatula, including the
emission of terpenoids’. In contrast, the contribution of epicuticular waxes during this event
is poorly investigated. Therefore, we present spatial distribution of cuticular wax components
for the leaves of M. truncatula after continuous mechanical damage with MecWorm; a
computer controlled robotic caterpillar. Acombination of GC-MS, FT-IR microspectroscopy-,
MALDI-TOF imaging were employed to characterize content and distribution of epicuticular
waxes cryo-adhesively separated? from adaxial side of mechanically damaged leaves. An
in situ MALDI-TOF measurements using Li"-DHB matrix® was performed. For both imaging
technique the rectangular aperture was set at 30 x 30 um? and raster pattern in increments
of 10 um. The spectra recorded were analysed to construct both FT-IR and MALDI-TOF
images, using Opus (Bruker) and BioMap (Novartis) software. The difference spectrum
was subtracted from selected FT-IR image area, and thus enabled the further assignment
of higher concentration of fatty acids around wounded area. Accordingly, stronger peaks
at 2900 cm, 1700 cm™ and 1000 cm™ had previously been recorded as characteristic
stretches*, of very long chain alkanes and fatty acid were observed. MALDI-TOF image of
the adaxial surface showed that tetradecanoic acid (m/z 228.4) and tetracosanoic acid (m/z
368.6) accumulate over the periclinal regions of the healed area compared to non-wounded
M. truncatula leaves. Other long chain aliphatic constituents are distributed evenly across
the entire adaxial surface. Thus, epicuticular waxes contribute to the mechanically-damaged
wound healing. The capability of above imaging technique for the in situ investigation of
wax distribution triggered by mechanical damage is discussed.

References
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4. Appl Spectrosc (2007) 61:32-37

| Hi ‘ Poster 3-9



poster session 3

EST Mining For Fragrance-Related Genes in Silene (Caryophyllaceae) and
Gymnadenia (Orchidaceae)
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" Institute of Systematic Botany, University of Zurich, Zurich, Switzerland
2 Institute of Integrative Biology, Swiss Federal Institute of Technology, Zurich, Switzerland
3 Department of Molecular, Cellular and Developmental Biology, University of Michigan, Ann Arbor,
USA

alok.gupta@systbot.uzh.ch

Our study is focused on two sister species of Silene (S. latifolia & S. diocia) and Gymnadenia
(G. odoratissima and G. conopsea). These closely related sister species pairs differ in their
odor composition and pollinator assemblage. Main questions of our research project are: (i)
whatis the molecular basis of key floral scent compounds produced in Silene and Gymnadenia
species? (ii) what are the evolutionary patterns of key scent-related genes and what will be
the consequences of selection of such genes? In order to obtain an understanding of the
genes expressed in floral parts, we have produced a number of standard (flower specific)
and suppression subtractive hybridization (flower vs. leaf; night flower vs. day flower) cDNA
libraries in S. latifolia and G. odoratissima. A total of 2,659 (G. odoratissima) & 2,489 (S.
latifolia ) cleaned vector sequence clipped sequences were obtained and assembled into
1030 (G. odoratissima) & 932 (S. latifolia ) tentatively unique genes (TUGs). Of these
total TUGSs, only 655 & 813 TUGs showed significant similarities with publically available
non-redundant protein database (NCBI) in G. odoratissima and S. latifolia respectively.
The analysis of these EST collections allowed us to indentify several important genes
including fourteen key candidate scent-related genes in both the species. These partial
gene fragments were also further used to isolate 7 full-length cDNA sequences in our focal
species. Thus, the EST resource developed here should serve as a valuable resource for
floral research scientific communities. The poster will outline results from comparative EST
sequence analysis, gene ontology (GO) classification and functional characterization of key
scent-related genes.
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Application of Wood Vinegar as a Wood Preservative against Fungi

Hong J, Jung M, Kwon H
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Korea has a lot of wooden cultural heritages, which are likely to be contaminated by
microorganism, especially fungi. They damage and transfigure the wooden cultural heritages
by degrading lignin and cellulose which are the main components of wood. So we should
conserve from fungi and develop the preservative to keep the original shape. Recently,
wood vinegar is thought of the possible agent as one of the medicine about fungi. However,
there is no information on the wood vinegar effects against fungi deteriorating wooden
cultural heritages. So we examined possibility of wood vinegars as wood preservative
against fungi. 13 fungi tested in this study were provided from Korean Agricultural culture
collection (KACC) and isolated from janggyeong Panjeon (UNESCO world heritage). And
Pinus densiflora and Zelkova serrata the wooden cultural heritages in Korea take up mostly
were used for antifungal activity. The used wood vinegar (oak type) was concentrated with
the rotary vacuum condenser and fractionated by dichloromethane, ethylacetate, butanol.
Antifungal activities of wood vinegar were examined by a disc diffusion method in PDA
and ASTM method in sapwood specimens of 2 trees. As the result, dichloromethane
fraction showed the highest effect at the concentration of 5.0 mg/disc. And it got inhibitory
effect in sapwood of two wood specimens at 0.1g/MI concentration rate. Especially, Fungi
were completely inhibited on Pinus densiflora but Zelkova serrata showed the slight
growth of mold. It seemed to be more susceptible than Pinus densiflora against fungi. In
conclusion, wood vinegar mostly showed high antifungal activity against fungi and among
three fractions, the dichloromethane fraction inhibited strongly on C. cladosporioides, A.
versicolor, P. chrysogenum (KACC42216). Thus, we think wood vinegar is a possible agent
as a preservative against fungi and an effective material on growth inhibition of even wood
specimens treated by fungi.
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Bee Moth Aphomia Sociella and Scent of Host Bumblebee Nest
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Aphomia sociella (Lepidoptera, Pyralidae, Galeriinae) is one of the most important parasites
of bumblebees. The larvae attack the nests, destroy the brood combs, eat food storages
and host offspring. Contrary to majority of lepidopteran species, A. sociella premating
behavior is initiated by males that emit sex pheromone from wing glands'. We identified
the composition of A. sociella sex pheromone recently?, but place of mating behavior and
the way of nest infestation are not known. We observed that it takes just a few days for
the moths to find a bumblebee nest. Thus, the nest scent may be a chemical cue. Here
we report data on the nature of attracting chemical signals guiding A. sociella moths to
the host nest. Volatiles from B. terrestris nests were collected in laboratory using dynamic
head space technique. Samples were analyzed using GC-EAD and GCxGC-MS. Analyses
revealed 7 antennally active compounds in the collected samples.

Financial support by the Ministry of Education of the Czech Republic (#2B06007) is gratefully acknowledged.
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Insecticidal Activity of Wood Vinegar against Lasioderma serricorne, Fabricius
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The wood vinegar (Quercus) traditionally known as effective insecticide was screened for
the insecticidal activity against Lasioderma serricorne, Fabricius deteriorating the wooden
cultural heritage widely in Korea. The insecticidal activity against L. serricorne F. adults was
examined by the fumigation method in the filter paper (70 mm) applied to 250 pl of the crude
wood vinegar and the fractions divided into the dichrolomethane, ethyl acetate and n-butanol
respectively with different concentration rate. Experiment was carried out and kept in 28°C,
70% condition. Morality and knockdown of cigarette insects were counted for 72hours after
treatment. As the result of this study, cigarette insects treated by the dichrolomethane
fraction compared with other fractions got highest morality. And they showed slowest activity
in spite of the survival condition. By contrast, n-butanol fraction showed the lowest morality
and even nearly same condition as the control treatment. All fractions except the control
treatment exhibited the sharp morality in 3hours and fumigant treatment in more than 2days
showed no effect by fumigant treatment. These results showed that dichloromethane fraction
of wood vinegar presented possibilities as preservative for conservation of wooden cultural
heritage against biological deterioration by insects, especially Lasioderma serricorne,
Fabricius. Thus, we have plan to develop the preservative made from the wood vinegar,
especially dichloromethane fraction and investigate the fumigant effect widely on other
insects. Throughout the result, we think that the treated wooden cultural heritages would
get fast effect for short time if we apply to fumigant treatment in wooden cultural heritages
for conservation against the cigarette insects.
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Volatiles Emitted by Serratia odorifera 4Rx13

Kai M, Piechulla, B
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marcokai@hotmail.de

Some bacteria produce rich volatile — spectra, e.g. Streptomyces spp., Bacillus spp.,
Myxococcus spp.. Previous studies demonstrated that Serratia odorifera is also able to
release an opulent range of volatiles" 2. The role of such volatile emissions is still not well
understood. The volatiles of S. odorifera were shown to suppress the growth of the plants
Arabidopsis thaliana and Physcomitrella patens as well as fungi including phytopathogenic
strains (Rhizoctonia solani, Sclerotinia sclerotiorum). The volatile emission profile of S.
odorifera was now investigated in more detail. Altogether 73 compounds could be detected;
a maximum of emission of both, the quality and quantity of compounds was reached in the
early stationary phase. The distribution of volatiles in the different growth intervals was very
similar. The typical alkylpyrazines released as main components of a specific S. odorifera
strain? was not present in the volatile profile of S. odorifera isolate 4Rx13. The latter, however
emits dimethylpyrazine, and furthermore dimethyldisulfide (DMDS), dimethyltrisulfide,
2-phenylethanol at higher levels and “Sodorifen” (a newly identified compound) is the main
compound and contributes with ca. 45% to the total amount of volatiles. In assays DMDS
exhibits antagonistic effects to A. thaliana and to some fungi (IC50: 20 umol). Additionally,
inorganic volatiles, e.g. NH, and CO, were also released from S. odorifera 4Rx13.
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Fat Body Studies of Bombus terrestris Queens in Various Life Phases
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Bumblebees are important pollinators. Their queens are characterized by their longevity
and ability to hibernate’. In insects, the major tissue for intermediary metabolism and
storage of nutrients is the fat body. As to bumblebee’s males, triacylglycerols (TAGs) could
be precursors of aliphatic compounds in the marking pheromone?. After eclosion, the fat
body of bumblebees is developed and reserves of fat and glycogen are accumulated?.
As our recent research shows, the amount of TAGs and their profiles are caste-specific.
Moreover, some inter-caste qualitative differences were observed as well, but some
individual differences exist. Therefore, we focused on analyzing bumblebee queens’ fat
bodies of various life phases. We did parallel assays of glycogen and neutral lipids of
Bombus terrestris queens after eclosion, before hibernation, and after hibernation with
20 samples within each category. Then we extracted TAGs from 5 individuals from each
category and we measured their TAG profiles by LC-MS. The ultrastructure of the fat body
was studied in all three life phases. The results show that the queens after eclosion have
minimum of glycogen, namely 0.1 mg per individual, and in average 11 mg of neutral lipids.
The queens before hibernation have about 2.29 mg of glycogen and 35 mg of neutral lipids
per individual. The queens after hibernation have about 2.33 mg of glycogen and 6 mg of
neutral lipids per individual. These results correspond with the image analysis of the TEM
photographs.
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Modifications of the Chemical profile of Hosts after Parasitism Allow Parasitoid
Females to Assess the Time Elapsed since the First Attack
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In solitary parasitoids, only one adult can emerge from a given host. When several eggs
are laid on the same host, supernumerary individuals are eliminated by lethal larval fights.
In the solitary parasitoid Anisopteromalus calandrae, the probability a second larva win the
fight strongly depends on the time elapsed since the first oviposition'. The most the first egg
is old at the moment at the second egg is laid, the less the second egg have chance to win
the competition. As a consequence, females of this species lay preferentially their eggs on
recently parasitized hosts rather than on hosts parasitized by an egg about to hatch'. A.
calandrae females parasite bruchid larvae located into cowpea seeds. In a series of choice
test experiments using an artificial seed system, we demonstrated that the cue perceived
by parasitoid females allowing them to discriminate hosts parasitized for different times is
not brought by the seed nor by the egg previously laid but by the host. Moreover, pentane
extracts of bruchid larvae elicited the same response than hosts themselves. This cue is
perceived at short range distance, indicating that chemicals involved in this discrimination
are probably partly volatile. Chemical analyses of pentane extracts show differences in the
cuticular profiles of hosts after parasitism which evolve with time. These differences could
thus be at the origin of the discrimination by parasitoid females.
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A Chemical Signal of Offspring Quality Affects Maternal Care in a Social Insect
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Begging signals of offspring are condition-dependent cues that are usually predicted to
display information about the short-term need (i.e., hunger) to which parents respond by
allocating more food. However, recent models and experiments revealed that parents,
depending on the species and context, may respond to signals of quality (i.e., offspring
reproductive value) rather than need. Despite the critical importance of this distinction
for life-history and conflict resolution theory, there is still limited knowledge of alternative
functions of offspring signals. In this study, we investigated the communication between
offspring and caring females of the common earwig, Forficula auricularia, hypothesizing
that offspring chemical cues display information about nutritional condition to which females
respond in terms of maternal food provisioning. Consistent with the prediction for a signal
of quality we found that mothers exposed to chemical cues from well-fed nymphs foraged
significantly more and allocated food to more nymphs compared to females exposed to
solvent (control) or chemical cues from poorly fed nymphs. Chemical analysis revealed
significant differences in the relative quantities of specific cuticular hydrocarbon compounds
between treatments. To our knowledge, this study demonstrates for the first time that an
offspring chemical signal reflects nutritional quality and influences maternal care.
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The silverleaf whitefly (SLWF), Bemisia tabaci biotype B, is one of the most prevalent
insect pests found attacking poinsettias (Euphorbia pulcherrima, Euphorbiaceae), USA's
top selling potted ornamental. This project is the first one to evaluate the impact of physical
and chemical resistance traits in economically relevant poinsettia cultivars and how these
traits affect SLWF. Preliminary data showed that dark green leaf cultivars appeared to be
more resistant and less preferred by the SLWF than light green leaf cultivars. Based on
this evidence, two cultivars, one resistant (dark green leaf), and one susceptible (light
green leaf), were chosen to evaluate and compare particular physical and chemical traits.
The purpose of this part of the study is to elucidate the role of phenolic compounds, as a
possible chemical trait associated with resistance. Research in a similar system, cassava
(Manihot esculenta, Euphorbiaceae) with mealybugs (Phenacoccus manihoti), has shown a
correlation between phenolics present in the phloem sap and antibiotic resistance’. Phenolic
compounds have been detected in phloem sap of poinsettias?, but characterization and
concentration of such compounds has not been reported. To evaluate plant resistance
effects on SLWF we will measure survivorship and fecundity of F1 SLWF between the
selected varieties. Additionally, physical mechanisms of resistance were investigated. From
our studies we have shown that visual cues are strongly associated with preferential adult
SLWEF settling and oviposition, significantly contributing to the higher susceptibility of light
green leaf cultivars. Among the physical traits we have found associated with this visual
preference are chlorophyll content and leaf thickness, since the susceptible cultivar has
significantly less chlorophyll content and thinner leaves compared to the resistant poinsettia
cultivar. Trichome density was evaluated but no significant differences were observed. The
applications for integrated pest management arising from this study will be discussed.
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Thirteen plant essential oils were tested for their repellent activity against the bean bug
Riptortus clavatus. Among the tested oils, caraway (100%) and clove bud oil (92%)
significantly repelled the bean bugs at a dose of 0.142 ul/cm?by using a Y-tube olfactometer.
GC and GC-MS analyses revealed that the active components responsible for the effective
repellency of caraway and clove bud oil were carvone (75%) and limonene (76.9%);
eugenol (100%), isoeugenol (54.3%) and B-caryophyllene (60.0%), respectively. Of the
different active fractions, eugenol was the most significant one than the other components
with reference to repellent activity against the bean bugs. In the GC-EAD, the antenna of
Riptortus clavatus was responded to the volatile of limonene and carvone of caraway oil
and eugenol and B-caryophyllene of clove bud.
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Feeding Stimulant against Adult of Pine Sawyer beetle, Monochamus saltuarius
Gebler (Coleoptera: Cerambycidae)
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Pine sawyer beetle, Monochamus saltuarius preferred the current twig than one-year and
two-year twig during the feeding. It means that the current twig is appropriate to lengthen
the lifespan and to increase the reproduction of this insect. In a bioassay after fractionated
the hexane layer from the water layer, the hexane layer did not show feeding response;
however, the water layer was preferred in order of current twig > one-year twig > two-
year twig. From the analysis of sugar by HPLC, we identified three kinds of sugar, namely,
fructose, sucrose, glucose. The quantity of fructose was the highest in current twig and
next order was one-year twig > two-year twig. In the preference test using each standard
sample, the order was fructose > sucrose > glucose at 10, 30 ug/filter paper, and fructose >
sucrose > glucose at 50ug/filter paper. From the above result, fructose plays an important
role as a feeding stimulant against pine sawyer adult.
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Diurnal and Nocturnal Herbivory on Maize Leaves Elicit Different Response of the
Fall Armyworm Parasitoid, Campoletis flavicincta
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Plants induced by herbivory produce specific volatile substances that attract natural
enemies of herbivores. This response occurs a while after the time of induction, as a result of
chemical reactions that change the plant physiology. Fall armyworm Spodoptera frugiperda
(J.E. Smith) (Lepidoptera: Noctuidae) can feed on maize all periods of the day. It has been
shown that plant needs light to synthesize de novo herbivore-induced volatiles. Therefore,
volatile emission may be changed depending on which time of the day the plant is induced
which could interfere in natural enemy foraging. In this sense, the current study aimed
to investigate the differential attractiveness of maize elicited by fall armyworm regurgitant
under light and dark conditions to its larval parasitoid Campoletis flavicincta (Ashmead)
(Hymenoptera: Ichneumonidae). All bioassays were conducted in Y-tube olfactometer
during photophase to assess the response of the parasitoid to odors from undamaged
maize, mechanical damage and simulated herbivory at time intervals 0-1, 5-6 and 24-25h.
For the time 5-6h it was evaluated the attractiveness of plants induced in light or dark by
inducing at 03:00pm and 08:00am and measuring the parasitoid choice at 08:00-09:00am
and 01:00-02:00pm. Light in the room were turned on at 6:00am and turned off at 8:00pm.
The results showed that naive C. flavicincta were attracted to volatiles emitted by maize
plants at 5-6h after the treatment with regurgitate in scotophase. Interestingly, they were not
attracted to volatiles released at the same time interval elicited in the photophase. None of
the other treatments were significantly attractive to wasps. These results suggest that the
differential attractiveness of diurnal and nocturnal induction is due to a physiological wound
response of the plant depending on the light conditions at the moment of induction or to an
intrinsic response of parasitoid behavior, what it will be elucidated in future studies.
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(1R,2S,5S)-Iridodial, an Aposematic Signal of Chloridolum loochooanum
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Freely flying adults of Chloridolum loochooanum were observed to secrete a fragrant
odor in the daytime at clear-cur field, and not observed to be attacked by predators’. The
metasternal gland excretion of the disturbed beetles was identified to be (1R,2S,5S)-iridodial
and assigned as a defensive chemical?>. The identity of a fragrant odor and a defensive
chemical, (1R,2S,5S)-iridodial suggested that defensive weapon of the flying beetles may
act rather as an aposematic volatile signal to deter predators from chasing them than as a
physiologically harmful compound to counterattack the predator.
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Identification, Biosynthesis, and Function of Bacterial Volatiles
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Many bacteria produce and emit volatile compounds. We have investigated many of
these volatiles, using headspace techniques like Closed Loop Stripping Analysis, GC-MS-
analyses, and following synthesis of the molecule to proof the structure proposal. During
our investigations we have found five major classes of compounds, belonging to different
biosynthetic groups, that have been produced by various strains of different bacterial
classes. Most compounds are either fatty acid derivatives, aromatic compounds, pyrazines,
terpenoids, or sulfur compounds. The ecological significance of these volatiles is mostly
unknown to date, but aspects like chemical defense or communication come immediately
to mind. After proving the structural proposal by synthesis the biological activities of the
corresponding compounds were evaluated in different bioassays. Interestingly, some
of the volatiles were strongly active in the inhibition growth of other microorganisms in
diffusion assays, while selected ones showed inhibitory influence on fruiting body formation
in myxobacteria. Activities on a cancer cell line were generally weak, but individual
components showed a high activity given to the small size of the molecule. Furthermore
the biosyntheses of different prominent volatiles were investigated in feeding experiments
using labeled precursors and mutant strains.
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Nicotine in Nectar: Consumption and Perception by Honey Bees and its Effect on
their Survival
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The role of secondary compounds in deterring herbivores from vegetative parts of plants
is well established, whereas their role in plant reproductive organs remains unclear. The
present study tested various effects of nicotine on honey bees as a model system to
understand the possible roles of secondary compounds in floral nectar. Eight honey bee
colonies were tested for their preference among six feeders containing all the combinations
between two sugar concentrations (20% or 50% w/w) and three nicotine concentrations
(0, 5 or 50 ppm). Individual bees from these colonies were tested for the effect of nicotine
on learning performance using the proboscis extension response paradigm. Afterwards,
half of the tested colonies were fed for three weeks with pure sucrose solution and the rest
were fed with sucrose solution enriched with nicotine. Then the bees were tested again
for their preference and learning. In addition, harnessed bees were tested for their daily
food consumption and survival while being fed with sucrose solution with various nicotine
concentrations. We found that nicotine repels bees, but repellency can be partially overcome
by increased sugar concentration and that early exposure to nicotine may decrease its
repellency. Nicotine added to the reward did not affect learning performance and survival,
but at high concentration it decreased food consumption. We conclude that nicotine
concentration, in the range that naturally occurs in nectar (up to 2.5 ppm), repels bees.
Higher concentrations are more repellent and reduce consumption. Interestingly, prolonged
exposure to nicotine resulted in habituation to nicotine (though a follow up experiment failed
to confirm this effect). Thus, nicotine in floral nectar may serve as a repellent for occasional
visitors, but less so to regular visitors, which would be more efficient pollinators.
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Comparative Electrophysiological Responses of a Specialist (Microplitis croceipes)
and Generalist (Cotesia marginiventris) Parasitoid to Cotton Volatiles Induced by
two Caterpillar Species
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Herbivore-induced plant volatiles are used by parasitoids for host location. Plants emit volatile
blends that may be quantitatively and qualitatively different in response to different herbivore
species. These differences may convey herbivore-specific information to parasitoids
and thus shape their foraging strategies. One current theory regarding the evolution of
parasitoid host location strategies is that the degree of specificity of the signals needed by
a parasitoid to successfully locate its host correlates with its level of host specificity. This
hypothesis was tested using as models two parasitoids of cotton caterpillars with different
degrees of host specificity: Microplitis croceipes (Hymenoptera: Braconidae), a specialist
parasitoid of Heliothis spp. and Cotesia marginiventris (Hymenoptera: Braconidae), a
generalist parasitoid of several caterpillar genera including Heliothis spp. and Spodoptera
spp. We compared GC-EAD (coupled gas chromatography electroantennogram detection)
responses of both parasitoid species to headspace volatiles of cotton plants damaged by
H. virescens (a host species for both parasitoids) versus S. exigua (a host species for
C. marginiventris but not for M. croceipes). Qualitative and quantitative differences were
recorded in the composition of the volatiles emitted by cotton plants in response to feeding
by the two caterpillar species. Importantly, notable differences were recorded in the GC-
EAD responses of both parasitoid species to the volatiles. The generalist (C. marginiventris)
showed comparatively greater GC-EAD response than the specialist (M. croceipes) to the
green leaf volatile components of cotton headspace, whereas the inducible components
elicited relatively greater response in the specialist. These results suggest that herbivore-
induced plant volatiles may play an important role in mediating host specificity in specialist
parasitoids.
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Antennal Response of Codling Moth (Cydia pomonella) to Dilute Concentrations of
Apple Volatile Chemicals
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The codling moth (Cydia pomonella) is an important pest in apple and pear orchards
throughout most of the world. The objective of this study was to identify volatile compounds
from immature apples that elicit antennal responses at lower concentrations. It is thought
that these lower concentrations may be more relevant to our search for compounds that are
attractive at some distance from the apple. Volatile compounds were collected from immature
apples and analyzed by gas chromatography coupled with electroantennographic detection
(GC-EAD). The apple volatile samples were analyzed at increasingly diluted concentrations
to 1) determine whether lower concentrations triggered fewer antennal responses, and 2)
identify the compounds that elicited antennal responses at the lower concentrations. At the
lower concentrations, four compounds were identified which consistently elicited antennal
responses in gravid female codling moths.
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Investigating the Interaction Between Maize and the Leafhopper, Cicadulina storeyi
China (Homoptera: Cicadellidae), a Major Vector of Maize Streak Virus
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The chemical ecology of the leafhopper, Cicadulia storeyi China (Homoptera: Cicadellidae),
a major vector of Maize Streak Virus (MSV), the most important virus affecting maize,
Zea mays L. (Poaceae), throughout sub-Saharan Africa’, has been studied with a view to
understanding the potential for exploiting induced and constitutive defence pathways in
novel leafhopper control strategies. Volatile organic compounds (VOCs) were collected from
10-12 day-old uninfested and C. storeyi - infested maize seedlings (cv: Delprim). Analysis
of the VOCs by gas chromatography (GC) and coupled GC-mass spectrometry (GC-MS)
confirmed the release of previously reported VOCs from un-infested seedlings, i.e. myrcene,
linalool, (E)-2-decen-1-ol and decanal, and from insect-infested maize seedlings, i.e. (Z)-3-
hexenyl acetate, (E)-4,8-dimethyl-1,3,7-nonatriene (DMNT), benzyl acetate, indole, geranyl
acetate, (E)-caryophellene, a-bergamotene, (E)-B-farnesene, B-sesquiphellandrene and
(E,E)-4,8,12-trimethyl-1,3,7,11-tridecatetraene?. Methyl salicylate, which is known to be
produced as a herbivore and pathogen-induced plant VOC?“, was also identified in the
blend of C. storeyi — infested plants. Y-Tube olfactometer studies showed that VOCs from
un-infested maize seedlings were more attractive to C. storeyi than the control (P= 0.003),
whereas VOCs from C. storeyi-infested maize seedlings were less attractive than the control
(P=0.021). C. storeyi also preferred VOCs from un-infested maize seedlings compared to
VOCs from C. storeyi-infested seedlings (P< 0.001). When methyl salicylate was added to
the blend of VOCs from uninfested maize seedlings, C. storeyi preferred the control arm
(P=0.016). Finally, C. storeyi preferred the control arm over methyl salicylate when tested
alone (P=0.002). These results show that induced plant defence in maize has the potential
to be exploited in the control of viruliferous leafhoppers in sub-Saharan Africa.

References

1. Plant Pathology 1993, 42, 494-509.

2. Science 1990, 250, 1251-1253.

3. Current Opinion in Plant Biology 2006, 9, 421-429.
4. Science 2007, 318,113-116.

| HI i Poster 3-27



poster session 3

Selective Iridoid Glycoside Sequestration by two Sawfly Species of the Genus Athalia
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Iridoid glycosides (IG) are characteristic secondary plant metabolites of Plantaginaceae.
Larvae of the sawfly species Athalia circularis and A. cordata (Hymenoptera: Tenthredinidae)
are specialized on species of this plant family. Therefore, the ability and specificity of IG
sequestration in the sawfly species was investigated. The main IG fraction of the host plant
Veronica beccabunga is comprised of four catalpol esters, whereas the concentration of
catalpol itself is very low. Additionally aucubin and some other |G were identified in this plant.
In both sawfly species high amounts of catalpol were concentrated in the larval hemolymph,
followed by relatively low amounts of aucubin. No catalpol esters were detectable in larval
hemolymph as well as in the frass of this species. Instead the esterified protocatechuic acid
of the catalpol ester verproside could be identified in the frass of A. cordata. This indicates
that the esters are hydrolyzed in the insect and catalpol is sequestered selectively. Other
IG of the host plant (e.g. epiloganic acid) were excreted by the sawfly larvae unchanged. To
test for an ecological relevance of selective catalpol sequestration the feeding deterrence of
catalpol ester versus catalpol against the ant Myrmica rubra was investigated.
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Electrophysiological and Behavioral Responses of Leiodes cinnamomea to Volatiles
Isolated from Conspecifics and its Host Fungus
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The truffle beetle, Leiodes cinnamomea, (Coleoptera: Staphylinoidea, Leiodidae) (Panzer,
1793) is an important pest of black truffle (Tuber melanosporum). Through their feeding and
oviposition habits, both the adults and the feeding larvae, contribute to economic losses by
the destruction of truffles, but little is known' about the chemical communication between
truffle beetles. Electrophysiological and behavioral responses of the truffle beetle to host
volatiles from the black truffle and from conspecifics insects were investigated to identify
semiochemicals involved in insect attraction. Volatiles compounds released by adult insects
and ripe truffle airborne volatiles were collected by dynamic headspace adsorptions on
Tenax-TA or static adsorptions by using solid-phase microextraction (SPME). Coupled
gas chromatography-electroantennography (GC-EAG) and gas chromatography-mass
spectrometry (GC-MS) resulted in the identification of at least five EAD active compounds
from airborne volatiles release for male and female adults, including: 6-Methyl-5-hepten-2-
one, camphor and 1-octen-3-ol. From selected compounds from ripe truffle odours, showed
that only Dimethylsulfide (DMS) significantly elicited electroantennogram response and
some did not evoke EAG responses at all. The overall EAG response profiles of the male
and females to the tested fungus odours were similar. The EAG-active compounds were
subsequently investigated for behavioral activity in an arena bioassay. The results of this
behavioral assay showed that, at the doses tested, camphor and DMS were significantly
better than the six tested compounds at stimulating male and females to land and walking
locomotors reactions on target.
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Green Leaf Volatiles from Maize as Cues to Find its Host, Spodoptera frugiperda
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Egg parasitoids face many challenges in host search because cues derived from the eggs
themselves are hard to detect. Oviposition-induced volatiles are known to act in the host
search by egg parasitoids', however, this plant response was only reported in three tritrophic
systems so far. In contrast, insect herbivory commonly induces volatile emission by the plant
attracting natural enemies. Herbivore-induce volatiles do not represent direct cues of eggs,
although they may indicate indirectly the presence of eggs in the case of multivoltine hosts.
In this sense, the current study aimed to investigate the olfactory response of the specialist
egg parasitoid Telenomus remus Nixon (Hymenoptera: Scelionidae) to volatiles released
by fresh mechanical damage in maize (mainly green leaf volatiles-GLVs) and herbivore-
induced volatiles elicited by Spodoptera frugiperda J.E. Smith (Lepidoptera: Noctuidae)
regurgitant in different time intervals. All bioassays were carried out in a Y-tube olfactometer
during photophase to assess the response of naive and experienced wasps to odors from
undamaged maize, fresh mechanical damage, or simulated herbivory at time intervals 6-7
and 12-13h. Experienced wasps were attracted to fresh mechanical damage and 6-7h
herbivore-induced volatiles, whereas naive wasps didn’t respond to any of the treatments.
These results indicate that T. remus is able to learn to respond to volatiles induced by fall
armyworm herbivory as well as to GLVs. Searching for host community using herbivore-
induced volatiles seems to be an adaptive behavior of T. remus. However, learning GLVs is
not expected to be a successful strategy as they are common to several plant species and
are not specific of host damage.
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SuperScent - a Database of Flavors and Scents
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Volatiles are efficient mediators of chemical communication acting universally as attractant,
repellent, or warning signal in all kingdoms of life. Beside this broad impact volatiles have in
nature, scents are also widely used in pharmaceutical, food, and cosmetic industries, so the
identification of new scents is of great industrial interest. Despite this importance as well as
the vast number and diversity of volatile compounds, there is currently no comprehensive
public database providing information on structure and chemical classification of volatiles.
Therefore, the database ‘SuperScent’ was established to supply users with detailed
information on the variety of odor components. The version of the database presented
here comprises the 2D/3D structures of approximately 2,100 volatiles and around 9,200
synonyms as well as physicochemical properties, commercial availability, and references.
The volatiles are classified according to their origin, functionality, and odorant groups.
The information was extracted from the literature and web resources. ‘SuperScent’ offers
several search options, e. g, name, Pubchem ID number, species, functional groups, or
molecular weight.

‘SuperScent’ is available online at: http://bioinformatics.charite.de/superscent.
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Chemical Camouflage in the Codling Moth, Cydia pomonella, Feeding on Different
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Cuticular hydrocarbons (CHCs) of fruit endophytic larvae of the codling moth, Cydia
pomonella L. (Lepidoptera, Tortricidae) were reported to resemble those of its main host,
the apple fruit. To evaluate the role of diet in potential chemical camouflage, we have
analyzed the CHCs of larvae that developed on: (I - ii) two unrelated host plant species,
the apple (Malus domestica Borkh., Rosaceae) and the common walnut (Juglans regia L.,
Juglandaceae) from the same region (Molise, Italy); and (iii) artificial diet. In parallel, the
hydrocarbons of host fruits and artificial diet were analyzed. Our results show quantitative
differences between CHC profiles (consisting of n-alkanes, C23-C31). Quantities in the
CHCs from the walnut-collected larvae are shifted towards higher alkanes, in comparison
to the apple-collected larvae, and a similar shift is observed between the walnut and apple
fruits. Similarity of the CHC profiles is higher between larvae from apple and apple fruits
than between larvae from walnut and walnut fruits, suggesting a higher level of camouflage
in apple populations, and indicating that the apple population might be the progenitor of the
walnut population. Finally, the comparison of the CHCs of larvae reared on artificial diet with
the diet itself proves that the larval hydrocarbons are biosynthesized, at least at their larger
share, by the moth itself.
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Inducible Root Defenses in Maize

Planchamp C, Balmer D, Mauch-Mani B

Laboratory of Cell and Molecular Biology, University of Neuchéatel, Switzerland

chantal.planchamp@unine.ch

Plants are confronted with a great number of pathogenic microorganisms and herbivores
in their environment. In response to these attacks, plants have evolved a broad range
of defense mechanisms. Such induced plant responses can occur aboveground, in the
leaves, and also belowground, in the roots. Moreover, despite being separated in space,
belowground organisms can induce defense responses aboveground and vice versa'.
That indicates the important role of above- and belowground systems for the whole plant
resistance. However, aboveground interactions have been more intensively studied than
belowground interactions. The aim of our project consists in a better understanding of the
mechanisms that lead to root defense induction in maize. Therefore, we will investigate the
effects of bacteria, pathogenic fungi and oomycetes and herbivores on root resistance.
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A common objective of bioinformatic analyses is to assess the similarity of species or
genotypic variations. Such measures provide a means to evaluate evolutionary models and
history as well as having potential application to ecological systems such as host preference
selection. Phylogenetic correlation' is one index of similarity typically employed. Given a
phylogeny, the correlation, A, measures the deviation or adjustment relative to a dependent
Brownian evolutionary model. Values for A are found through maximum likelihood estimation
of a generalized linear model assuming a variance-covariance structure, where off diagonal
elements are scaled by A. Avalue of A equal to 1.0 is indicative of the Brownian model, while
A = 0.0 indicates an independent random process. Statistical inference on A has traditionally
been assessed using a likelihood ratio test comparing the estimated value to the theoretical
null values, A=1.0 and A=0.0. These tests, however, rely on the assumption of a Normal
likelihood within the phylogeny. In addition, statistical comparison of estimated A values has
not been addressed. An alternative procedure is proposed here which relies instead on the
resampling methodology of the bootstrap. Here, A is estimated with an underlying bootstrap
distribution which provides both confidence limits, as well as, hypothesis testing capabilities
without distributional assumptions. The method will be demonstrated using phylogenetic
and metabolomic data related to the host specificity of Ceutorhynchus cardariae Korotyaev
on Brassicaceae species.
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Plants are the highly valuable resources even for the herbivore community. Plants develop
different mechanisms to reduce insect attacks of which production of induced volatile
chemicals is of major concern. They provide important information for insect natural
enemies during their long-range host searching. Parasitoid’s attraction to these induced
chemicals is now well established in several plant-pest-parasite systems. We have studied
the behavioral responses of the egg parasitoid, Trichogramma chilonis ishii towards the
leaf surface chemicals emitted from castor bean plant, Ricinus communis (L) due to the
herbivory and their ovipositional stimulant activity to the parasitoids. The feeding activity
by the capsule borer, Dichocrocis punctiferalis, Guenée (Lepidoptera: Pyralidae) on the R.
communis plants resulted with the production and emission of leaf surface chemicals that
arrested the parasitoids. T. chilonis responded to the pest induced volatiles and also there
was a significant induction of oviposition stimulation that lead to increased parasitization
of the host eggs. In laboratory bioassays, the parasitoids discriminated the odors of intact
and D. punctiferalis damaged castor plants and oriented towards the patch consisting the
infested plant chemicals. The uninfested (intact) leaves of the capsule borer infested R.
communis plants were extracted in dichromethane, purified by coloumn chromatography and
identified by analytical techniques through bioguided fractionation. A GC and GC-MS study
revealed quantitative and qualitative differences between the emissions of pest damaged
and un damaged plants. Delta -3-carene, 1-8-cineole, para- cymen-8-ol, (-)-a-terpineol,
Piperidin-2-one, Hexadecyl oxirane were found in the borer infested leaf chemicals apart
from several long chain hydrocarbons..
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When plant leaves are attacked by phytophagous insects, they emit several volatile chemical
compounds, which are known to be attractive to natural enemies of insect herbivores.
These volatiles are also detected by neighboring plants, which, in response, can enhance
or accelerate defense responses, a phenomenon called priming. Plant roots also release
volatiles in response to herbivory and it has been shown that they attract entomopathogenic
nematodes, but their potential role in priming of nearby plants is still unknown. In a first
series of experiments we investigated root priming and found no evidence that induced
root volatiles primed neighboring roots, neither within plants nor between plants. However,
more experiments are needed to fully exclude the occurrence of root priming by neighboring
roots.
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Show Me the Way to the Oil: How Macropis Bees Find its Oil-Host
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Meeting the right host plant is essential for survival of many insect species, and volatile
organic compounds are important mediators in many plant-insect interactions. The
European solitary ground nester bee Macropis fulvipes is highly specialized on some
species of the genus Lysimachia (180 spp., Myrsinaceae). In this plant genus about 40 %
species produce oil instead of nectar, and this oil is used by Macropis to impregnate their
cells, and to feed (together with pollen) their larvae'. Here, we describe the flower scent of
oil- and non-oil producing Lysimachia species, and determine the attractiveness of visual
and olfactory Lysimachia cues on flower naive as well as experienced Macropis bees. The
floral scent analyses revealed that scent emitted by Lysimachia differs qualitatively as well
as quantitatively among species, and this is also true for the scent of different oil-producing
species. From the bioassays we learned that scent plays an important role for naive bees to
find their host plants, and that experienced bees also use visual plant cues to find their host.
Bees also responded to whole flower, pollen and oil extracts (in pentane), respectively?.
Experiments are currently under way to identify the compounds being responsible for host-
plant finding of Macropis. We also test the hypothesis that Lysimachia oil plants have an
oil-marker in common.
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Sweet Stuff for the Good Guys: Do Polysaccharide Plant Strengtheners Enhance
Plant Attractiveness to Parasitic Wasps?
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The ability of parasitic arthropods to locate and attack hosts is a result of successive
behavioural steps regulated by physical, chemical and biochemical factors. In the host
location and selection process, cues associated with the host such as volatile compounds
emitted by plants as a consequence of herbivore activities play a role in attracting
parasitoids to patches infested with hosts'. Many plants release volatile compounds as a
response to feeding or egg-laying by insects?. Parasitoids often are highly attracted to these
plants since the emitted compounds may serve as long-range cues enabling the location
of hosts. Therefore, plants under attack can benefit from attracting parasitoids® and this
herbivore-induced volatile emission is considered to be an indirect induced plant defense?.
In maize, a number of abiotic and biotic factors can modulate the quality and quantity of
the herbivore-induced volatile blend, which in certain cases may have consequences for
parasitoid attraction*. Recently, Rostas and Turlings (2008)° found that BTH (benzo-(1,
2, 3)-thiadiazole-7-carbothioic acid S-methyl ester), which is known to induce the plant’s
defense against pathogens, also enhances the plant’s indirect defense, i.e. its attractiveness
to parasitoids. Furthermore, a variety of molecules, including oligo- and polysaccharides,
peptides, proteins, and lipids can act as elicitors for pathogen defense. Laminarans induce
the formation of antifungal compounds in alfalfa cotyledons®. Nevertheless, the mechanism
of BTH in the plant is already well known, while the mechanism of polysaccharides in the
plantis not fully understood’. Objectives: to perform series of olfactometer experiments using
the tri-trophic system that comprises Zea mays, Spodoptera littoralis, and several of their
larval endoparasitoids® to test the effect of both BTH and laminarin on the attraction of the
endoparasitoids; Microplitis rufiventris, Cotesia marginiventris (Hymenoptera: Braconidae)
and Campoletis sonorensis (Hymenoptera: Ichneumonidae). The results indicate that both
Laminarin and BTH have a significant effect on the attraction of the studied parasitoids to
maize plants infested with S. littoralis when compared to the control treatment.
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Biosynthetic studies: In Vitro Incubation of the Labial Gland and Fat Body of the
Bumblebee Males (Bombus lucorum and Bombus terrestris) with [1,2-“C]acetate
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Biosynthesis of the marking pheromone of the bumblebees males of species Bombus
lucorum and Bombus terrestris were studied. Pheromonal components of the bumblebee
males are produced and stored in the cephalic part of the labial gland'. Both species differ
in their labial gland secretions. B. lucorum males produces aliphatic compounds with long
carbon chain. The most abundant is ethyl (Z)-tetradec-9-enoate (53%)2. Labial gland of
B. terrestris males contains mixture of terpenic and aliphatic compounds® where 2,3-
dihydrofarnesol and ethyl dodecanoate are the most abundant. It was proposed by Luxova
at al.* that fatty acids stored in the fat body are precursors of aliphatic components of the
labial gland. Aim of this study was to confirm this hypothesis. Labial glands and fat bodies
of the species were incubated in vitro with radioactive [1,2-'“Clacetate. After certain time of
incubation, the gland extracts were analysed by means of thin layer chromatography with
using non-destructive delection of “C-distribution by position sensitive detector. Analysis
showed that [1,2-'“C]acetate was incorporated into various kind of compounds such as fatty
acids, triacylglycerols, esters and hydrocarbons. Differences were found in radioactivity
distribution between labial gland and fat body in both studied species. The authors thank
to Dr. Josef Holik from the institute of Experimental Botany, CAS, for making possible the
radioanalysis and Czech Science Foundation (203/09/1446) for financial support.
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