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ABSTRACT Venom from the endoparasitoid wasp Pimpla turionellae 1. (Hymenoptera; Ichneu-
monidae) was isolated in pure form. Total protein determination indicated an average value of 0.04 pug
protein per venom sac. The molecular weights of the venom components were estimated with
reference to molecular weight markers and reference proteins by sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis (SDS-PAGE). Analysis indicated that venom primarily contains proteins
with molecular weights between 20 and 106 kDa. The presence of melittin and apamin in wasp venom
was shown by SDS-PAGE and reversed-phase high-performance liquid chromatography (HPLC).
Infrared spectroscopic data confirmed the acidic nature of the venom and the presence of amines,
peptides, proteins, and enzymes in the venom. Venom noradrenaline was separated using thin-layer
chromatography and verified by infrared spectroscopy.
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THE RECENT STUDIES OF hymenopteran venoms have
profoundly affected the advances in modern biochem-
istry, pharmacology, and medicine (Soldatova et al.
1998, Konno et al. 2000). The characterization of
venom is also a rich source of information on the
physiological functions (Coudron et al. 2000, Parkin-
son et al. 2002a, Rivers et al. 2002), ecological inter-
actions, taxonomic, and phylogenetic studies (Leluk
et al. 1989, Doury et al. 1997) of parasitoids. The
composition of venom from Hymenoptera may vary
within groups or even species (Leluk et al. 1989, Skin-
ner et al. 1990, Sanchez et al. 1994). Studies on venom
composition and activity have been greatly focused on
those of Apis and Vespa species, which are of great
interest to humans (Abreu et al. 2000, Costa and Pala
2000). However, parasitic Hymenoptera venom has
recently become a valuable resource of natural sub-
stances that have promise in the construction of bio-
logical insecticides (Coudron and Brandt 1996). Par-
asitic wasps, which lay their eggs in or on their hosts,
are important regulators of insect pests. Adult female
parasitoids possess a stinging apparatus that is used to
inject maternally derived secretions into the hemo-
coel of their hosts during oviposition (Parkinson et al.
2002b). Several physiological traits of the host are
altered by female wasp secretions (polydnaviruses,
ovarian proteins, and venom) injected at oviposition
(Doury et al. 1997, Digilio et al. 2000). Venom secre-
tions modify the host physiology in various ways to
assist the development of the parasitoid’s progeny
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(Parkinson et al. 2002b). The presence or absence of
proteins in parasitoid venom may even indicate the
host stage for oviposition (Leluk et al. 1989). Venoms
from koinobiont species are frequently associated
with temporary paralysis and involved in the suppres-
sion of host movements during oviposition (Naka-
matsu et al. 2001). However, most of the idiobiont
parasitoids paralyze the host permanently, and thus
preserves it for a long time for the feeding and devel-
opment of the progeny larvae (Wharton 1993, Naka-
matsu and Tanaka 2003).

Pimpla turionellae L. (Hymenoptera: Ichneumonidae)
is an idiobiont endoparasitoid wasp that uses hosts
from an extremely wide range of lepidopteran species
(Kansu and Ugur 1984). Little is known about the
composition of venom from this endoparasitoid, al-
though functionally its role in inhibiting neuromus-
cular transmission at the synaptic site (Kilinger 1975)
and disabling hemocytes (Osman 1978) in host species
has been suggested. The structure of P. turionellae
venom apparatus and the primary chemical groups
present in the venom sac have been demonstrated
(Ugkan and Giilel 1990, Uckan 1999). The current
study aims to determine the venom sac components
and the molecular weights of peptides and proteins of
P. turionellae venom.

Materials and Methods

Insects. The solitary, pupal endoparasitoid P. turio-
nellae were reared on pupae of greater wax moth,
Galleria mellonella L. (Lepidoptera: Pyralidae). Adult
parasitoids were maintained at 25 = 2°C, 12:12 h (L:D)
photoperiod and fed with a 50% (vol:vol) honey so-
lution. Parasitoid females were also provided with host
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pupae (four pupae for 10 female wasps) once every 3d
to meet their protein requirement (Kansu and Ugur
1984).

Venom Extraction. The venom sacs of 15- to 20-d-
old female wasps were removed by grasping the ovi-
positor and pulling. The venom sac was collected by
grasping the duct leading to the ovipositor with finely
tipped forceps under a stereoscopic microscope and
placed in 100 ul distilled water. The content of each
venom sac was removed by piercing and drained into
distilled water. The solution was centrifuged at
3,000 X g for 10 min to remove cell debris. For our
experiments, three tubes, each containing the con-
tents of 50 venom sacs and 100 ul distilled water, were
made up to a final volume of 200 ul by adding distilled
water and adjusted to a final concentration of 0.25
venom sac content per microliter (0.01 pug/ul). The
tubes were kept at —20°C for further investigations.

Total Protein Assay and Gel Electrophoresis. Total
protein determination was performed by the method
of Bradford (1976) using bovine serum albumin (BSA;
Sigma, St. Louis, MO) as the standard. Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE; 20% acrylamide) was carried out with the
method described by Laemmli (1970). SDS-PAGE
(14 and 12.5%) was performed according to Shagger
and Von Jagow (1987) using Bio-Rad Mini Protean III
apparatus. The gel that contained 20% polyacrylamide
was stained with silver stain (Silver-stain kit, cat. no.
AG-25; Sigma). Fourteen and 12.5% polyacrylamide
gels were stained with Coomassive Blue (G250; Bio-
Rad, Richmond, VA). For electrophoresis, BSA (68
kDa), B-lactoglobulin (18.4), lysozyme (14.3), apro-
tinin (6.5), melittin (2.84), apamin (2.02), and brady-
kinin (1.06; Sigma) were used as reference proteins.
Bio-Rad low range molecular weight standards, phos-
phorylase B (106), BSA (81), ovalbumin (47.5), car-
bonic anhydrase (35.3), soybean trysin inhibitor
(28.2), and lysozyme (20.8), were used as molecular
weight markers. The molecular weights of the protein
bands were estimated with reference to molecular
weight markers and reference proteins (Sigma and
Bio-Rad).

High-Performance Liquid Chromatography. High-
performance liquid chromatography (HPLC) was
performed to confirm the presence of pure apamin
and melittin determined by SDS-PAGE to be present
in venom. Apamin and melittin (Sigma) were used as
standards. The contents of 20 venom sacs were placed
into 100 ul distilled water, and the solution was chro-
matographed on a reverse-phase HPLC column
(Acelll Cyg, 12.5 cm by 4.0 mm i.d.; MAC-MOD An-
alytical; Chadds Ford, PA). The mobile phases were
(A) 0.1% TFA in acetonitrile:water (80:20) and (B)
0.1% TFA in water. Venom was separated by linear
gradient (5-80%) using mobile phase A at 40 min. The
flow-rate was maintained at 1.0 ml/min, and the elu-
tion was monitored at 280 nm.

Thin Layer Chromatography. Thin-layer chroma-
tography (TLC) was used to separate seratonin, do-
pamine, noradrenaline, and histamine (Sigma). 10 by
10 cm silica gel plates (generated from splitting pre-
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parative 20 by 20 Silica gel 60 GF,5, into four pieces;
Merck, Damstadt, Germany) were used for the de-
velopment of samples. Each plate was loaded with 5 ul
of venom and each standard solution and developed
with the following solvent systems: (A) ethanol-water-
ammonia, 100:12:16 (vol:vol); (B) methanol-chloroform,
1:1 (vol:vol) (Leonard 1972); and (C) trifluoracetic
acid-acetonitrile-

water, 1:95:5 (vol:vol). The plates were viewed under
UV light (254 nm) and photographed. Retardation
factor (R;) values were estimated.

Infrared Spectroscopy. The presence of peptides
and proteins determined by SDS-PAGE led us to ver-
ify this result by infrared spectroscopic analysis. For
infrared spectroscopy, 10 ul venom solution was kept
on a watch glass at 30°C until its liquid phase (distilled
water and ethanol added for facilitating the evapora-
tion of water) was completely removed. The dry ma-
terial was homogeneously ground with potassium bro-
mide, and the infrared spectrum was shown.

The bands formed in TLC by reference noradren-
aline and the venom component that migrated at the
same position as standard noradrenaline were scraped
off, transferred into eppendorf tubes, and dissolved in
200 wl ethanol. The solutions were centrifuged at
3,000 X g for 3 min to remove silica gel. The super-
natants were removed on to watch glasses and incu-
bated for 30 min at 30°C. After removing the liquid
phase (ethanol), the infrared spectrum was recorded
at room temperature and compared to verify the pres-
ence of noradrenaline. A Perkin-Elmer Spectrum
BX-II infrared spectrometer was used for all spectra
(Perkin-Elmer, Beaconsfield Buks, England).

Results and Discussion

Parasitoid venoms that cause paralysis of host spe-
cies are complex mixtures of low- and high-molecular
weight compounds such as amines, peptides, proteins,
and glycoproteins (Doury et al. 1997, Coudron et al.
2000). UV absorbance comparison of venom sac com-
ponents with standard protein solutions indicated an
average value of 0.04 ug protein per venom sac. This
value is significantly lower than the average value of
180 ug of protein per venom sac for P. hypochondriaca
(Retzius) (Parkinson and Weaver 1999). P. turionellae
females may use their venom for the purpose of re-
production and nutrition. The ability of a single female
wasp to paralyze a great number of host pupae to feed
or lay eggs indicates that a small fraction of the venom
sac contents may be sufficient to produce effective
paralysis in the host species.

SDS-PAGE profiles indicated that P. turionellae
venom is composed of a highly complex mixture of
polypeptides (Fig. 1). Venom primarily consists of
components with molecular weights between 20 and
106 kDa (Fig. 1). However, there were also protein
bands higher or lower than this range. Studies have
revealed that social and some parasitoid Hymenoptera
venoms constitute low molecular weight proteins
(Leluk et al. 1989, Doury et al. 1997). Unlike the
venom of the other endoparasitoid species, Cotesia
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Fig. 1. SDS-PAGE at 20% (A-D), 14% (E-G), and 12.5%
(H-J) (wtwvol) gel for standards (I mg in 1 ml buffer
solution) and venom components (5 ul venom solution).
(A) B-lactoglobulin (18.4), lysozyme (14.3), aprotinin (6.5);
(B, F, and I) venom; (C) apamin (2.02); (D) BSA (68);
(E and H) BSA (68), melittin (2.84), apamin (2.02), brady-
kinin (1.06); (G and J) Bio-Rad low range molecular weight
standards: phosphorylase B (106), BSA (81), ovalbumin
(47.5), carbonic anhydrase (35.3), soybean trysin inhibitor
(28.2), lysozyme (20.8).

congregate (Say) (Beckage et al. 1987), Chelonus near
curvimaculatus (Jones and Leluk 1990), and Micro-
plitis demolitor Wilkinson (Strand et al. 1994), the
venom of P. turionellae contains several proteins
smaller than 20 kDa (Fig. 1). The venom of Eupelmus

UCKAN ET AL.: VENOM COMPONENT OF P. turionellae

777

orientalis (Crawford) has also been shown to contain
several proteins smaller than 15 kDa (Doury et al.
1997). These small peptides may generally be neuro-
toxins in higher Hymenoptera (Schmidt 1982), which
is consistent with the paralyzing function of P. turio-
nellae venom (Kilinger 1975). Venom from an endo-
parasitoid wasp P. hypochondriaca was previously in-
vestigated, and proteins including phenoloxidases, a
laccase, and a serine protease were identified (Par-
kinson et al. 2002b). Thus, several bands with molec-
ular weights around or higher than 106 kDa demon-
strate the presence of high molecular weight proteins
and enzymes in P. turionellae venom. Protein bands
with molecular weights ranging from 21 to 97 kDa have
been detected in venoms of other parasitic hym-
enopterans (Digilio et al. 2000, Parkinson et al. 2002a,
Nakamatsu and Tanaka 2003). The results of our SDS-
PAGE analysis are also in close agreement with those
reported by Parkinson et al. (2002b). Both P. turio-
nellae and P. hypochondriaca seem to contain a con-
siderably greater number of constituents in their ven-
oms than the venom from the egg parasitoid C. near
curvimaculatus (Jones and Leluk 1990) and the larval
endoparasitoid M. demolitor (Strand et al. 1994).
SDS-PAGE analysis (Fig. 1) indicated that venom
might contain melittin (2.84 kDa) and apamin (2.02
kDa). The presence of paralyzing proteins such as
apamin, melittin, and kinin in parasitoid wasp venom
has been suggested to occur in those species in which
oviposition occurs in an active host stage such as
P. turionellae (Leluk et al. 1989). However, we could
not detect the presence of bradykinin in venom.
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Fig. 2. Fractionation of the venom sac content (4 venom sac equivalents) of P. turionellaec and determination of the
presence of apamin and melittin (1 pg/ul; Sigma) in venom sac content by reversed-phase HPLC using Acelll C,4 (12.5 cm
by 4.0 mm). Eluent A: 0.1% TFA in acetonitrile:water (80:20); eluent B: 0.1% TFA in water. Linear gradient: 5-80% A at 40
min. Injection volume: 20 pl. Detection: 280 nm. Flow rate: 1.0 ml/min.
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Fig. 3. Infrared spectrum of P. turionellae venom (10 ul venom solution).

HPLC analysis supported the presence of melittin and
apamin in the venom (Fig. 2).

Infrared spectrum of the venom is shown in Fig. 3,
and characteristic infrared bands are interpreted in
Table 1. The infrared absorption bands at 3,410, 1,648,
and 1,547 cm ™! can be interpreted to indicate the
presence of secondary amine and amide groups and to
confirm the proteinous nature of the venom. How-
ever, the infrared band at 3,410 cm™" is dispropor-
tionally large and could be caused in part by traces of
ethanol. The vibration at 1,398 cm ™! may be associated
with the acidic (carboxylic) nature of the venom
(Leonard 1972). The C-H in-plane bending at
1,125 cm ! is characteristic of aromatic compounds
(Stuart 1997). The absorption band at 1,050 cm ™'
suggests that there may also be structures containing
phosphorous in the venom, possibly enzymes. The
C-H bending at 618 cm ™' is much more likely to be
olefinic C-H rock (characteristic of alkynes) (Stuart
1997). The venom sac components seem to lack a

Table 1. Characteristic infrared bands and their possible
assignments verifying the presence of peptides and proteins in
P. turionellae venom sac content

quu?ilcy Possible assignment
(em™)
3410 N-H stretching, secondary amines
2361 CO,
1648 C=O0 stretching, amides
1547 N-H bending, secondary amines
1398 C-O-H in-plane bending, carbonyl compound
1125 C-H in-plane bending
1050 P-O-H bending
618 Olefinic C-H rock

carbohydrate moiety because there were no absorp-
tion bands at 3,600 (OH peak), 2,900 (C-H stretch-
ing), and 1,700 (C=0 stretching) cm ™', which are
basic characteristic infrared spectroscopic bands of
carbohydrates (Fig. 3; Table 1) (Fritz and Schenk
1979, Stuart 1997). Our results suggesting the acidic
and proteinous nature of the venom are in conformity
with those the investigation of Leonard (1972) from
sawfly larvae venom. Leluk et al. (1989) also con-
firmed the presence of acidic proteins in the venom of
an ichneumonid parasitoid, Chelonus sp. near curvi-
maculatus, with their isoelectrofocusing study.

The R; values from TLC analysis of venom and
standards on three different solvent systems are given
in Table 2. The best separation was achieved on trif-
luorasetic acid-acetonitrile-water (1:95:5 by vol.).
However, we could only detect the presence of nor-
adrenaline in P. turionellae venom (Fig. 4). The very
close R; values obtained for venom and noradrenaline
from three different solvent systems (Table 2) is a

Table 2. R;values from thin-layer chromatographic analysis of
venom and standard solutions developed with three different sol-
vent systems: ethanol-water-ammonia, 100:12:16 by vol; metha-
nol-chloroform, 1:1 (v/v); and trifluoracetic acid-acetonitrile-
water, 1:95:5 by vol

Development systems

Ry values Ethanol-water-  Methanol-  Trifluorasetic acid-
ammonia chloroform  acetonitrile-water
Venom 0.77 0.79 0.66
Seratonin 0.59 0.63 0.70
Dopamine 0.71 0.72 0.64
Noradrenaline 0.78 0.78 0.66
Histamine 0.00 0.00 0.21

Ten microliters of venom solution (2.5 venom sac equivalents) was
used for infrared spectroscopic analysis.

Each plate was loaded with 5 pL of venom (1.25 venom sac equiv-
alents) and each standard solution.
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Fig. 4. Comparative infrared spectrum of standard noradrenaline (Sigma) and venom noradrenaline detected in TLC.

strong indication that noradrenaline is actually a com-
ponent of the venom. The widespread existence of
biogenic amines and catecholamines, which we used
as standards in our investigation, has also been shown
in the venom content of Apis and Vespa species (Owen
and Sloley 1988, Weisel-Eichler et al. 1999). Endo-
parasitic wasps, such as those from the genus Chelonus,
which parasitize host eggs, do not possess acutely toxic
venomous components (Leluk et al. 1989). However,
the significant quantity of noradrenaline detected by
TLC in our study indicates that noradrenaline is one
of the components of the pupal endoparasitoid
P. turionellae venom and therefore may be fairly ef-
fective in the paralysis of host pupae. Thus, analysis of
the parasitoid venom components may indicate the
correlation between the venom content of the wasp
and its host stage preference. P. turionellae can also
parasitize and lay eggs in larvae and prepupae of dif-
ferent host species (Kansu and Ugur 1984). Therefore,
the presence of noradrenaline in venom is consistent
with the polyphagus nature of this wasp. It was also
previously reported that the paralysis of host pupae by
the parasitoid wasp could be explained by the pres-
ence of venomous contents inhibiting neuromuscular
transmission at the synaptic site (Kilinger 1975). The
presence and functions of neurotoxic compounds in
parasitic wasp venom have also been investigated by
other studies (Visser et al. 1976, Skinner et al. 1990).

We also compared the infrared spectrum of stan-
dard noradrenaline and noradrenaline developed on
TLC (Fig. 4). Comparative infrared spectroscopic
analysis revealed that two spectra illustrated similar
peaks. The bands between 2,850 and 3,000 cm ™! can
be attributed to the symmetric and asymmetric C-H
stretching bands from aliphatic compounds like
noradrenaline. The strong bands observed near
2,360 cm ™' might have resulted from atmospheric
absorption by CO, (Stuart 1997). The NH, bending

vibrations occurring near 1,600 cm ™" indicate the al-
iphatic compound of noradrenaline (Stuart 1997). The
stretching and bending of C-H and C-H-0 between
1,100 and 1,400 cm ™! can be attributed to the presence
of a benzene ring. The bands representing the out-
of-plane bending vibrations of substituted benzene
between 650 and 950 cm ! may also be an indicator of
abenzene ring in both compounds (Fig. 4) (Fritz and
Schenk 1979, Stuart 1997). The presence of noradren-
aline in wasp venom was consistent with the infrared
spectrum of noradrenaline standards. P. turionellae
venom has a wide range of proteins in molecular
weight and includes neurotoxic components such as
apamin, melittin, and noradrenaline. These observa-
tions are consistent with the polyphagus nature of
P. turionellae and thus the requirement for a venom
that has paralytic activity in several developmental
stages of a wide range of hosts.
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