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Abstract 6,10,14-Trimethylpentadecan-2-one (Hexahydro-
farnesyl acetone; HHA) previously has been found to be a
major component in tibial fragrances of male orchid bees,
Euglossa spp. HHA is a chiral molecule with four possible
stereoisomers, (6R, 10R)-, (6R, 10S)-, (6S, 10R)-, and (6S,
10S)-6,10,14-trimethylpentadecan-2-one. In the present
study, we characterized HHA extracted from Euglossa as
the pure enantiomer (6R, 10R)-6,10,14-trimethylpentadecan-
2-one. During bioassays in Mexico and Panama, the synthetic
RR-isomer attracted males of six species of orchid bees,
including three that were known to contain HHA in their
tibial fragrances. Possible sources of HHA for wild bees are
flowers of euglossophilous orchids and aroids. With a
molecular weight of 268, HHA is the largest natural
molecule known to attract male orchid bees in pure form.
Its attractiveness to males suggests that low-volatility
compounds have a function in male signals, e.g., serve as a
“base note” in complex odor bouquets.
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Introduction

Male orchid bees (Apinae, Euglossini) of the Neotropics
collect volatile chemicals in their forest environment and
combine them to complex blends in specialized hind tibial
pouches (Vogel, 1966; Dodson et al., 1969; Eltz et al., 1999).
These fragrances are exposed later by the males during
lengthy courtship displays, presumably as signals to conspe-
cific females (Eltz et al., 2005b). Although there is still no
direct proof of a female response to the perfumes, the
chemical specificity of male perfumes strongly suggests a
pheromone-like recognition function (Eltz et al., 2005a;
Ramírez et al., 2010). Across males of fifteen species of
Panamanian Euglossa, the chemical composition of perfume
blends consistently was more similar within than among
species, with specific blends being characterized both by
certain exclusive major compounds and characteristic com-
pound proportions (Zimmermann et al., 2009). Many
compounds were shared by several species, but normally
they were quantitatively dominant in only a few. The
prominent exception was 6,10,14-trimethylpentadecan-2-
one, also known as hexahydrofarnesyl acetone (HHA),
which was present in the perfume blends of all fifteen
species and was a major component of nine species
(Zimmermann et al., 2009). HHA is a derivative of the
diterpene alcohol phytol, a widespread secondary compound
of plants that is esterified to chlorophyll a (Willstätter and
Stoll, 1913). HHA is found in floral scents of orchid species
that are pollinated by male euglossines [R. Kaiser and M.
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Whitten (Givaudan, Switzerland) personal communication],
suggesting that it may be a behaviorally active compound
that is collected actively by males. This has remained
speculative, though, since HHA failed to lure male orchid
bees in previous bioassays (M. Whitten and G. Gerlach
personal communication; T. Eltz unpublished data.). How-
ever, HHA is a chiral compound, and the tested synthetic
product was a mix of unknown isomeric composition (R.
Kaiser personal communication), leaving room for further
investigation. In the present study, we determined the
stereochemistry of HHA in tibial extracts of three species
of Euglossa. Furthermore, we synthesized an optically pure
RR-HHA [(6R, 10R)-6,10,14-trimethylpentadecan-2-one] in
addition to a mixture of the four possible optical isomers of
HHA. Bioassays were conducted in southern Mexico and
Panama to test behavioral attractiveness to male orchid bees.

Methods

Identification and Stereochemistry of 6,10,14-Trimethylpen-
tadecan-2-one in Extracts of Euglossa Species Hexane
extracts of pairs of hind legs of individual male Euglossa
imperialis, E. allosticta, and E. crassipunctata (one each)
were purified on a 500 mg Strata SI-1 Silica Teflon coated
solid phase column with stepwise gradient elution using 1–
11% ethyl acetate in pentane in steps of 1%. An elution and
collection volume of 750 μl for each fraction was used,
with twice the volume for fractions 4–6. These fractions,
containing the ketone, were combined and evaporated to
dryness under a stream of argon at room temperature, and
then were redissolved in 1 ml of pentane and washed with
200 μl of 0.2 M KOH. The organic layer was collected and
dried with sodium sulfate before it was evaporated to
dryness under a stream of argon at room temperature and
finally redissolved in 50 μl cyclohexane.

The ketone in the purified extract was reduced to alcohol
with lithium aluminum hydride according to standard method,
and then was derivatized with (R)-(+)-trans-chrysanthemoyl
chloride (Brooks et al., 1973). The diastereomers were
analysed with a Hewlett-Packard 6890N gas chromatograph
(GC) with a polar Varian factorFOUR VF-23ms column
(30 m×0.25 mm i.d., df=0.25 μm) and an HP 5973 mass
spectrometer (GC-MS) in SIM mode (m/z=123, 124, 153,
and 168). The carrier gas (1 ml/min) was helium; 1 μl of the
sample was injected splitless, the injector temperature was
250°C, and the aux temperature was 280°C. The column
temperature was increased from 50°C by 10°C/min up to
110°C, from 110°C by 0.01°C/min up to 115°C, and from
115°C by 10°C/min up to 230°C.

Identification was made by comparing the retention
times and mass spectra of the unknown alcohol derivatives
with a reduced and derivatized synthetic reference mixture

of all four stereoisomers of 6,10,14-trimethylpentadecan-2-
one and also with a derivatized synthetic reference mixture
of (2S,6R,10R)- and (2R,6R,10R)-6,10,14-trimethylpenta-
decan-2-ol. Reduction of the ketone to the alcohol creates a
new stereogenic center at the carbon with the formed
hydroxyl group, which is disregarded when the stereochem-
istry of the original ketone is determined. Identification
also was made by comparing the GC/infra red (GC/FT-IR)
spectrum of the ketone in the extract with that of the
synthetic ketone.

Chemicals Commercially available chemicals were used
without further purification. Stereoisomerically pure (R,R)-
phytol was purchased from TCI America. Preparative liquid
chromatography was performed on normal-phase silica gel
(Merck 60, 230–400 mesh, 0.040–0.063 mm, 10–50 g/g of
product mixture) employing a gradient technique with an
increasing concentration (0–10%) of distilled ethyl acetate in
distilled cyclohexane. Progress of the reaction was moni-
tored with thin layer chromatography on silica gel plates
(Merck 60, precoated aluminium foil) using ethyl acetate
(40%) in cyclohexane as an eluent. Plates were visualized
with ultraviolet irradiation and/or by spraying with vanillin
in sulfuric acid and heating at 120°C. Purity of the product
was checked by GC on a Varian 3300 GC instrument using a
capillary column (EC-1, 30 m×0.32 mm i.d, df=0.25 μm,
with nitrogen as carrier gas and a split ratio of 1:20). The
temperature was programmed for 2 min at 100°C followed
by 10°C /min up to 300°C. GC-MS analyses were carried
out on a Saturn 2000 GC/MS/MS instrument with a Varian
3800 GC instrument, using a capillary column (CP-Sil 5 CB,
30 m×0.32 mm i.d, df=0.25 μm, carrier gas helium, column
flow = 1 ml/min, split ratio 1:20) and the temperature
program described above. GC/FT-IR analysis of the natural
and synthetic compounds was carried out on a Thermo
Scientific Nicolet 6700 FT-IR spectrophotometer, coupled
via an GC/FT-IR interface to an Agilent 7890A GC with a
polar Varian factorFOURVF-23ms column (30 m×0.25 mm
i.d., df=0.25 μm). The carrier gas (1 ml/min) was helium;
1 μl of the sample was injected splitless, the injector
temperature was 250°C, and the transfer line and flow cell
temperature were both set at 250°C. The column temperature
was increased from 50°C by 10°C/min up to 230°C, and
kept at 230°C for 10 min. Nuclear magnetic resonance
(NMR) spectra were recorded on a Bruker Avance 500
(500 MHz 1H, 125.8 MHz 13C) spectrometer using CDCl3 as
solvent and TMS as internal standard.

Oxidizing phytol with NaIO4 and a catalytic amount of
RuCl3 (Sasaerila et al., 2003) gave pure (6R/S,10R/S)-
6,10,14-trimethylpentadecan-2-one in near quantitative
yield. Synthesis of (6R, 10R)-6,10,14-trimethylpentadecan-
2-one was performed using the same method from stereo-
isomerically pure (R,R)-phytol.
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Bioassays The RR-HHA and the 1:1:1:1 stereoisomeric
mixture of HHA were dissolved at 100 mg/ml in pentane
(Uvasol, Merck, Germany). Bioassays were conducted on
2 days in two different forest localities (near Palenque and
near Lancanja, Chiapas) in southern Mexico in September
2008, and on 3 days in one forest locality in Central
Panama (Barro Colorado Island) in May 2009. Aliquots of
50 μl of test solutions and solvent controls were pipetted
onto filter papers (Whatman 1, 2.5 cm) pinned to trees at
breast height. Filter papers were observed between 0900 to
1200 and refreshed once or twice during the morning with
additional aliquots of 50 μl of test solution or solvent. We
routinely exposed other synthetic chemical bait compounds
(e.g., 1,8-cineole, methyl salicylate, p-dimethoxybenzene)
in the vicinity. Those were of much higher absolute
concentration than the HHA lures and at least 5 m away
from them. Males were only counted as having visited a
HHA lure when they had landed on the respective filter
paper and performed characteristic volatile collecting
behavior.

Results

HHA in hind leg pouches of male Euglossa imperialis, E.
allosticta, and E. crassipunctata is optically pure (6R,10R)-
6,10,14-trimethylpentadecan-2-one, based on comparison
with synthetic reference mixtures of known stereoisomeric
composition (Figs. 1 and 2).

Isomerically pure R,R-phytol and a 1:1:1:1-mixture of
phytol stereoisomers, respectively, were converted to
stereoisomerically pure (6R,10R)-6,10,14-trimethylpentade-
can-2-one and a 1:1:1:1-mixture (6R/S,10R/S)-6,10,14-
trimethylpentadecan-2-one, both in yields of 98% and
purities of >99%. All analytical data were in accordance
with those previously reported (Suga et al., 1989; Nam et
al., 2007; Zhao et al., 2007; Kalinová et al., 2009).

In bioassays both the (6R,10R)-6,10,14-trimethylpenta-
decan-2-one and the stereoisomeric 1:1:1:1-mixture
attracted male euglossine bees in southern Mexico and
Panama (Table 1), whereas solvent controls were not
attractive. Overall, the (6R,10R)-6,10,14-trimethylpentade-
can-2-one attracted more individuals and species than the
1:1:1:1-mix. Generally, the HHA lures attracted relatively
few bees in comparison with other synthetic compounds
that were exposed at the same time (data not shown). On
several occasions, a male E. imperialis first was attracted to
a 1,8-cineole bait and subsequently visited a HHA filter
paper.

Discussion

Our analytical results demonstrate that HHA in male
Euglossa hindleg pouches is (6R,10R)-6,10,14-trimethyl-
pentadecan-2-one. This is in agreement with HHA being
chemically derived from phytol [(2E,7R,11R)-3,7,11,15-
tetramethyl-2-hexadecen-1-ol] from source plants. We
further show that (6R,10R)-6,10,14-trimethylpentadecan-2-

Fig. 1 a GC-MS chromatogram
of a derivatized synthetic mix-
ture of (2S,6R,10R)- and
(2R,6R,10R)-6,10,14-trimethyl-
pentadecan-2-ol. b GC-MS
chromatogram of a reduced and
derivatized extract from
Euglossa crassipunctata. Two
peaks appear due to an extra
stereogenic centre created by the
reduction of the ketone to alco-
hol. Extracts from E. imperialis
and E. allosticta show the same
result
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one is a behaviorally active component for males of at least
six species of euglossine bees that actively approached and
collected the compound. Probably, extended bioassays
would further extend the list of responsive taxa, especially
with regard to rarer euglossine species. However, it should
be noted also that our bioassays in Panama failed to attract
Euglossa despecta, a species that has large quantities of
HHA in its hindlegs (Zimmermann et al., 2009) and that
was common at other chemical baits at the time of the
study. Generally, HHA did not attract as many male bees as
did some of the traditional synthetic bait compounds such
as 1,8-cineole, methyl salicylate, or p-dimentoxybenzene.
This may in part be explained by the relatively lower
concentration of HHA in our bioassays, but probably also

by its low volatility. HHA has a molecular weight of 268,
whereas the mentioned other attractants have molecular
weights around 150. In fact, HHA is the largest natural
molecule known to date that attracts male orchid bees in
pure form (Williams and Whitten, 1983; Ramírez et al.,
2002). Its attractiveness to males, along with the recent
discovery of other male-attracting semivolatiles in euglos-
sine fragrances (Eltz et al., 2008; Ramírez et al., 2010),
suggests that these larger and less volatile compounds are
functionally important in the male signal. On one hand,
they might act as a matrix or fixative for more volatile
components such as mono- and sesquiterpenes (Eltz et al.,
2007). On the other hand, they might represent the
characteristic core of the fragrance signal, which is
ornamented with more volatile but ubiquitous additives. In
other words, the large and heavy components may represent
the “base note” of a complex and multi-layered male odor.

Little is known about the natural source(s) of HHA for
male euglossine bees. Among the many floral scents and
essential oils analyzed by R. Kaiser (personal communica-
tion), HHA is relatively widespread, but occurs normally
only as a minor component. Notable exceptions are a small
number of euglossophilous orchids, in which HHA is the
dominant compound found in the floral headspace (>50%
of peak area): Polycycnis ornata, Kegeliella kupperi,
Acineta alticola, and Soterosanthus shepheardii (R. Kaiser
and M. Whitten personal communication). However, it is
doubtful whether any of these orchids would be present in
sufficient population densities to represent a significant
HHA source for orchid bees. The outstanding abundance of
HHA in male fragrances (Zimmermann et al., 2009)
suggests rather that HHA sources are highly available,
i.e., not orchids. Euglossine-pollinated aroids seem more
likely candidates. HHA represented about half of the

Fig. 2 GC/FT-IR spectra of
synthetic (6R,10R)-6,10,14-tri-
methylpentadecan-2-one and
extract of Euglossa allosticta

Table 1 Number of males of different species of orchid bees visiting
filter papers impregnated with either (6R,10R)-6,10,14-trimethylpen-
tadecan-2-one or a 1:1:1:1-mixture of (6R/S,10R/S)-6,10,14-trimethyl-
pentadecane-2-one at equal (overall) concentration. Solvent (pentane)
controls attracted no bees at all. Data were pooled across localities/
dates for Mexican and Panamanian bioassays

RR-isomer 1:1:1:1-mixture

Mexico

Euglossa imperialis 22 13

Euglossa hemichlora 1

Euglossa obtusa 1

Panama

Euglossa imperialis 22 3

Euglossa hemichlora 4

Euglossa igniventris 1

Exaerete frontalis 1

Eufriesea corusca 1
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volatiles in the headspace of inflorescences of Anthurium
thrinax, an euglossophilous aroid from French Guyana
(Hentrich et al., 2010). Among the male Euglossa visiting
this plant for fragrance collection, the majority were
Euglossa hemichlora (Hentrich et al., 2010), a widespread
species that also collected HHA in southern Mexico and
Panama (Zimmermann et al., 2009, this paper). Anthurium
thrinax is restricted to the Guianas; other euglossophilous
congeners occur in Central America (Dressler, 1968), but
their floral scent has not been investigated.

Acknowledgements We are grateful to Falko Fritzsch and Carlos
Hernandez Velez for help in the field. TE is supported by the Deutsche
Forschungsgemeinschaft (EL 249/4 and 6) and EH, JB, EW and JA
are grateful for the financial support from EU (Objective 2 the region
of South Forest Counties) and Länsstyrelsen i Västernorrlands län.

References

BROOKS C. J. W., GILBERT M. T., and GILBERT J. D. 1973. New
derivatives for gas-phase analytical resolution of enatiomeric
alcohols and amines. Anal. Chem. 45:896–902.

DODSON C. H., DRESSLER R. L., HILLS H. G., ADAMS R. M., and
WILLIAMS N. H. 1969. Biologically active compounds in orchid
fragrances. Science 164:1243–1249.

DRESSLER R. L. 1968. Observations on orchids and euglossine bees in
Panama and Costa Rica. Rev. Biol. Trop. 15:143–183.

ELTZ T., WHITTEN W. M., ROUBIK D. W., and LINSENMAIR K. E. 1999.
Fragrance collection, storage, and accumulation by individual
male orchid bees. J. Chem. Ecol. 25:157–176.

ELTZ T., ROUBIK D. W., and LUNAU K. 2005a. Experience-dependent
choices ensure species-specific fragrance accumulation in male
orchid bees. Behav. Ecol. Sociobiol. 59:149–156.

ELTZ T., SAGER A., and LUNAU K. 2005b. Juggling with volatiles:
exposure of perfumes by displaying male orchid bees. J. Comp.
Physiol. A 191:575–581.

ELTZ T., ZIMMERMANN Y., HAFTMANN J., TWELE R., FRANCKE W.,
QUEZADA-EUAN J. J. G., and LUNAU K. 2007. Enfleurage, lipid
recycling and the origin of perfume collection in orchid bees.
Proc. Roy. Soc. Lond. B Bio. 274:2843–2848.

ELTZ T., ZIMMERMANN Y., PFEIFFER C., RAMÍREZ PECH J., TWELE R.,
FRANCKE W., QUEZADA-EUAN J. J. G., and LUNAU K. 2008. An
olfactory shift is associated with male perfume differentiation and
species divergence in orchid bees. Curr. Biol. 18:1844–1848.

HENTRICH H., KAISER R., and GOTTSBERGER G. 2010. Floral biology
and reproductive isolation by floral scent in three sympatric aroid
species in French Guiana. Plant Biol. 12:587–596.

KALINOVÁ B., KINDL J., JIROS P., ZACEK P., VASICKOVA S.,
BUDESINSKY M., and VALTEROVA I. 2009. Composition and
electrophysiological activity of constituents identified in male
wing gland secretion of the bumblebee parasite Aphomia
sociella. J. Nat. Prod. 72:8–13.

NAM T.-G., RECTOR C. L., KIM H.-Y., SONNEN A. F. P., MEYER R.,
NAU W. M., ATKINSON J., RINTOUL J., PRATT D. A., and PORTER
N. A. 2007. Tetrahydro-1,8-naphthyridinol analogues of α-
tocopherol as antioxidants in lipid membranes and low-density
lipoproteins. J. Am. Chem. Soc. 129:10211–10219.

RAMÍREZ S. R., DRESSLER R. L., and OSPINA M. 2002. Abejas euglosinas
(Hymenoptera: Apidae) de la región neotropical: listado de especies
con notas sobre su biología. Biota Colombiana 3:7–118.

RAMÍREZ S. R., ELTZ T., FRITZSCH F., PEMBERTON R. W., PRINGLE
E. G., and TSUTSUI N. D. 2010. Intraspecific geographic variation
of fragrances acquired by orchid bees in native and introduced
populations. J. Chem. Ecol. 36: 873–884.

SASAERILA Y., GRIES R., GRIES G., KHASKIN G., KING S., TAKÁCS, S.,
and HARDI. 2003. Sex pheromone components of male Tirathaba
mundella (Lepidoptera: Pyralidae). Chemoecology 13:89–93.

SUGA T., OHTA S., NAKAI A., and MUNESADA K. 1989. Glycinopre-
nols: novel polyprenols possessing a phytyl residue from the
leaves of soybean. J. Org. Chem. 54:3390–3393.

VOGEL S. 1966. Parfümsammelnde Bienen als Bestäuber von Orchid-
aceen und Gloxinia. Österr. Botan. Zeit. 113:302–361.

WILLIAMS N. H., and WHITTEN W. M. 1983. Orchid floral fragrances
and male euglossine bees: methods and advances in the last
sesquidecade. Biol. Bull. 164:355–395.

WILLSTÄTTER R., and STOLL A. 1913. Untersuchungen über Chloro-
phyll. Verlag J. Springer, 424 pp.

ZHAO L., JIN C., MAO Z., GOPINATHAN M. B., REHDER K., and
BRINTON R. D. 2007. Design, synthesis, and estrogenic activity
of a novel estrogen receptor modulator—a hybrid structure of
17β-estradiol and vitamin E in hippocampal neurons. J. Med.
Chem. 50:4471–4481.

ZIMMERMANN Y., RAMÍREZ S. R., and ELTZ T. 2009. Chemical niche
differentiation among sympatric species of orchid bees. Ecology
90:2994–3008.

1326 J Chem Ecol (2010) 36:1322–1326


	(6R, 10R)-6,10,14-Trimethylpentadecan-2-one, a Dominant and Behaviorally Active Component in Male Orchid Bee Fragrances
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


