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Abstract

BACKGROUND Neonicotinoids insecticides are under review due to emerging toxicity to
non-target species. Interest has focused on biological pollinators whilst their effects on other
organisms that are key contributors to the ecosystem remain largely unknown. To advance this
we have tested the effects of representatives of three major classes of neonicotinoids,
thiacloprid, clothianidin and nitenpyram on the free-living nematode Caenorhabditis elegans
(C. elegans), as a representative of the Nematoda, an ecologically important phylum
contributing to biomass.

RESULTS Concentrations that are several-fold higher than those with effects against target
species had limited impact on locomotor function. However, increased potency was observed
in a mutant with a hyper-permeable cuticle which shows that drug access limits the effects of
the neonicotinoids in C. elegans. Thiacloprid was most potent (ECso 714 uM). In addition, it
selectively delayed larval development in wild-type worms at 1 mM.

CONCLUSIONS C. elegans is less susceptible to neonicotinoids than target species of pest
insect. We discuss an approach in which this defined low sensitivity may be exploited by
heterologous expression of insect nicotinic acetylcholine receptors from both pest and
beneficial insects, in transgenic C. elegans with increased cuticle permeability to provide a

whole organism assay for species-dependent neonicotinoid effects.

1 INTRODUCTION

Since launching into the agrochemical market in the 1990s, neonicotinoids became the most
commonly used insecticides worldwide '. Currently, there are six compounds used as crop
protectants and one used as external pest control agent. These are classified into N-
nitroguanidine (imidacloprid, dinotefuran, thiamethoxam, and clothianidin), N-

cyanoamidines (acetamiprid and thiacloprid) and nitromethylenes (nitenpyram). Several



factors contribute to their success, including high potency against a wide range of piercing
and sucking pests 2, selective toxicity to insects over humans 3, distinct mode of action, and
advantageous psychochemical properties which allow a diversity of application methods *.
Nevertheless, there are emerging issues associated with their use which currently focus on
their potential toxicity towards one of the most important biological pollinators, bees °. This
focus has instigated many studies but the effects on other biomass important organisms e.g.
other pollinators, molluscs ® or nematodes have not been investigated in depth or

systematically.

Pharmacological and electrophysiological data suggests that nicotinic acetylcholine receptors
(nAChRs) are the principal site of action of neonicotinoids "!°. However, different
neonicotinoids exhibit differential mode of action depending on the sub-type of receptor
investigated. Some act as full, partial and some as super-agonists '°!°. As an example,
clothianidin is a super-agonist on hybrid chicken-Drosophila receptors '° and on the native
nAChRs expressed in Drosophila CNS 7 In contrast it acts as a partial agonist on cockroach

CNS neurons '3,

The widespread use and issues associated with neonicotinoids requires better understanding
of their specificity but even compounds with the same chemical pharmacophore target
distinct nAChR subunits '*2°, An important limitation relates to the difficulty in achieving
heterologous expression of insect nAChRs 2!, The desire to routinely express these receptors
has led to search for co-factors that underpin their expression in vivo that can be transplanted
to heterologous systems. An important step forward involved cross-referencing understanding
of the molecular determinants of C. elegans receptor expression to the investigation of insect

receptors. Thus, studies on the determinants of nAChR expression in C. elegans in vivo



identified a nematode molecular chaperone RIC-3 %23, Its conserved role is shown by the
observation that it is obligatory to expression of insect receptors in Xenopus oocytes **.
Therefore, transgenic approaches in the model organism C. elegans could serve as a platform

to identify neonicotinoid-sensitive, insect nAChRs.

The C. elegans genome contains a predicted 29 nAChR subunits %. A subset of these are
expressed at the neuromuscular junction of the pharyngeal and the body wall muscle and are
involved in feeding, locomotion, and reproduction. In addition they have wide expression in
sensory and integrating circuits implicated in higher function chemosensory driven
behavioural responses and other environmentally cued behaviours underpinning plasticity 2.
This involvement of nAChRs in cholinergic pathways that regulate environmentally driven
behavioural adaptation in C. elegans is similar to their role in pollinating insects where it has

been shown that neonicotinoids have the ability to disrupt neural plasticity 27>,

In the current study we have evaluated the impact of different chemical classes of
neonicotinoids on C.elegans behaviours with a longer term goal of establishing this as a
transgenic model for the expression of insect nAChRs and characterisation of their interaction
with neonicotinoids. We investigated the effects of three classes of neonicotinoids:
thiacloprid, clothianidin and nitenpyram, and compared them to the definitive nAChR
agonist, nicotine. We exposed worms to high concentrations of drugs acutely (4 hours) and
chronically (24 hours) and determined effects on locomotion and development. We indicate
how the whole organism approaches are facilitated by mutants that enable drug dosing in the
intact organism. This identifies an ability to report acute and chronic effects of these

important compounds and a potential route to investigate their ecotoxicology. This work



provides a benchmark against which the genetic tractability of the worm can be used to

investigate neonicotinoid mode of action.

2 METHODS

2.1 C. elegans maintenance

Wild-type (N2 Bristol strain) and strain CB7431 (Genotype: bus-17, (br2) X, outcrossed 4
times; obtained from CGC) C. elegans were cultured at 20°C on nematode growth medium
(NGM) agar plates seeded with 50 pL lawn of OP50 Escherichia coli strain **. Experiments
were performed on young hermaphrodite adults (L4+1 day). Drugs and reagents were
purchased from Sigma Aldrich. Observations were made using a binocular microscope,
unless otherwise stated. Results are expressed as mean = SEM of ‘N’ determinations. Graph

generation and measurement of ECso was performed in GraphPad (version 6.07).

2.2 Drug solutions

Thiacloprid and clothianidin were dissolved in 100% dimethyl sulfoxide (DMSO) and added
to experiments so the drug vehicle concentration was 0.5% v/v. Nitenpyram and nicotine
stocks were prepared by dissolving drugs in dH20 and diluted to the indicated final
concentrations. Thiacloprid, clothianidin and nicotine stocks were kept at -18°C for up to 1
month, whereas nitenpyram stock was made immediately prior to experiments. Nitenpyram
containing solutions were protected from light between the measurements to prevent photo-

degradation.



2.3  Acute exposure and effects on motility; thrashing assay

In liquid C. elegans make rhythmic stereotypical flexing movements centred on the midpoint
of their body called ‘thrashing’. To assess the impact of neonicotinoids on C. elegans motility
thrashing was assayed. Experiments were performed in a 24-well plate in a final volume of
500ul of phosphate buffer (M9)*® with 0.1% Bovine Serum Albumin buffer with either
drug/solvent or solvent alone as control. Typically 2 (vehicle control) or 6 (treatment) worms
were picked into a single well containing phosphate buffer and left for at least 5 minutes to
equilibrate to the solution. Then thrashes, defined by a single inflection back and forth, were
counted for a duration of 30 seconds, defined as time zero, to provide baseline measurement
for each worm. Subsequently, either drug/solvent or solvent alone (50 puL) was added to the
wells and carefully mixed by pipetting the bath volume up and down to give the final desired
concentration. Thrashing rate was scored for 30 seconds at time points: 10, 30, 40, 60 and

120, and 240 minutes post-addition of the drug/drug vehicle.

2.4  Chronic exposure and effects on motility; body bends

To allow chronic exposure to drugs experiments were performed in 6-well plates on solid
nematode growth medium (NGM agar) in which three of the wells were seeded with E. coli
OPso to allow 24 hour exposure of the young adult worm to drug in the presence of food and
the remaining three wells were left E. coli free to provide an assay arena for motility.
Clothianidin, thiacloprid and nicotine were incorporated in the medium by first making stock
solutions in DMSO. Stock solutions or DMSO were added to molten NGM (55°C) to give the
final indicated concentration in which DMSO (vehicle) did not exceed 0.5%. Each well of the
6-well plate was filled with 3 ml of molten NGM either with vehicle control or with
drug/vehicle and left to solidify. 50 pL of E. coli OPso (ODsoonm= 0.8-1) was added to three of

the wells and the plates left in the fume hood for two hours to dry. The remaining 3 wells



were left without OPso. One day old adult hermaphrodites were placed in each of the wells
containing OPso with either drug/vehicle or vehicle only. 24 hours later worms were
transferred into the wells without OPso containing either drug/vehicle or vehicle only. After
10 minutes acclimatisation period, the motility of worms on solid medium was measured by

counting the number of body bends per minute.

2.5 Development assay

One day old adult hermaphrodites (6-10) were placed into wells of a 6-well plate where the
wells contained NGM, with or without drug or solvent, and seeded with OPso, as described
above. After 1 hour they were removed from the wells and the eggs they had laid were left
behind. The larval development of hatched progeny was monitored. Developmental stages
were identified following size/vulva/eggs present in the uterus according to criteria described
by Karmacharya et al.>! L1 were the smallest worms on the plate. L2 were slightly bigger, L3
bigger still, more mobile and displayed a pre-vulva space. L4 were identified by the
appearance of the premature vulva, whereas gravid adults had a fully formed mature vulva
and eggs present in their uterus. These observations were typically made at 60x
magnification but when necessary, worms were viewed at higher magnification, under Nicon
Eclipse E800 microscope at time point: 24, 30, 48, 54, 72, 80, 96, 120, 144 hours after eggs
were laid. Results are represented as worms in each developmental stage as a mean % of total

population size.

3 RESULTS
3.1 Nicotine and neonicotinoid effects on C. elegans motility
Wild-type N2 worms can sustain rhythmic thrashing in liquid for 4 hours and this is subject

to a concentration-dependent inhibition in the presence of nicotine (Figure 1 a). At the
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highest concentration tested, 100 mM, the inhibition is relatively rapid and complete
inhibition of thrashing is observed at 10 minutes. Solubility restricted the concentrations that
could be tested for thiacloprid and clothianidin to a maximum of 1 and 2.5mM, respectively,
and neither of these compounds inhibited thrashing at these concentrations in contrast to
ImM nicotine (Figure 1a). Nitenpyram elicited an inhibition at 100 mM but unlike nicotine

this was not a complete paralysis.

3.2  Effect of nicotine and neonicotinoids on mutant C. elegans with increased cuticle
permeability

An important and poorly defined determinant of potency is the ability of a drug present in the

external environment to access the interior worm, either by ingestion and absorption across

the gut wall or diffusion, and perhaps transport, across the cuticle. In the case of nicotine and

neonicotinoids this may be a limiting factor in terms of their biological activity as they

require access to neurotransmitter receptors that are expressed on muscle and neurons. Worm

mutants with aberrant cuticular integrity have enhanced sensitivity to drugs* 3

and provide a
useful experimental model to investigate whether drug absorption across the nematode cuticle
is a limiting factor in drug sensitivity. The baseline behaviour of the cuticle mutant, bus-17, is
similar to N2 and it thrashes at a similar rate (Figure 1b). As before, nicotine and nitenpyram
showed a rapid and dose dependent inhibition of thrashing, however the potency of both
compounds was markedly shifted to lower concentrations (Figure 1b). Remarkably, the bus-
17 mutant revealed a susceptibility of C. elegans to thiacloprid and clothianidin that was not
apparent in wild-type N2 worms with intact cuticle (Figure 1b). This increased potency is
summarized in concentration-response curves for nicotine, thiacloprid, clothianidin and

nitenpyram (Figure 2). In the bus-17 mutant thiacloprid is the most potent of the compounds

tested with an ECso of 480 uM.



The thrashing assays revealed effects of the compounds on motility over a time-course of 4
hours but are not suited for longer drug exposure assays as they are conducted in the absence
of the worm's food, E. coli OPso and therefore over the course of a day control worms will no
longer thrash. Therefore to test whether or not more protracted exposure to the compounds
would further increase the sensitivity of C. elegans to the inhibitory effects on motility, i.e.
24 hours exposure rather than 4 hours exposure, we used an assay in which adult worms are
exposed to the drugs on an agar lawn laced with E. coli OPso (Figure 3) allowing chronic drug
exposure via ingestion and through the cuticle. Again, the potency of nicotine was greater in
the bus-17 mutant compared to N2 and for clothianidin and thiacloprid revealed a sensitivity
that was not evident in N2. An analysis of the concentration-response curves for nicotine,
thiacloprid and clothianidin indicates that thiacloprid is the most potent inhibitor of body

bends (Figure 4).

3.3  Effects of nicotine and neonicotinoids on C. elegans development

During the time-frame of the chronic dosing experiments described above wild-type N2
worms will typically lay eggs which hatch into larva and then over the course of 3 further
days will mature into adults. We noted during the chronic dosing of adult worms with
neonicotinoids that this developmental programme appeared to be delayed by nicotine and
thiacloprid and therefore investigated the impact of these compounds on larval development
in more detail. To do this, we monitored the progression of larval development from a
synchronized population of eggs through L1, L2, L3 and L4 by counting the relative
proportion of each developmental stage after 1, 2, 3 and 6 days exposure to the compounds.
Both nicotine and thiacloprid were found to slow larval development (Figure 5). The

differential distribution of distinct larval stages following nicotine and thiacloprid dosing was



most marked at day 2, with the effect of thiacloprid the most marked. This suggests the drug
impacts on L2 to L3 transition. Clothianidin and nitenpyram at 1 mM failed to shift the

development (data not shown).

4 DISCUSSION AND CONCLUSIONS

To initiate investigations of poorly understood toxicity of neonicotinoids on important
biomass organisms, nematodes, we have exposed the free-living nematode C. elegans to
thiacloprid, clothianidin, nitenpyram and to the well-studied nAChR agonist, nicotine.
Previous studies ** report effects of low mM concentrations of thiacloprid and imidacloprid
on reproduction. In our study we investigated effects on motility and in wild-type N2 worms
we observed no significant impairment of locomotion upon acute or chronic exposure to the
neonicotinoids thiacloprid or clothianidin although there was an inhibitory effect of
nitenpyram at high millimolar concentrations. In contrast, nicotine paralysed C. elegans at
lower millimolar concentrations and it was notable that the potency was ten times greater
with chronic exposure compared to acute assays, consistent with the suggestion that nicotine

does not permeate the worm’s cuticle readily.

To investigate the role of cuticle in drugs permeability, we performed locomotion assays on
C. elegans mutant, characterised by a more “leaky” cuticle (bus-17)*2. We observed clear
inhibitory effects of thiacloprid and clothianidin on motility at high micromolar
concentrations, with the former being the most potent out of all compounds tested. Since the
field levels of neonicotinoids in soil and water are orders of magnitude lower (low
micromolar concentrations in water and 2 ng per g in soil)*® at least short term exposure to
neonicotinoids should have limited effect on related nematodes, assuming that N2 C. elegans

is a predictor for wild isolates and nematode species. However, protracted incubation with
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nicotine and thiacloprid delayed larval development of wild-type N2, suggesting compounds
may accumulate in the nematode's tissues, highlighting the importance of bioaccumulation in
determination of ecotoxicity. Moreover, neonicotinoids have been shown to disrupt aspects of
movement in bees*® and in C. elegans 7 (this study). In bumblebees there is also evidence for
disruption of higher cognitive tasks by neonicotinoids ** and therefore efforts into
determining whether neonicotinoids impact on more intricate behavioural repertoires in C.

elegans are also worthy of further investigation .

Overall our data highlight that C. elegans is not susceptible to field relevant concentrations of
neonicotinoids despite the fact that susceptibility to high concentrations of all three of the
neonicotinoids tested can be demonstrated in a mutant with increased cuticle permeability.
Indeed, our data suggest that neonicotinoids are three orders of magnitude less potent on C.
elegans, than on insects 2723846 This creates an opportunity to use a C. elegans transgenic
model hopping approach which utilises the introduction of genes of interest, from either pest
species or other non-target organisms, in to wild-type or mutant C. elegans to provide an
experimentally tractable system to investigate mode of action and selective toxicity *’*°. This
approach will use manipulation of the insect genes encoding candidate neonicotinoid-
sensitive nAChRs. As C. elegans possess essential biosynthetic machinery for invertebrate
nAChR receptor 2> 2* this creates a favourable cellular environment for receptor expression.
Potential candidate insect nAChR subunits are brown planthopper Nilaparvata lugens ol >°
green peach aphid Myzus persicae B1 subunits both associated with neonicotinoid-resistance,
as well linked to neonicotinoid-susceptibility an al subunit of housefly Musca domestica °'.
The data shown in this study indicate that the C. elegans bus-17 mutant will provide a useful

genetic background for these studies by enhancing the access of neonicotinoid compounds to

their target receptor expressed in the worm. Therefore, by expressing subunit combinations in

11



the bus-17 background, one can apply cellular assays to investigate the functionality of the
heterologous receptors 4’ and compare neonicotinoid-sensitivity of transgenic versus control
strains in behavioural assays. Such pharmacological and structural characterisation is crucial
in understanding neonicotinoid-induced behavioural alterations and may contribute to the

identification of new more selective neonicotinoids.
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Figure legends

Figure 1. The concentration-dependence and time course for the inhibitory effect of nicotinic
compounds on motility of C. elegans.

Wild type (a) and bus-17 (b) worms were acutely exposed to varying concentrations of
nicotine thiacloprid, clothianidin, nitenpyram or drug vehicle (control), in liquid medium.

Their effect on thrashing over time was recorded. Data are mean == SEM collected over >2

observations, with number of determinations specified in brackets. One way Anova (Kruskal-

Wallis test) with Dunn’s Corrections, *P < 0.05, **P < 0.01, ***P <0.001, ****P < 0.0001.
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Figure 2. Dose-response curves for the effects of nicotinic compounds on motility in liquid
medium of C. elegans.

Concentration-response curves for the effects of a) nicotine, b) thiacloprid, c¢) clothianidin
and d) nitenpyram on thrashing of bus-17 (grey) and wild-type N2 (black) C. elegans.
Thrashing rates were generated by taking 60 (nicotine and nitenpyram) or 120 minutes
(thiacloprid and clothianidin) time points; that is when the steady-state was reached (Figure
1), and expressed as a percentage of the control thrashing activity. ECso values (concentration
of the drug that produced 50% paralysis) are shown in black for N2 and grey for bus-17. Data
are mean = SEM. The ECso for clothianidin is an approximation as at the highest

concentration tested (2.5mM) the maximum inhibition observed was 50%.
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Figure 3. The concentration-dependence for the effects of chronic exposure to nicotinic
compounds on locomotion of C. elegans.

Wild type (a) and bus-17 (b) worms were exposed for 24 hours to varying concentrations of
nicotine, thiacloprid, clothianidin or drug vehicle (control), incorporated into solid medium.

Body bends were counted by visual observation. Data are mean == SEM, collected over >3

observations number of replicates are given in graph bars. One way Anova (Kruskal-Wallis

test) with Dunn’s Corrections, *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001.
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Figure 4. Concentration-response curves for the effects of chronic nicotine and neonicotinoid
compound treatment on locomotion of C. elegans.

Concentration-response curves for the effects of a) nicotine, b) thiacloprid, and c)
clothianidin on body bends rates of bus-17 mutant (grey) and wild-type N2 (black) C.
elegans. Body bends rates are expressed as a percentage of the control activity. ECso values
(concentration of the drug that produced 50% paralysis) are shown in black for N2 and grey

for bus-17. Data are mean + SEM.
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Figure 5. Effects of nicotine and thiacloprid on larval development of wild type C. elegans.
Wild-type young hermaphrodites laid eggs on plates dosed with 1mM thiacloprid, ImM
nicotine or drug vehicle (control). Larval development in the presence of drugs was
monitored over time. Worms were assigned to each one of 5 life-stages, namely L1, L2, L3,
L4 and gravid adults. The fraction of worms in each stage as a % of total population at time
point: 30, (day 1), 48 hours (day 2), 72 hours (day 3), 144 hours (day 6) was measured. Data

are shown as the mean of N > 3.

24



1

Time (days):

L4

Adult
= L3
O 2
&R L1

'
A R A
R R R RE RN EERRLRRRR PR FLES P I RR RN P RN RS

B A A
R R DB DR DB DR RE RN R R E R I REER R R AT RR DD o

e [ [ [ [T 1] []]

R A A A A A A A XA )
NI R RN NI NN NI EEE R R EIIIENEI NN NI NI RINNINNNI RN

11
(INRRRRRRNRARREREN(]
AT T

i |
1!
1! | 2l

1004
5

uone|ndod |ejo} jo ¢,

pudojoeiy |
aUnooIN
|oJjuon

pudojoely |
auBOdIN
|oJjuon

pudojoely |
aunoodIN
|odpuon

pudojoely |
aunooIN
|olyuod

25




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


