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Abstract: The neural protein a-synuclein aggregates both in vivo and in vitro to form insoluble fibrils that are involved in
Parkinson’s disease pathogenesis. We have generated a-synuclein/fluorescent-protein fusion constructs overexpressed in
muscle cells of the nematode, Caenorhabdtis elegans. Green Fluorescent Protein (GFP) variants, Cerulean (C) or Venus
(V), were fused to the C-terminus of human o-synuclein (S); the resultant fusion genes were designated SV and SC, plus a
CV fusion as well as S, C and V singly. The aggregation behavior of the purified fusion proteins (expressed in E. coli) will be
described elsewhere. These constructs were fused to a C. elegans unc-54 myosin promoter, and integrated transgenic lines
generated by microinjection, y-irradiation, and outcrossing of fluorescent progeny. All transgenic lines expressing o-
synuclein showed significant reductions (p < 0.05) in lifespan, motility and pharyngeal pumping, as compared to wild-
type worms or lines expressing CFP and/or YFP only. We showed that CFP and YFP labels colocalised in granular
inclusions throughout the body wall in transgenic lines expressing both SC and SV fusions (SC+SV), whereas SV+C
worms displayed YFP-labelled inclusions on a diffuse CFP background. These findings implied that the a-synuclein
moieties of these fusion proteins still aggregated together in vivo, whereas CFP or YFP moieties alone did not. This in
turn suggested that Foerster Resonanace Energy Transfer (FRET) between CFP and YFP labels in a-synuclein aggregates
could allow the extent of aggregation to be quantified. Accordingly, we also showed that net FRET signals increased 2-

fold between L4 and adult SC+SV worms.
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INTRODUCTION

Certain proteins have a propensity to aggregate both in
vivo and in vitro, leading ultimately to the formation of
fibrillar aggregates (amyloid fibrils), which are a typical
pathological feature of several important neurodegenerative
diseases, such as Alzheimer’s and Parkinson’s [1, 2]. These
large fibrillar aggregates may well be the end result rather
than the cause of neuronal toxicity and cell death, since
several recent studies implicate smaller protein oligomers as
the key neurotoxic species [3]. The characteristic extra- or
intra-cellular aggregates observed in Lewy bodies or in
dopaminergic neurons within the substantia nigra in
Parkinson’s disease patients [4] are principally composed of
a small, natively unfolded neural protein called a-synuclein
[5], which was first linked to the disease through two mutant
variants (A53T or A30P) that cause autosomal dominantly
inherited forms of the disease [6, 7]. However, generating
suitable animal models of Parkinson’s disease has proved
problematic in several respects [8], and several groups have
resorted to simplified invertebrate models that mimic only
certain aspects of the disease, e.g. in Drosophila [9, 10].
Typical among these are several transgenic Caenorhabditis
elegans models overexpressing human o-synuclein in
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various cell types, e.g. in body-wall muscle [11, 12], pan-
neuronally or else in dopaminergic neurons only [13]. The
principal advantages of performing such studies in the C.
elegans model [14] include its small size, transparency and
anatomical simplicity, combined with its rapid development
(3.5 days from egg to adult at 25°C), excellent genetics [15],
reproduction predominantly by hermaphrodite self-fertili-
sation (allowing easy maintenance of mutant or transgenic
stocks), straightforward production of transgenic lines [16,
17], complete genome sequence [18], and genome-wide
RNA interference (RNAI) by feeding [19]. Transgenic GFP
reporter strains of C. elegans allow direct monitoring of gene
expression levels in living worms [20], a feature which has
been exploited in strains expressing a-synuclein:GFP fusion
proteins (such as the unc-54::a-synuclein:YFP construct in
strain NL5901 [12, 21]).

The present study follows this well-established
precedent, but with a novel twist. We have co-injected N2
worms with a mixture of unc-54::a-synuclein:CFP (o-
synuclein fused at its C-terminus with the blue or Cyan
variant of GFP; henceforward this fusion is designated SC)
and unc-54::a-synuclein:YFP (a-synuclein similarly fused to
the yellow or Venus variant of GFP; this fusion is designated
SV), generating an integrated double transgenic strain that
expresses both CFP and YFP fusion proteins (unc-
54::SC+SV). In vitro aggregation studies using these same
fusion proteins (expressed in E. coli) are being published
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separately. Since CFP emissions overlap with YFP excitation
wavelengths, this combination of fluorescent tags allows the
progress of a-synuclein aggregation to be monitored via
Foerster Resonance Energy Transfer (FRET), whereby the
donor CFP is excited at ~450 nm but emissions are read in
the acceptor YFP range (~540 nm) [22]. Such FRET signals
arise from donor CFP emissions exciting a nearby acceptor
YFP molecule, which can only happen when the two
fluorescent tags are in very close proximity (within about 70
Angstroms [22]) - effectively, within the same protein
aggregate rather than free in cytosolic solution. However,
cross-over between the CFP and YFP channels is inevitable
(particularly for CFP signals in the YFP emission range), and
this needs to be corrected for in any FRET-based assay (see
Methods). To maximize expression of both fluorescent tags
attached to a-synuclein, we chose to drive these constructs
with the unc-54 major myosin promoter, ensuring abundant
expression of both fusion proteins within the body wall
muscle. A series of other transgenic strains was also
constructed using the same unc-54 promoter, expressing CFP
(C), YFP (V), a-synuclein (S) and various fusion proteins
(SC and SV), either alone or in combination. This paper
reports a preliminary characterization of these strains in
terms of simple life history parameters such as
developmental time, brood size, motility, pharyngeal
pumping rate and lifespan, as well as monitoring a-synuclein
aggregation during early adult life.

MATERIALS AND METHODS
Construction of Transgenic Strains

N2 and NL5901 (essentially an integrated o-
synuclein:YFP fusion construct driven by the unc-54
promoter [12]) strains of C. elegans were obtained from the
Caenorhabditis Genetics Center (University of Minnesota,
USA; funded by the NIH National Center for Research
Resources). All transgenes generated in this study are listed
in Table 1, and the design strategy is outlined in Fig. (1).
Essentially, the human a-synuclein coding sequence (here
designated S) [23] was fused at its C-terminus to either
Cerulean (cyan CFP; designated C) [24] or Venus (yellow
YFP, designated V) [25] variants of GFP, with no added
linker apart from 2 amino acids (phe-glu) introduced by the
cloning site. Transgenic worms carrying the desired gene of
interest were produced by micro-injection of recombinant
DNA (100 ng pul™ of each plasmid; < 1 ng per worm) into the
worm gonad, where they were transferred as extra-
chromosomal arrays to unfertilized eggs. The fluorescent
protein tags served as markers here, indicating which worms
were transgenic. Transmitting lines for the various
transgenes of interest were obtained and maintained by
selection of fluorescent worms. Strains with stable
chromosomally integrated transgenes were obtained by y-
irradiation at 2000-4000 rads (gamma cell unit with a
¥7Caesium source; Nordion International Inc). Progeny of
irradiated worms were screened for 100% transmission of
transgenes and then outcrossed 5 times with wild-type N2 to
remove deleterious mutations elsewhere in the genome.
These procedures followed standard Wormbook protocols
for generating integrated transgenic lines of C. elegans [26].

Bodhicharla et al.

Worms were cultured on standard Nematode Growth
Medium (NGM) agar plates using a lac-deleted strain of E.
coli (P90C) as food source, as described previously [27]; all
worm washing and handling used K medium (53 mM Nacl,
32 mM KCI [28]) throughout.

For initial cloning of fusion genes, Cerulean (CFP, C),
Venus (YFP, V) and synuclein (S) were PCR amplified and
cloned into pGEMT Easy with restriction sites added to the
ends as follows:

. Ncol-Cerulean-Sacl
. Ncol-Venus-Sacl
. Ncol-Synuclein-Sacl

. Ncol-Cerulean-Csp45I
. Ncol-Synuclein-Csp45I
. Csp451-Cerulean-Sacl

. Csp451-Venus-Sacl

Clones were sequenced to exclude the possibility of
PCR-induced mutations. Cloned genes were then excised
from pGEMT Easy using the restriction enzymes listed
above, and ligated into pET-30a either singly or in pairs.
pET-30a was double digested with Ncol and Sacl prior to
ligation. For double ligations, Ncol-gene-Csp451 and
Csp451-gene-Sacl were simultaneously ligated into pET-30a
to produce gene fusions. They were further subcloned into
pPD 30.38 (Addgene Fire lab vector). The following
products were subcloned into pPD 30.38 in this way:

. Cerulean C
. Venus \Y%
. Synuclein S
. Cerulean-Venus cVv
. Synuclein-Cerulean SC
. Synuclein-Venus sV

Egg to Adult Development Time

The egg to adult development time of worms was
monitored by picking individual hermaphrodites at the late
L4 stage on to separate NGM agar plates. On reaching the
adult stage, they were allowed to lay eggs for 2 hours, then
the adults were removed. Eggs were allowed to develop at
20°C until the larvae reached adulthood and began to lay
eggs. The developmental time for each worm was calculated
from egg to egg-laying adult.

Brood Size

L4 hermaphrodites of the desired genotype were
transferred individually onto NGM agar plates at 20°C, and
transferred to fresh plates at 24 hour intervals. The progeny
were counted at late larval to adult stages by flaming worms
one by one. An embryo was scored as being dead if the egg
had not hatched after 24 hours at 20°C. The brood size for
each animal was calculated as the sum of both hatched and
non-hatched progeny.
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Table1l. Transgenes and Gene Constructs

No. Transgene and Integration Status Gene Construct with Restriction Sites
1 Cerulean (C) Non-integrated Ncol-Cerulean-Sacl
2 Venus (V) Integrated Ncol-Venus-Sacl
3 Cerulean + Venus (C+V) Integrated Ncol-Cerulean-Sacl + Ncol-Venus-Sacl
4 Cerulean-Venus Integrated Ncol-Cerulean-Csp451/Csp45I-Venus-Sacl
5 Synuclein + Venus Integrated Ncol-Synuclein-Sacl/Ncol-Venus-Sacl
6 Synuclein-Venus (SV) Non-integrated* Ncol-Synuclein-Csp45I + Csp45I-Venus-Sacl
7 Synuclein-Venus + Synuclein-Cerulean Integrated Ncol-Synuclein-Csp451/Csp451-Venus-Sacl + Ncol-Synuclein-Csp451/Csp45I1-Cerulean-Sacl

List of all the transgenes expressed in C. elegans using the unc-54 promoter. Restriction enzymes were added to cut these gene constructs and various combinations used for
construction of gene-fusions as indicated in the table. The genes were cloned into pPGEMT-easy plasmid and sub-cloned into pET30a and subsequently into pPD30.38 (Fire lab
vector, Addgene; http://www.addgene.org/firelab/ ) incorporating the unc-54 promoter site. A slash (/) designates fusion of the sequences indicated, whereas a plus sign (+) indicates
a mixture of both sequences. The integration status of each strain is indicated in the second column. *Although our own unc-54::SV strain was non-integrated, a very similar

construct is fully integrated in strain NL5901.
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Fig. (1). Schematic representation of the cloning and sub-cloning of a-synuclein fused with Venus (YFP). All other fusion transgenes were

created in a similar fashion.
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Pharyngeal Pumping Rate

Pharyngeal pumping rates were determined by picking 10
adult worms from the bacterial lawn on an NGM agar plate
and transferring them onto a bacteria-free plate, since it was
difficult to observe pharyngeal pumping on food-containing
agar plates as worms tend to hide under the bacteria.
Pharyngeal pumping was observed for each of the 10 worms
for 1 minute at room temperature (~ 20°C) using a dissection
microscope (Olympus Model SZX12).

Locomotion Rate

Locomotion rates were measured by picking individual
adult worms from an NGM agar plate with bacteria and
transferring them onto a bacteria-free plate. The number of
bends performed by each worm over a 30 second interval
was then determined. 10 such worms were measured for
each strain at room temperature (~ 20°C), using a dissection
microscope as above.

Lifespan

The lifespan of worms was determined by picking
individual hermaphrodites at the late L4 stage onto separate
plates. They were left for 2 hours to produce eggs, then the
adults were removed. The eggs were allowed to develop at
20°C until larvae reached the L4 stage, when they were
transferred onto a separate plate and incubated overnight at
20°C. Next day the adults were transferred onto a new plate
leaving their offspring behind on the old plate. The same
process was repeated until the worms stopped producing
offspring (usually 3-4 days). The adult worms were allowed
to grow on at 20°C, and were monitored daily by tapping
them on the head. Animals were considered dead if no
movement was observed following repeated probing. Once
worms were identified as dead, their lifespan was calculated
from egg until death.

FRET Analysis of Unc-54 :: SC+SV and SV Worms

SC+SV and SV worms were grown on 14 cm NGM
plates for 4 days at 15°C and synchronized by L1 filtration
using a 5um mesh filter [29]. This crude method of
synchronization was chosen in preference to the standard
method of egg isolation by bleaching, in order to avoid
possible confounding effects on a-synuclein aggregation
caused by treatment with toxic bleach (NaOCI). To monitor
FRET signals during ageing, synchronized L4 larvae of both
SC+SV and SV (NL5901 [12]) strains were washed
repeatedly with K medium [28] and worm numbers counted.
Worm suspensions were diluted as necessary to equalize
worm numbers between the strains and time points
compared, and were stirred continuously during dispensing
[20]. At least 4 replicate 300 pl aliquots (each containing
1000 to 1500 worms) were placed in separate U-bottomed
wells in 96-well non-fluorescent black plastic plates (Nunc
Ltd, from Fisher Scientific, Loughborough, UK) and kept on
ice for 10-15 min to allow worms to settle at the bottom of
each well. Plates were read in a Perkin-Elmer Victor 1420
Multi-Label Reader (< 2 min per plate), using narrow
bandpass filters at 430 nm for CFP excitation and at 530 nm
for YFP emission (total FRET). For determinations of CFP,
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excitation was at 430 nm and emissions read at 486 nm; for
YFP determinations, excitation was at 510 nm and emissions
read at 530 nm. All three fluorescence readings were taken in
rapid succession for each well. At the conclusion of the
FRET measurements, worms of both strains were collected
by centrifugation and cultured on standard NGM agar plates,
with L1 filtration [29] on each of 4 successive days so as to
remove offspring, returning the adults to the culture plates
each time. A second set of FRET measurements was
undertaken for both strains on day 6 of adult life. We have
obtained essentially identical results (data not shown) using
non-reproducing cultures of worms maintained from L4
onwards on NGM nplates containing 200 uM
fluorodeoxyuridine (FUdR) to maintain synchronicity
without reproduction [30]. Based on the cross-over between
CFP and YFP channels measured for worms expressing unc-
54::C (non-integrated) or unc-54::SV (NL5901, integrated;
[12]), a corrected net FRET value was calculated according
to the following formula:

Corrected net FRET = total FRET - [(0.45 x CFP reading) +
(0.07 x YFP reading)].

For CFP-only worms (C), the total FRET signal was 45%
of the measured CFP fluorescence. Although this unc-54::C
strain is non-integrated, its transgene is transmitted with high
efficiency to ~80% of progeny. Worms were grown up for 1
generation only from picked fluorescent L4 larvae.

For YFP-only worms (NL5901), the total FRET signal
was only 7% of the measured YFP fluorescence. Note that
our own unc-54::SV strain is non-integrated, but like unc-
54::C (above) transmits its transgene to ~80% of its progeny.
However, strain NL5901 was used for Figs. (4-6).

FRET signals are given in Relative Fluorescence Units,
which are directly comparable only within the same strain
and run. However, percentage changes relative to an L4
baseline are robust to changes in worm number, and are very
reproducible from one run to another (data not shown).

Confocal Microscopy of SC+SV and SV+C Worms

For confocal microscopy, worms were removed from the
microplate wells and immobilized in a final concentration of
10 mM sodium azide and 50% (v/v) glycerol. After
mounting on slides and sealing the coverslips with nail
polish, confocal microscopy was performed using a Leica
TCS SP2 Confocal Laser Scanning Microscope; CFP
excitation used a laser set at 458 nm with an emission range
from 465 to 600 nm, whereas YFP excitation used a 514 nm
laser with an emission range from 525 to 600 nm. YFP
emissions (525-600 nm) were also examined after CFP
excitation at 458 nm, providing a FRET image with no
detectable cross-over from the CFP channel (see Fig. 5c).
YFP fluorescence was also examined in unc-54::SC+SV
worms both at day 1 and day 6 adult stages; controls
included non-integrated CFP-expressing unc-54::C and unc-
54::SV+C strains.

Statistical Analysis

Mean data from all the assays (except life span and
FRET) were analysed using one-way ANOVA followed by
Dunnett’s multiple comparisons test against wild-type N2 as
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control. Since lifespan was calculated as percentage survival,
the data were analysed using a Mantel-Cox log rank test. For
the FRET analysis, unpaired t-tests were used.

RESULTS
Egg to Adult Development Time

All strains took between 70 and 80 hours to reach
adulthood (Fig. 2a). One-way ANOVA revealed no
significant effect of strain (F = 1.031, p = 0.448; Table 2),
and Dunnett‘s multiple comparison test against N2 controls
confirmed that none of the transgenic strains tested differed
from N2 in terms of developmental time (p > 0.05).

Brood Size

One-way ANOVA showed no statistical difference between
strains for brood size (F = 0.326, p = 0.938, Table 2), which for
all strains was close to 300, confirming that they were all
normal [31]. There was also no statistically significant
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difference between transgenic strains (with or without o-
synuclein) and N2 controls (p > 0.05, Dunnett’s test) (Fig. 2b).

Pharyngeal Pumping Rate

Transgenic  a-synuclein-expressing worms  showed
slower pharyngeal pumping rates when compared with the
transgenic strains lacking a-synuclein or with wild type N2
worms. One-way ANOVA showed a significant strain effect
(F = 8.06, p < 0.0001, Table 2). Using Dunnett‘s multiple
comparisons test, the transgenic a-synuclein-expressing
worms (S+V, SV and SC+SV) were found to be significantly
different (p < 0.05, p < 0.001 and p < 0.001, respectively)
from the control wild-type N2 worms, whereas the
transgenic strains lacking a-synuclein (V, CV and C+V)
were not (p > 0.05 in all cases) (Fig. 2c).

Locomotion Rate

One-way ANOVA revealed a significant effect of strain
on locomotion rate (F = 21.76, p < 0.0001, Table 2).
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Fig. (2). (a) Egg to adult development time, (b) Brood size, (c) Pharyngeal pumping rate and (d) Locomotion rate for the various transgenic
worm strains tested. Error bars show the standard error of the mean. All trangenic strains were integrated lines, apart from C and SV which
were both non-integrated lines showing high transmission (~80%) of the transgene to progeny.
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Table 2.
Trait MS df F p N2 Control (Mean + SD)
Egg to adult development time 9.881 7 1.031 0.448 74 £ 3 hours
Brood size 320.1 7 0.326 0.938 284.2 £ 45.7 eggs
Pharyngeal pumping rate 1305 6 8.061 <0.0001 195.8 £ 5.2 pumps/min
Locomotion rate 85.28 6 21.76 <0.0001 14.2 + 1.5 bends/min

Summary of One-Way ANOVA tests performed on egg to adult development time, brood size, pharyngeal pumping rate and locomotion rate, where strain was treated as a fixed

factor. Units of analysis and mean N2 control values (+ SD) are shown in the final column

Transgenic a-synuclein-expressing worms moved more
slowly than transgenic strains lacking a-synuclein, or wild
type N2 worms. Using Dunnett‘s multiple comparisons test,
the transgenic a-synuclein-expressing worms (S+V, SV and
SC+SV) were statistically significantly different (p < 0.001
for all 3 strains) from control wild-type N2 worms, whereas
the strains lacking a-synuclein (V, CV and C+V) were not (p
> 0.05) (Fig. 2d).

Lifespan

As shown in Fig. (3a), the 3 lines expressing one or both
fluorescent markers but lacking o-synuclein (V, CV and
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C+V) showed only a slight (1-2 days) reduction in lifespan
compared to N2 worms at 20 °C, which was non-significant
(p = 0.08, 0.137 and 0.555, respectively; Mantel-Cox test).
This is consistent with other studies, which showed that
expression of GFP reporters does not in itself affect lifespan
significantly [32]. However, as shown in Fig. (3b), the 3
lines expressing o-synuclein (S+V, SV and SC+SV) all
showed a marked decrease of ~5 days in lifespan as
compared to N2 (p < 0.0001 for all 3 strains; Mantel-Cox
test). Thus over-expression of a-synuclein in these worms
caused significant toxicity and reduced lifespan, as well as
the reduced motility and pharyngeal pumping noted earlier
(Fig. 2c, d).
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Fig. (3). Lifespans of (a) non-synuclein and (b) a-synuclein expressing transgenic worms, calculated as the percentage left alive on each day.
| = integrated strain; NI = non-integrated SV strain (only fluorescent worms were selected for the lifespan analysis).
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Fig. (4). (a) Corrected net FRET signal of L4 and day 6 SC+SV worms and (b) YFP signal of L4 and day 6 NL5901 (SV) worms. Error bars
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Fig. (5). Confocal Microscopy: (a) unc-54::SC+SV worms (1) showing FRET signal with CFP excitation, (b) control unc-54::C worms (NI)
showing the absence of FRET signal under identical conditions and (c) the head region of a young adult unc-54::SV+C worm (NI) showing
diffuse CFP but aggregated YFP. The excitation and emission wavelengths used were 458/485 nm for CFP, and 514/545 nm for YFP. All
photographs used the same gain settings and exposure times; scale bars =100um. Each part [(a), (b) and (c)] shows images of the same
worm, using CFP fluorescence [(2)i, (b)i, (c)i], FRET [(a)ii, b(ii)], CFP fluorescence with YFP excitation [(a)iv, (b)iv] or YFP fluorescence
[(@)v, (b)v, (c)ii]. Differential interference contrast (DIC) images of the same worms are shown in panels (a)iii, (a)vi, (b)iii and (b)vi. | =
integrated strain. NI = non-integrated strain.
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FRET Analysis of SC+SV Worms

The corrected net FRET data for doubly transgenic unc-
54::SC + unc-54::SV (henceforward unc-54::SC+SV) worms
were analysed using unpaired t-tests, which showed that net
FRET significantly increased with age (t = 1245, p <
0.0001). We simultaneously measured reporter gene
expression changes using unc-54::SV (NL5901 [12]) worms,
and found some increase in YFP expression also (t = 2.87, p
= 0.02). However, the increase in net FRET was
proportionately much larger than the increase in unc-54
reporter expression (82% increase versus 31%), thus
indicating an apparent increase in a-synuclein aggregation
with age (Fig. 4a, b).

Confocal Microscopy

Confocal microscopy of SC+SV worms with excitation at
458 nm showed a strong CFP signal but also robust FRET
(Fig. (5a) i and ii). When excited at 514 nm, the worms
showed no CFP signal but strong YFP fluorescence (as
expected; Fig. (5a) iv and v). Worms expressing only CFP
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(unc54::C) showed fluorescence only in the CFP emission
range, but no FRET (Fig. (5b) i and ii); moreover, no
fluorescence was apparent in either channel using YFP
excitation at 514 nm (Fig. (5b) iv and v). This control
confirmed that the YFP signal seen with CFP excitation in
SC+SV worms (Fig. (5a) ii) is genuine FRET rather than
cross-over from CFP emissions into the YFP emission range.
Cross-over from YFP signals into the CFP channel was
minimal (see Methods). In Fig. (5c), the head of an unc-
54::SV+C worm (non-integrated line) showed strongly
granular YFP but diffuse expression for CFP (compare Fig.
(5¢) i and ii), suggesting that the a-synuclein moiety is
essential for aggregation into these granular inclusions.

Confocal microscopy of SC+SV worms with Z-stacking
showed that the distribution of granules for both CFP (Fig.
6a) and YFP (Fig. 6b) was virtually coincident, using the
same excitation lasers and emission filters as for Fig. (5) (i.e.
with virtually no cross-over). Thus both SC and SV
transgenes were abundantly expressed, and even small
granules contained both fluorescent tags. A comparison
between 1-day and 6-day adult worms suggested an increase

©

@

Fig. (6). Confocal microscopy of unc-54:: SC+SV L4 and adult worms (1). Body wall muscles of worms with Z-stacking for CFP (part a)
or YFP (parts b-d): (a) L4 larval head imaged for CFP (458 nm laser, 485 nm emission filter); (b) the same L4 head region imaged for YFP
(514 nm laser, 545 nm emission filter); (c) 1-day old adult showing small YFP-labelled granules; (d) 6-day adult showing larger and more
intense or merged YFP-labelled granules. The YFP excitation and emission wavelengths for parts ¢ and d were the same as for part b. All
images used the same exposure time and gain settings; scale bar =100um. | = integrated strain.
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in these granular inclusions with age. At 1 day (Fig. 6c), the
granules of aggregated a-synuclein were mostly small, but
these increased in size and intensity or merged by day 6 of
adult life (Fig. 6d). These findings reinforced the conclusion
from the FRET measurements in Fig. (4), indicating that a-
synuclein aggregation increased over time during the first 6
days of adult life.

DISCUSSION

Previous transgenic C. elegans models involving unc-54-
driven GFP- or YFP-tagged o-synuclein constructs expressed in
C. elegans body-wall muscle have been used mainly for
hypothesis-driven [11] or genome-wide [12] RNAI screening to
identify genetic modifiers of o-synuclein aggregation. These
have relied essentially on image analysis to identify genes
whose  inactivation  increases  (or  decreases) the
number/size/intensity of fluorescent granules within the test
worms. Inevitably, there is an element of interpretation here,
which might result in some false positives or negatives;
moreover, results may be influenced by factors that modify
transgene expression levels or cause small aggregates to
coalesce. Lastly, the toxic species of aggregated a-synuclein are
most likely small oligomers rather than the larger granular
inclusions which are screened for. In all of these respects, there
are clear advantages to be gained from developing a FRET-
based quantitative assay using doubly transgenic SC+SV worms
expressing both CFP and YFP-tagged a-synucleins in the same
cells (body-wall muscle, driven by the unc-54 promoter). Bulk
fluorescence changes reflecting altered transgene expression or
the spatial distribution of fluorescence can be controlled for by
running parallel assays on the freely available NL5901 unc-
54::SV strain [12]. Moreover, increases in FRET signal might
be detectable during a-synuclein oligomerisation without any
accompanying increase in fluorescent granule formation, since
FRET could occur within small oligomers so long as both CFP
and YFP fluorophores are present together in close proximity. It
is reassuring to note that in vitro aggregation studies using YFP-
tagged a-synuclein demonstrate that aggregation is not greatly
impeded by the presence of the larger YFP moiety [21];
furthermore, the in vivo aggregation of this same fusion protein
expressed in NL5901 worms is greatly exacerbated by RNAI
against both hsp-70 and hip-1 [33]. The limitations of currently
available C. elegans models and advantages of our unc-
54::SC+SV strain are summarized in Table 3.
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This study reports the development of an unc-54::SC+SV
strain which fulfils most of these aims. Broadly speaking, the
overexpressed  a-synuclein  fusion  proteins  formed
fluorescent granular inclusions throughout the body-wall
muscle, similar to those reported previously for the unc-
54::SV strain NL5901 [12]. These granules increased in size
and intensity in older worms, consistent with recent reports
that widespread protein aggregation accompanies normal
ageing in C. elegans [34]. There were also clear adverse
effects of a-synuclein overexpression on several life-history
parameters, including lifespan, motility and pharyngeal
pumping rate, though not on brood size or developmental
time. A transgenic strain overexpressing wild-type or mutant
a-synuclein only in neurons (using the aex-3 or dat-1
promoter) showed an increased lifespan partly attributable to
caloric restriction as a result of decreased pharyngeal
pumping, as well as decreased egg-laying [35]. In our unc-
54::SC+SV strain, the reduction in pharyngeal pumping (<
20%) was much less than the reduction in overall motility
(~50%), consistent with the fact that the SV and SC
transgenes are expressed in body-wall but not in pharyngeal
muscle cells. Overall, any effect of reduced feeding on
lifespan is likely to be outweighed by other detrimental
effects of a-synuclein overexpression in our SC+SV and
other S-expressing worms.

Notably, the adverse effects on life-history traits reported
in this study were confined to those strains expressing an o-
synuclein construct, whereas no significant effects were
observable in strains similarly overexpressing the CFP or
YFP fluorescent markers. This strongly suggests that the
fluorescent granules in unc-54::SC+SV worms resulted from
aggregation of the attached a-synuclein moieties. Moreover,
in an unc-54::SV+C strain, the CFP fluorescence remained
diffuse while the YFP was strongly granular, again
suggesting that aggregation was dependent on a-synuclein,
and did not simply result from overexpressed proteins
aggregating randomly.

It might be thought preferable to develop C. elegans
models expressing such fluorescent-tagged a-synuclein
constructs either pan-neuronally or even in the dopaminergic
neurons only [13]. Although we have prepared a similar set
of fusion constructs attached to the pan-neuronal aex-3
promoter, we chose to start by deliberately overexpressing
these fusion proteins throughout the body-wall muscle, so as
to generate strong fluorescent signals where genuine FRET

Table3. Summary of Advantages and Drawbacks of C. elegans Models for Parkinson’s Disease
SC+SV NL 5901 Paat-1: WT and A53T and Paex.s:WT and A53T
Expression Body-wall muscle cells Body-wall muscle cells (unc- Either pan-neuronally (aex-3) or only in
(unc-54) 54) dopaminergic neurons (dat-1)
Gene expression and RNAI studies? Yes Yes Yes
Strong signal (reflecting higher Yes Yes No (better for aex-3 than dat-1, which is

expression levels)?

expressed in 5 dopaminergic cells)

Relevance to human Parkinson’s
disease?

Limited to synuclein
aggregation

Limited to synuclein

Yes (construct expressed in neuronal cells).
aggregation

Quantification of aggregation? Yes (using FRET)

Indirect (requires image

Indirect (requires image analysis)
analysis)

High-throughput? Yes (using FRET)

No (requires image analysis)

No (requires image analysis)
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could be distinguished both from background noise and from
the inevitable cross-over between CFP and YFP channels.
We believe that our unc-54::SC+SV strain will prove useful
for identifying environmental risk factors that might
contribute to the development of human Parkinson’s disease
— particularly since the majority of cases are idiopathic rather
than genetic [6, 7] in origin. Moreover, our SC+SV strain
can readily be used for high-throughput screening (through
simple quantitative FRET measurements), allowing mixtures
of agents to be tested (Table 3). The interactions between
environmental and genetic (explored via RNAI) factors can
also be studied using this strain, with positive hits confirmed
through careful comparison against control strains (e.g.
NL5901; Fig. 4). Lastly, given that fluorescent granules are
already apparent in L4 larvae and increase during adult life
(Fig. 6), this strain readily lends itself to the screening of
anti-aggregation drug candidates. However, because of the
muscle site of transgene expression, this model is unlikely to
respond to drug interventions targeting dopaminergic
functions specifically, except perhaps through general effects
on oxidative stress.

ABBREVIATIONS

A30P and A53T = Mutant versions of Synuclein leading to
familial Parkinson’s disease.

aex-3 = C. elegans gene expressed pan-
neuronally

C = Cerulean (CFP)

CFP = Cyan (blue) Fluorescent Protein

CGC = Caenorhabditis Genetics Center
(University of Minnesota)

C-terminus = carboxy terminus of protein

Ccv = CFP sequence fused at its carboxy
terminus to YFP sequence

dat-1 = C. elegans gene expressed in
dopaminergic neurons only

FRET = Foerster Resonance Energy Transfer

FUdR = Fluorodeoxyuridine

GFP = Green Fluorescent Protein

hsp-70 and hip-1 = Genes implicated in dealing with
protein aggregates in C. elegans

| = Integrated transgenic strain

K medium = C. elegans saline (53 mM NaCl, 32 mM
KCI)

LltoL4 = larval stages of C. elegans

N2 = Wild-type (Bristol) strain of C. elegans

NGM = Nematode Growth Medium

NI = Non-Integrated transgenic strain

NL5901 = An unc-54::SV transgenic strain

available from CGC
PCR = Polymerase Chain Reaction

Bodhicharla et al.

phe-glu = Dipeptide sequence (phenylalanine
followed by glutamic acid) introduced
by cloning

RFU = Relative Fluorescence Units

RNAI = RNA interference

S = Human Synuclein coding sequence

SD = Standard Deviation

SEM = Standard Error of Mean

SC = Human Synuclein coding sequence
fused at its C terminus to CFP

sV = Human Synuclein coding sequence
fused at its C terminus to YFP

unc-54 = Promoter sequence from major muscle

myosin gene in C. elegans

(unc-54:)C = C. elegans carrying a (non-integrated)
unc-54-regulated CFP (C) transgene

(unc-54::)C+V = C. elegans carrying both unc-54-
regulated CFP and unc-54-regulated
YFP transgenes

(unc-54::)S+V = C. elegans carrying both unc-54-
regulated S and unc-54-regulated YFP
transgenes

(unc-54::)SC+SV = C. elegans carrying both unc-54-
regulated SC and unc-54-regulated SV
transgenes

(unc-54::)SV = C. elegans carrying an unc-54-regulated
SV transgene

(unc-54::)SV+C = C. elegans carrying both unc-54-
regulated SV and unc-54-regulated CFP

transgenes
\ = Venus (YFP)
YFP = Yellow Fluorescent Protein

CONFLICT OF INTEREST

The authors declare that there is no conflict of interest.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge grant support from
the Alzheimer’s Research Trust (pilot project grant 2004B to
DdeP) and from the University of Nottingham
(Distinguished Visiting Fellowship to A Nazir in 2010). We
would also like to thank R. Cappai, A. Miyawaki and D.W.
Piston for generous gifts of plasmids. DdeP wrote the paper
and supervised this study; DRB designed the constructs,
which were made and checked by JW; AA and DB micro-
injected the worms; integration, outcrossing and
characterization of the transgenic strains was done by RB;
quantitative FRET was performed (with help from JR) by A
Nagarajan, who also assembled the figures and methods;
confocal microscopy was done by RB, A Nazir, KV and
PO’S. The authors declare that they have no competing
interests.



Synuclein Aggregation in C. elegans

REFERENCES

[t
(2]
(31
(4]
(5]

(6]

(7]

(8]
[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Dobson, C.M. Protein folding and misfolding. Nature, 2003, 426,
884-890.

Ross, C.A.; Poirier, M.A. What is the role of protein aggregation in
neurodegeneration? Nature Rev. Molec. Biol., 2005, 6, 891-898.
Eliezer, D. Visualising amyloid assembly. Science, 2012, 336, 308-
309.

Uversky, V. Neuropathology, biochemistry and biophysics of a-
synuclein aggregation. J. Neurochem., 2007, 103, 17-37.
Spillantini, M.G.; Schmidt, M.L.; Lee, V.M.Y.; Trojanowski,
J.Q.; Jakes, R.; Goedert, M. Alpha-synuclein in Lewy bodies.
Nature, 1997, 388, 839- 840.

Kruger, R.; Kuhn, W.; Muller, T.; Woitalla, D.; Graeber, M.;
Kosel, S.; Przuntek, H.; Epplen, J.T.; Schols, L.; Riess, O.
Ala30Pro mutation in the gene encoding alpha-synuclein in
Parkinson's disease. Nat. Genet., 1998, 18, 106-108.
Polymeropoulos, M.; Lavedan, C.; Leroy, E.; Ide, S.; Dehejia, A.;
Dutra, A.; Pike, B.; Root, H.; Rubenstein, J.; Boyer, R.; Stenroos,
E.S.; Chandrasekarappa, S.; Athanassiadou, A.; Papapetropoulos,
T.; Johnson, W.G.; Lazzarini, A.M.; Duvoisin, R.C.; Dilorio, G.;
Golbe, C.J.; Nusshaum, R.L. Mutation in the alpha-synuclein gene
identified in families with Parkinson's disease. Science, 1997, 276,
2045-2047.

Beal, M.F. Parkinson’s disease: a model dilemma. Nature, 2010,
466, S8-S10.

Feany, M.B.; Bender, W.W. A Drosophila model for Parkinson’s
disease. Nature, 2000, 404, 394-398.

Ziviani, E.; Tao, R.N.; Whitworth, A.J. Drosophila Parkin requires
PINK1 for mitochondrial translocation and ubiquitinates Mitofusin.
Proc. Natl. Acad. Sci.USA, 2010, 107, 5018-5023.

Hamamichi, S.; Rivas, R.; Knight, A.; Cao, S.; Caldwell, K;
Caldwell, G. Hypothesis-based RNAIi screening identifies
neuroprotective genes in a Parkinson’s disease model. Proc. Natl.
Acad. Sci. USA, 2008, 105, 728-733.

van Ham, T.; Thijssen, K.; Breitling, B.; Hofstra, R.; Plasterk, R.;
Nollen, E.A. C. elegans model identifies genetic modifiers of a-
synuclein inclusion formation during aging. PLoS Genet., 2008, 4,
€100027.

Lakso, M.; Vartiainen, S.; Moilanen, A.-M.; Sirvio, J.; Thomas, J.;
Nass, R.; Blakely, R.D.; Wong, G. Dopaminergic neuronal loss and
motor deficits in Caenorhabditis elegans overexpressing human a-
synuclein. J. Neurochem., 2002, 86, 165-172.

Leung, M.; Williams, P.; Benedetto, A.; Au, C.; Helmcke, K.;
Ashner, M.; Meyer, J. Caenorhabditis elegans: an emerging model
in biomedical and environmental toxicology. Toxicol. Sci., 2008,
106, 5-28.

Brenner, S. Genetics of Caenorhabditis elegans. Genetics, 1974,
77,71-94.

Fire, A. Integrative transformation of Caenorhabditis elegans.
EMBO J., 1986, 5, 2673-2680.

Mello, C.C.; Kramer, J.M.; Stinchcomb, D.; Ambros, V. Efficient
gene transfer in C. elegans: extrachromosomal maintenance and
integration of transforming sequences. EMBO J., 1991, 10, 3959-
3970.

C. elegans Sequencing Consortium. Genome sequence of the
nematode C. elegans: a platform for investigating biology. Science,
1998, 282, 2012-2018.

Kamath, R.S.; Fraser, A.; Dong, Y.; Poulin, G.; Durbin, R.; Gotta,
M.; Kanapin, A.; Le Bot, N.; Moreno, S.; Sohrmann, M.;
Welchman, D.P.; Zipperlen, P.; Ahringer, J. Systematic functional
analysis of the Caenorhabditis elegans genome using RNAI.
Nature, 2003, 421, 231-237.

CNS & Neurological Disorders - Drug Targets, 2012, Vol. 11, No. 8 975

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Anbalagan, C.; Lafayette, I.; Antoniou-Kourounioti, M.; Haque, M.;
King, J.; Gutierrez, G.; Rodriguez Martin, J.; de Pomerai, D.
Transgenic nematodes as biosensors for metal stress in soil water
samples. Ecotoxicology, 2012, 21, 439-455.

van Ham, J.; Esposito, A.; Kumita, J.; Hsu, S.T.; Kaminski
Schierle, G.; Kaminski, C.; Dobson, C.; Nollen, E.; Bertoncini, C.
Towards multiparametric  fluorescent imaging of amyloid
formation: studies of a YFP model of a-synuclein aggregation. J.
Molec. Biol., 2010, 395, 627-642.

Miyawaki, A.; Tsien, R.Y. Monitoring protein conformations and
interactions by fluorescence resonance energy transfer between
mutants of Green Fluorescent protein. Appl. Chim. Genes Hybrid
Prot. (Part B), 2000, 327, 472-500.

Rekas, A.; Adda, C.G.; Aquilina, J.A.; Barnham, K.J.; Sunde,
M.; Galatis, D.; Williamson, N.A.; Masters, C.L.; Anders, R.F.;
Robinson, C.V.; Cappai, R.; Carver, J.A. Interaction of the
molecular chaperone alpha B-crystallin with alpha-synuclein:
effects on amyloid fibril formation and chaperone activity. J.
Molec. Biol., 2004, 340, 1167-1183.

Rizzo, M.A.; Springer, G.H.; Granada, B.; Piston, D.W. An
improved cyan fluorescent protein variant useful for FRET. Nat.
Biotechnol., 2004, 22, 445-449.

Nagai, T.; Ibata, K.; Park, E.S.; Kubota, M.; Mikoshiba, K.;
Miyawaki, A. A variant of yellow fluorescent protein with fast and
efficient maturation  for cell-biological applications. Nat
Biotechnol., 2002, 20, 87-90.

Boulin, T.; Etchberger, J.F.; Hobert, O. Reporter gene fusions.
Wormbook (ed. The C. elegans research community), 2006,
Wormbook doi/10.1895/wormbook.1.106.1,
http://www.wormbook.org

Dennis, J.L.; Mutwakil, M.HA.Z.; Lowe, K.C.; de Pomerai,
D.l.Effects of metal ions in combination with a non-ionic surfactant
on stress responses in a transgenic nematode. Aquat. Toxicol.,
1997, 40, 37-50.

Williams, P.L.; Dusenbery, D.B. Aquatic toxicity testing using the
nematode Caenorhabditis elegans. Environ. Toxicol. Chem., 1990,
9, 1285-1290.

Mutwakil, M.H.A.Z.; Steele, T.J.G.; Lowe, K.C.; de Pomerai, D.I.
Surfactant stimulation of growth in the nematode Caenorhabditis
elegans. Enzyme Microbiol. Technol., 1997, 20, 462-470.

Mitchell, D.H.; Stiles, J.W.; Santelli, J.; Sanadi, D.R. Synchronous
growth and aging of Caenorhabditis elegans in the presence of
fluorodeoxyuridine. J. Gerontol., 1979, 34, 28-36.

Hirsh, D.; Oppenheim, D.; Hass, M. Development of reproductive
system of Caenorhabditis elegans. Develop. Biol., 1976, 49, 200-
219.

Pincus, Z.; Smith-Vikos, T.; Slack, F.J. MicroRNA predictors of
longevity in Caenorhabditis elegans. PLoS Genet.,, 2011, 7,
€1002306.

Roodveldt, C.; Bertoncini, C.; Andersson, A.; van der Goot, A.;
Hsu, S.-T.; Fernandez-Montesinos, R.; de Jong, J.; van Ham, T.J,;
Nollen, E.A.; Pozo, D.; Christodoulou, J.; Dobson, C.M.
Chaperone proteostasis in Parkinson’s disease: stabilisation of the
Hsp70/a-synuclein complex by Hip. EMBO J., 2009, 28, 3758-
3770.

David, D.C.; Ollikainen, N.; Trinidad, J.C.; Cary, M.P,;
Burlingame, A.L.; Kenyon, C. Widespread protein aggregation as
an inherent part of aging in C. elegans. PLoS Biol., 2010, 8,
€1000450.

Vartiainen, S.; Aarnio, V.; Lakso, M.; Wong, G. Increased lifespan
in transgenic Caenorhabditis elegans overexpressing human a-
synuclein. Exper. Gerontol., 2006, 41, 871-876.

Received: June 15, 2012

PMID: 23244416

Revised: July 20, 2012

Accepted: August 14, 2012



	07. de Pomerai_CNS&ND-DT


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




