728 Wang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2010 11(9):728-734

Journal of Zhejiang University-SCIENCE B (Biomedicine & Biotechnology)
ISSN 1673-1581 (Print); ISSN 1862-1783 (Online)

www.zju.edu.cn/jzus; www.springerlink.com

E-mail: jzus@zju.edu.cn

JZUS

Using chimeric piggyBac transposase to achieve directed interplasmid
transposition in silkworm Bombyx mori and fruit fly Drosophila cells”

Na WANG?, Cai-ying JIJANG?, Ming-xing JIANG'*, Chuan-xi ZHANG?, Jia-an CHENG"
(“Institute of Insect Sciences, Zhejiang University, Hangzhou 310029, China)
(Institute of Biochemistry, Zhejiang Sci-Tech University, Hangzhou 310018, China)
"E-mail: mxjiang@zju.edu.cn
Received Apr. 18, 2010; Revision accepted July 2, 2010; Crosschecked Aug. 13, 2010

Abstract: The piggyBac transposon has been long used to integrate foreign DNA into insect genomes. However,
undesirable transgene expression can result from random insertions into the genome. In this study, the efficiency of
chimeric Gal4-piggyBac transposase in directing integration onto a DNA target plasmid was evaluated in cultured
silkworm Bombyx mori Bm-12 and fruit fly Drosophila Schneider 2 (S2) cells. The Gal4-piggyBac transposase has a
Gal4 DNA-binding domain (DBD), and the target plasmid has upstream activating sequences (UAS) to which the Gal4
DBD can bind with high affinity. The results indicate that, in the Bm-12 and S2 cells, transpositional activity of
Gal4-piggyBac transposase was increased by 4.0 and 7.5 times, respectively, compared to controls, where Gal4-UAS
interaction was absent. Moreover, the Gal4-piggyBac transposase had the ability of directing piggyBac element integra-
tion to certain sites of the target plasmid, although the target-directing specificity was not as high as expected. The chi-
meric piggyBac transposase has the potential for use in site-directed transgenesis and gene function research in B. mori.
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1 Introduction

DNA transposons have been used successfully to
genetically transform insect species. However, a
number of problems exist despite this success, in-
cluding low integration efficiency, unpredictable
gene-expression patterns, mutation of important
genes due to the lack of insertion site specificity, and
so on. Several approaches can be used to increase
site-selectivity of transposases, such as site-directed
mutagenesis, random mutagenesis or exchange, or the
addition of a heterologous DNA-binding domain
(DBD) (Coates et al., 2005).

It was suggested that, when a transposase is
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fused with an exogenous DBD, the transposon-based
integration can be directed to definite target sites of
the genome (Kaminski et al., 2002). As the DBD of a
transcriptional activator allows the activator to bind to
a target site, the DBD-fused transposases can be ex-
pected to bring the transposon-transposase complex
to the vicinity of a DBD-specific site, and thereby
increase the likelihood of transgene integration. As an
example, in a recent study reported by Maragatha-
vally et al. (2006), the DBD of the yeast transcrip-
tional activator Gal4 was fused to the NH, terminus of
the Mosl and piggyBac transposases, and a target
plasmid was added with upstream activating se-
quences (UAS) to which the Gal4 DBD can bind with
high affinity. In embryos of the yellow fever mos-
quito, Aedes aegypti (L.), the transpositional activity
of the Gal4-piggyBac transposase was found to be
11.6 times higher compared to controls, where the
Gal4-UAS interaction was absent, and 67% of the
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integrations occurred at a single TTAA site. The
Gal4-piggyBac transposase has also been demon-
strated to be active in vertebrates, such as in human
embryonic kidney cells (Wu et al., 2006). Therefore,
the use of DBD-transposase fusions can be expected
to increase the efficiency of transposition and to target
the integration of transgene to selected genomic sites
(Demattei et al., 2010).

The Gal4-UAS system has been used to study
gene function in several insects, such as the fruit fly
Drosophila (Phelps and Brand, 1998; Klueg et al.,
2002; Robertson et al., 2002; Nicholson et al., 2008;
Zhong and Yedvobnick, 2009) and the domesticated
silkworm Bombyx mori L. (Imamura et al., 2003; Dai
et al., 2008; Yamagata et al., 2008). However, cur-
rently there is only one report in insects regarding the
use of chimeric transposases for site-specific integra-
tion, as described above in A. aegypti (Maragatha-
vally et al., 2006). In this study, we used the
Gal4-piggyBac transposase with the aim of realizing
site-directed integration in B. mori and Drosophila
cells. B. mori has been long utilized as an important
economic insect, and is now serving as an insect
model for genetic, biochemical, and physiological
researches, taking advantage of the draft genome
sequences (Mita et al., 2004; Xia et al., 2004) as well
as the functional analyses of some important genes
(The International Silkworm Genome Consortium,
2008). Genetic transformation work with B. mori has
been active for over a decade, and a number of
transgenic germlines have been produced by using the
piggyBac vector since Tamura et al. (2000). However,
the research progress targeting site-specific gene
integration has been slow in this insect. Recently,
Nakayama et al. (2006) demonstrated that the inte-
grase from the Streptomyces phage ¢C31 is active in
cultured silkworm cells (BmN4), and thus can be used
to guide site-specific gene integration into a specific
chromosome.

In this study, a B. mori cell line (Bm-12) and a
Drosophila cell line (Schneider 2 (S2)) were trans-
fected together with a helper plasmid expressing the
chimeric piggyBac transposase, a donor vector con-
taining a kanamycin resistance gene, and a target
plasmid carrying UAS. The transposition assay
demonstrated that the chimeric Gal4-piggyBac
transposase is capable of increasing transposition
efficiency in the two cell lines tested, and also has the

potential of directing the integration to definite sites,
although the target-directing specificity was not as
high as expected. Hence, the Gal4-piggyBac trans-
posase would be useful for the functional analysis of
target genes in B. mori.

2 Materials and methods
2.1 Insect cell lines

The Bm-12 cell line derived from B. mori
(Khurad et al., 2009) was maintained in TNM-FH
insect medium (Sigma Chemical Co., St. Louis, MO,
USA) supplemented with 10% (v/v) heat-inactivated
fetal bovine serum (FBS; Gibco, USA). The Droso-
phila S2 cells were maintained in Schneider’s Dro-
sophila medium (Invitrogen, Carlsbad, CA, USA)
containing 10% (v/v) heat-inactivated FBS. Both cell
lines were maintained in a T-25 culture flask (Corning,
NY, USA) at 28 °C.

2.2 Plasmids

The helper plasmid plE1-Gal4-pB, donor plas-
mid pB[KOa], and target plasmids pGDV1 and
pGDV1-UAS were donated by Dr. Craig COATES at
the Department of Entomology, Texas A & M Uni-
versity, USA. Details of these plasmids and the
schematic of interplasmid transposition assay can be
found in Maragathavally et al. (2006).

The helper plasmid plE1-Gal4-pB is designed to
express piggyBac transposase under the control of a
Hr5-1E1 enhancer-promoter. A nuclear localization
signal (TPPKKKRKVED) is incorporated upstream
of the Gal4 DBD, and a flexible linker sequence
(KLGGGAPAVGGGPK) is present between the
Gal4 DBD and transposase.

The donor plasmid pB[KOa] has an Escherichia
coli origin of replication (ori) and a kanamycin (Kan)
resistance gene (kan), and has been used previously by
Thibault et al. (1999) and Maragathavally et al. (2006).
The E. coli ori and kan gene are transposed to the target
plasmid as interplasmid transposition takes place.

pGDV1 and pGDV1-UAS are target plasmids.
pGDV1 is derived from Bacillus subtilis and cannot
replicate in E. coli (Thibault et al., 1999): it lacks the
UAS target site and bears a chloramphenicol (Cam)
resistance marker. pGDV1-UAS has the UAS target
site and an E. coli ori. Prior to use, it was modified
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according to Maragathavally et al. (2006). Briefly, the
E. coli ori was removed from pGDV1-UAS by re-
striction digestion with Sphl and Xbal, and after
blunt-ending and self-ligation the plasmid was
transformed into chemical-competent cells of B. sub-
tilis (strain BS 1700, Institute of Microbiology, Chi-
nese Academy of Sciences), which were prepared
according to Xue et al. (1999).

2.3 Transposition assay

The DNA of each plasmid used for transposition
assays was prepared using an EndoFree plasmid kit
(Qiagen, USA). Transposition assays were performed
in B. mori Bm-12 and Drosophila S2 cells according
to the protocols described by Wu et al. (2007) with
some modifications. Briefly, for the transfection in
each independent assay (three assays done for each
cell line), a mixture of the helper plasmid plE1-
Gal4-pB (1 ng), the donor plasmid pB[KOa] (1 ng),
and the target plasmid pGDV1-UAS (2 ng) was used;
for control transposition assays, a mixture of the
plasmids plE1-Gal4-pB (1 pg), pB[KOc] (1 pg), and
pGDV1 (2 pg) was used. Plasmids were transfected
into the cells in six-well dishes using Lipofection 2000
(Invitrogen), following the manufacturer’s protocols.

At 72 h for Bm-12 and 48 h for S2 cell
post-transfection at 28 °C, plasmid DNA was recov-
ered from the cells according to the protocols (Wu et
al., 2007), and was introduced into E. coli DH10B
cells (Invitrogen) by electroporation (Gene Pulser
Xcell™ Electroporation System, Bio-Rad, USA).
Electroporation was performed using 1 pl of plasmid
rescue DNA at the parameters 2.5 kV and 200 Q with
a 2-mm cuvette gap. The electroporated cells were
transferred into 1 ml of SOC medium and maintained
at 37 °C for 1 h. Then, 5 pl of the media were plated
onto an LB plate containing ampicillin (50 ug/ml) to
determine the recovery of donor plasmids. The re-
maining cells were pelleted and resuspended in 100 pl
of remaining SOC media and plated onto LB plates
containing Cam (10 pg/ml), Kan (25 pg/ml), and
X-gal (25 pg/ml) to recover transposition products.

Blue colonies surviving selection on the LB
medium containing Cam and Kan were subjected to
polymerase chain reaction (PCR) using the primers,
LTR (5'-CGGATTCGCGCTATTTAG-3') and RTR
(5'-ACCTCGATATACAGACCG-3), which were
designed to bind near the terminal of piggyBac.

Colonies that appeared to be products of transposition
events, i.e., having a PCR product of approximately
2.6 kb, were selected for DNA sequencing using the
primer RTR. Sequences were analyzed using the
Vector NTI 8.0 Suite software (InforMax, North Be-
thesda, MD, USA) to determine the sites of piggyBac
insertions on the pGDV1 or pGDV1-UAS.

Transposition frequency is calculated as the
number of transpositions recovered per donor plasmid
recovered. The times of increase in transposition
frequency due to the Gal4-UAS system are calculated
by dividing the transposition frequency when using
the pGDV1-UAS target plasmid by that when using
the pGDV1 target plasmid.

2.4 Statistical analyses

Chi-square test was used to test the relations of
piggyBac-element integration sites with the type of
target plasmid. To identify the possible sites to be
preferentially targeted for integration, chi-square test
was used to compare the frequencies (percentages) of
insertions at a given site between the treatment (using
pGDV1-UAS as a target plasmid) and control (using
pGDV1 as a target plasmid) experiments. All analy-
ses were done at the significance levels P=0.05 and
P=0.01 (SPSS Inc., 1999).

3 Results
3.1 Transposition assays in B. mori Bm-12 cells

We performed three independent transposition
assays in Bm-12 cells. After the screening of
7.76x10° donor plasmids in the pGDV1-UAS ex-
periments and 2.10x10° donor plasmids in the
pGDV1 (control) experiments, a total of 56 and 40
transposition products were discovered, respectively.
Sequencing indicated that all of the piggyBac element
insertions occurred at TTAA sites and duplicated
these. Due to the Gal4-UAS interaction, the transpo-
sitional activity was increased by an average of 4.0
times over the control, where the UAS target site is
absent (Table 1).

The insertion sites of piggyBac elements into
the pGDV1-UAS and pGDV1 sequences are shown
in Fig. la. Statistical analysis indicates that the dis-
tribution of insertion sites was significantly related
with the type of target plasmid (;*=43.989, df=14,
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Table 1 Results of piggyBac-based transposition assays in B. mori Bm-12 and Drosophila S2 cells using the chimeric
Gal4-piggyBac transposase

Times of transpo-  Average times

Insect Target No. of recovered  No. of trans-  Transposition itional activi f activi
cell line plasmid Exp. donor plasmids  position events  frequency smqna activity o activity
INCrease INCrease
Bm-12  pGDV1-UAS 1 2.65x10° 17 6.42x10°° 3.36 4.0+0.9
2 2.57x10° 20 7.78x107° 5.64
3 2.54x10° 19 7.48x10°° 2.85
pGDV1 1 1.10x10° 21 1.91x10°°
2 5.80x10° 8 1.38x10°°
3 4.20x10° 1 2.62x107°
S2 pGDV1-UAS 1 1.35x10° 25 1.85x107* 16.67 7.5+4.6
2 9.80x10* 10 1.02x107* 2.17
3 1.14x10° 17 1.49x10™ 371
pGDV1 1 1.80x10° 2 1.11x10°°
2 1.91x10° 9 4.71x10°
3 1.74x10° 7 4.02x10°°
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Fig. 1 Insertion sites of piggyBac donor elements in pGDV1-UAS and pGDV1 (control, lacking UAS target site)
target plasmids in the transposition assays performed in Bombyx mori Bm-12 cells (a) and Drosophila S2 cells (b)
Solid and open circles represent the insertions into the pGDV1-UAS and pGDV1 targets, respectively. The circles below
the line represent the insertions occurring in an opposite direction relative to the Cam gene. The numbers represent the
nucleotide locations on the pGDV1 plasmid. The solid box stands for the UAS site on the pGDV1-UAS plasmid

P<0.001). When pGDV1 was utilized, the piggyBac Table 2 Comparison on the percentages of piggyBac-
element was inserted randomly at multiple TTAA elgmer(;t_ijfnsertti(;ns attalgiver_ldpgsition between the assays
points. However, in the presence of pGDV1-UAS, LSing grTeren. target prasmics

insertions occurred primarily at positions of 491 and Insect P"ng'\c}rl‘ ?“ thte Chi-square test

945. The position 491 was about 1050 bp to the 3 cell line P p,asm?(;ge b o P Sig.
terminal of the inserted UAS, and the position 945 Bm-12 491 11.144 1 0001 ™

was also about 1050 bp to the 5’ terminal of the UAS, 945 7391 1 0007 7

indicating that the TTAA sites about 1 kb from the S2 85 6290 1 0012

UAS were the hot insertion sites. Insertions at these 101 0.532 1 0466 NS
two sites accounted for 41.1% and 30.4% (71.5% in 491 0.033 1 085 NS
total) of all of the insertions, respectively. Both of 945 0.033 1 085 NS
these two insertion percentages were significantly 992 1.888 1 0169 NS

higher than those (10.0% and 7.5%) obtained in the [ .The details of assays are shown in Table 1. Sig.: significance. " and
stand for significant differences at the levels P=0.05 and P=0.01,

control (Table 2). respectively; NS: not significant
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3.2 Transposition assays in Drosophila S2 cells

Three independent transposition assays were
performed in this cell line. A total of 52 transposition
events were found after the screening of 3.47x10°
donor plasmids in the pGDV1-UAS experiments, and
18 transposition events were found after the screening
of 5.45x10° donor plasmids in the control. The
transpositional activity was observed to be 7.5 times
higher in the presence of UAS target as compared
with the control (Table 1). All of the piggyBac ele-
ment insertions occurred at TTAA sites.

The distribution of insertion sites was signifi-
cantly related with the type of target plasmid (4=
32.495, df=13, P=0.002). In the assays using
pGDV1-UAS target plasmid, the position 85 (about
650 bp from 3’ terminal of the UAS) was preferen-
tially targeted (Fig. 1b). The insertions at this position
accounted for 36.5% of all of the insertions, which was
significantly higher than that (5.6%) in the control. In
addition, the positions 101, 491, 945, and 992 also
appeared to be preferentially targeted, but statistically
none of the percentages of these insertions were sig-
nificantly different from that in the control (Table 2).

4 Discussion

Our results indicate that the Gal4-piggyBac
transposase can increase transpositional activity (by
4.0 times) in the B. mori Bm-12 cells. By comparison,
this fusion transposase can bring a greater increase of
transpositional activity (by 7.5 times) in the Droso-
phila S2 cells. In an earlier study conducted in A.
aegypti embryos, the Gal4-piggyBac transposase
could elevate the transpositional activity to a much
greater level (by 11.6 times) (Maragathavally et al.,
2006). This suggests that fusing a Gal4 DBD to pig-
gyBac transposase might be a promising approach for
increasing transposition efficiency in insects.

The transpositional activity of a transposase
fused with DBD can be affected by several factors,
such as efficiency of the transposase, reciprocal
compatibility of the DBD and transposase selected,
and accuracy of the linker between DBD and trans-
posase (Demattei et al., 2010). In addition, it can also
be affected by ratios of donor and helper plasmids, as
demonstrated by Wu et al. (2006) who found that the

activity of Gal4-piggyBac transposition was dosage-
sensitive with increasing helper levels at a fixed donor
amount. In other words, Gal4-piggyBac has the
property of overproduction inhibition. In the present
study, we used 1 pg helper, 1 ug donor, and 2 pg
target plasmids for cell transfection as recommended
by the manufacturer’s protocols of Lipofection 2000
(Invitrogen), although whether this amount/ratio is
most suitable for the transposition in Bm-12 and S2
cells has not been determined. At the same time,
piggyBac was also reported as lacking the property of
overproduction inhibition (Wilson et al., 2007).
Therefore, the relationship of Gal4-piggyBac activity
with plasmid amount/ratio appeared to be unclear.

In the presence of the chimeric piggyBac trans-
posase, in the B. mori Bm-12 cells, 41.1% and 30.4%
of transpositions occurred at the positions 491 and 945,
respectively, and in the Drosophila S2 cells 36.5% of
transpositions occurred at the position 85. As each of
these percentages was significantly higher than that in
the control, these positions are presumably preferred
for integration to other ones, which suggests the po-
tential of Gal4-piggyBac transposase in achieving
site-specific gene integration in insect cells.

By using Gal4-piggyBac and Gal4-Mosl trans-
posases in A. aegypti embryos, Maragathavally et al.
(2006) identified a hot insertion spot about 1 kb from
the UAS site. This insertion preference was also
found in our work reported here using B. mori cells,
but not found in the work using Drosophila cells
where the position about 650 bp from the UAS was
much preferred. In terms of mechanisms, which po-
sitions are more targeted for insertion depends on: (1)
the relative position of cat antibiotic resistance gene
to the UAS; (2) the relative position of the transpo-
sase-transposon complex to the UAS (the molecular
complex is likely to be located at some distance from
the UAS due to the presence of the linker peptide);
and, (3) the possibly increased affinity of transposase
for some specific TTAA sites due to the addition of
Gal4 DBD (Maragathavally et al., 2006; Demattei et
al., 2010).

In the embryo of A. aegypti, by using Gal4-
piggyBac, 67% of transpositions occurred at the 1103
site of the target plasmid. In comparison, in our assays
performed in B. mori Bm-12 and Drosophila S2 cells,
the site specificity was much lower, with only
30%-41% of insertions occurring at each preferred
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site (positions 85, 491, and 945). It is not known at the
time what caused the great difference of preferred
integration sites among organisms. Maragathavally et
al. (2006) speculated that interaction with host cell
factors might influence target site section for certain
transposases.

Insect cell culture can provide a rapid means to
quantify the transpositional activities and insertional
preferences of modified transposons, utilizing plas-
mid-to-plasmid or plasmid-to-chromosome mobili-
zation assays. The main advantages of the plasmid-
to-plasmid assay are that they can be performed rap-
idly and importantly, and that they can also be utilized
to confirm DBD-target sequence interactions without
a need to have the specific target already located on a
chromosome (Wu et al., 2007). Based upon our re-
sults, we suggest that the interplasmid transposition
assay can be used to compare different silkworm
strains or cell lines for their potential use for targeted
transgenesis or gene expression research.

5 Conclusions

The Gal4-piggyBac transposase could increase
the transpositional activity in both B. mori Bm-12 and
Drosophila S2 cells. This chimeric piggyBac could
also direct the integration of the piggyBac element to
several specific sites of the target plasmid, although
the target-directing specificity was lower than that
previously reported in A. aegypti. Therefore, we
conclude that the Gal4-piggyBac transposase has the
potential for use in site-directed transgenesis and for
investigating gene function in B. mori.
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Latest trends and developments

These journals are among the best of China’s University Journals. Here’s why:

» JZUS (A/B/C) have developed rapidly in specialized scientific and technological areas.
JZUS-A (Applied Physics & Engineering) split from JZUS and launched in 2005
JZUS-B (Biomedicine & Biotechnology) split from JZUS and launched in 2005
JZUS-C (Computers & Electronics) split from JZUS-A and launched in 2010

»  We are the first in China to completely put into practice the international peer review system in
order to ensure the journals’ high quality (more than 7600 referees from over 60 countries,

http://www.zju.edu.cn/jzus/reviewer.php)

»  We are the first in China to pay increased attention to Research Ethics Approval of submitted
papers, and the first to join CrossCheck to fight against plagiarism

» Comprehensive geographical representation (the international authorship pool enlarging every
day, contributions from outside of China accounting for more than 46% of papers)

»  Since the start of an international cooperation with Springer in 2006, through SpringerLink, JZUS’s
usage rate (download) is among the tops of all of Springer’s 82 co-published Chinese journals

» JZUS’s citation frequency has increased rapidly since 2004, on account of DOI and Online First
implementation (average of more than 60 citations a month for each of JZUS-A & JZUS-B in 2009)

» JZUS-B is the first university journal to receive a grant from the National Natural Science Foun-

dation of China (2009-2010)




<<
  /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


