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Abstract We describe a point mutation in the AcMNPV
polyhedrin gene that produces abnormally large cubic
polyhedra in packaging cell lines. A polyhedrin mutant
baculovirus in which the single change E44G was intro-
duced confirmed that this mutation and no other alterations
in the AcMNPV genome was responsible for the abnormal
phenotype. Although baculoviral VP39 protein was detec-
ted inside mutant polyhedra, electron microscopy demon-
strated that only a proportion of the large crystals allow
occlusion of virions. When compared with wild-type
polyhedra, the mutant inoculum showed reduced oral
infectivity for Rachiplusia nu larvae. Hence, the amino
acid 44 substitution in the AcMNPV polyhedrin protein
alters polyhedrin assembly and affects viral occlusion and
infectivity.

Keywords AcMNPV polyhedrin - Mutant - Large
polyhedra

Virions of a number of invertebrate viruses are specifically
occluded within robust crystalline particles. The occlusion
bodies (OBs) act as protective packages, allowing infec-
tious virions to survive for long periods in harsh environ-
ments, protecting them from UV irradiation and
desiccation. This unique mode of propagation within pro-
tein crystals is found only in two unrelated families of
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invertebrate viruses: Baculoviridae (baculovirus) and
Reoviridae (cypovirus). This characteristic may have
evolved to maintain the virus during periods when the
larval population is too small, for example during diapause
or seasonal hostile conditions [1, 2].

Baculoviruses of the genus Alphabaculovirus have
several virus particles occluded in a polyhedrin crystalline
matrix to form OBs or polyhedra. Feeding larvae become
infected by ingesting OBs that dissolve in the alkaline
environment of the midgut, releasing the occlusion-derived
virus (ODV). Polyhedrin is one of the most conserved
proteins of the virus. It has a molecular mass of around
29 kDa, and it is highly expressed in the late steps of
infection in insect cells. How polyhedrin plays its role in
the occlusion process is not yet well understood. It is
believed that formation of OBs depends on interactions
between polyhedrin and other proteins present on the
envelope of the virion [3, 4], but some studies have dem-
onstrated that it also depends on its own amino acid
sequence [5, 6]. Three spontaneous mutant viruses with
altered polyhedron morphology have been isolated and
characterized in Autographa californica multiple nucleo-
polyhedrovirus (AcMNPV). In each case, a single amino
acid change in the polyhedrin sequence was responsible for
the abnormal phenotype of the OBs. One of those mutants,
bearing a substitution at position 118, produced large
amounts of small particles instead of crystalline OBs [7].
The other reported mutants, which had a substitution at
residue 59 [8] or 25 [9], produced a single cubic polyhe-
dron in the nucleus of the infected cell. These polyhedron-
deficient mutants have been classified by their different
characteristics as class i and class ii, respectively [10]. This
characterization is based on the location of point mutations
in the polyhedrin secondary structure. According to these
authors, class i mutations affect [ sheet regions, in the
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so-called core, while those of class 1i affect areas close to a
region of disordered residues between amino acids 32 and
48.

In this work, we characterized a point mutation found in
a clone of the plasmid pxx; POL, which is employed in the
development of stable packaging insect cell lines [11], that
resulted in an abnormal phenotype of polyhedra in Sf9
cells. In order to confirm that the morphological changes in
polyhedra were a consequence of the mutation of polyhe-
drin protein, a recombinant baculovirus named AcPOLg44g
was constructed by introducing an A-to-G substitution at
position 130 of the polyhedrin nucleotide sequence (Gen-
Bank: KO01149.1). The coding sequence for polyhedrin
bearing the point mutation was amplified from plasmid
pxxt POL using sense oligonucleotide POL-ATG (5'TA
AATATGCCGGATTATTCA3’) and antisense oligonu-
cleotidle =~ POL-STOP (5TTTTAATACGCCGGACCA
GT3’). A PCR product of the expected size was cloned into
pFastBac-1 plasmid (Invitrogen), and a recombinant
AcMNPV bacmid was obtained using the Bac-to-Bac sys-
tem (Invitrogen). AcPOLgy4g baculovirus was produced by
transfection of Sf9 cells with Cellfectin Reagent (Invitro-
gen) following the supplier’s instructions, and the inocu-
lum was titered by endpoint dilution [12]. Figure 1A shows
the cytopathic effect observed in Sf9 cells infected with
AcPOLgy4G or wild-type (wt) AcMNPV baculovirus. The
abnormal phenotype of occlusion bodies became evident
after 3 days post-infection. Cells infected with AcPOLg44g
baculovirus showed a mean value of 1.9 £ 1.1 large cubic
polyhedra per cell, as compared to 12.2 £ 3.4 normal
polyhedra observed in cells infected with wt AcMNPV.
The means were significantly different (P < 0.05) by
Student’s t-test.

The first approach to characterizing the mutant virus was
to compare the ability of these two viruses to replicate in
Sf9 cells. The growth curves obtained were very similar
(data not shown), suggesting that the point mutation in the
polyhedrin gene of AcPOLg44g did not affect virus repli-
cation. To study the kinetics of polyhedrin production for
both viruses, cells were infected with AcPOLgsug or wt
AcMNPV at a multiplicity of infection (moi) of 10 plaque-
forming units (pfu) per cell and harvested at 6, 18, 24, 30,
42, 48, 54 and 66 hours postinfection (hpi). The samples
were standardized, and equal quantities analyzed by SDS-
PAGE. Western blot was performed using a polyclonal
anti-polyhedrin antibody (GenTex) conjugated to alkaline
phosphatase, and protein bands were made visible using
NBT-BCIP (Promega). Kinetics of polyhedrin production
for both viruses was evaluated by western blot using a
polyclonal anti-polyhedrin antibody (GenTex) conjugated
to alkaline phosphatase and NBT-BCIP substrate (Pro-
mega). Figure 1B shows that, although the quantity of
mutant polyhedrin produced was approximately 4 times
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Fig. 1 A) Microscopic visualization of Sf9 cells infected with
AcPOLEg44c baculovirus. Cytopathic effect of AcPOLg44g at 4 days
postinfection [1] in contrast to wt AcMNPV [2]. Arrows show
polyhedra inside the cells. Magnification 100X. B) Analysis of
polyhedrin kinetics. A western blot was performed using a polyclonal
anti-polyhedrin antibody to detect polyhedron expression in cells
infected with AcPOLggqg or wt AcMNPV from 6 to 66 hours
postinfection (hpi)

lower than that of wt (as estimated by densitometry, not
shown), the progression of polyhedrin synthesis was sim-
ilar for both mutant and wt baculoviruses, indicating that
there was no apparent alteration in temporal polyhedrin
gene expression.

In order to determine whether the large polyhedra pro-
duced by AcPOLg44G were able to occlude baculoviruses,
Sf9 cells were infected at a moi of 1 pfu per cell. As a
control, cells were infected with wt AcMNPV. The infec-
tion was left to proceed for six days, and polyhedra were
purified by extraction with 0.5% SDS and 0.5 M NaCl
[12]. Western blot assays were performed using approxi-
mately 1 x 10® wt or mutant polyhedra, which had been
sedimented and re-suspended in disruption buffer (120 mM
Tris-HCI, pH 6.8, 4% SDS, 0.02% bromophenol blue,
1.4 M 2-mercaptoethanol, 20% glycerol). Samples were
heated at 65°C for 10 min to eliminate baculoviruses on the
polyhedron surface. After centrifugation at 9000xg, the first
supernatant (S1) was kept, and the pellets were washed for
a second time. The second supernatant (S2) was kept, and
the final pellet (P) was treated with 0.1 N Na,COj3. Equal
volumes of supernatants and pellet were loaded onto a gel
and electrophoresed under denaturing conditions. The
presence of occluded virions was inferred by detection of
the nucleocapsid major protein VP39 by western blot using
a monoclonal antibody (1:2,000) [13] and a secondary
alkaline phosphatase-conjugated anti-mouse antibody
(1:15,000) (SIGMA). Figure 2A shows the detection of a
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band corresponding to VP39 in the P fraction of mutant and
wt polyhedra as well as in the S1 fraction of AcPOLgy4G
polyhedra. This result suggests the presence of additional
baculoviruses adsorbed on the surface of the cubical
polyhedra.

To analyze the proportion of structurally aberrant
polyhedra with respect to normally shaped ones and to
confirm the presence of virions within mutant polyhedra,
cells infected with AcPOLg44g baculovirus were analyzed
by transmission electron microscopy (TEM). Briefly,
infected cells were fixed with 2.5% glutaraldehyde, post-
fixed in 2% osmium tetroxide and packaged in agar.
Blocks were then carved and sliced with an ultramicro-
tome to obtain section pieces of about 60-90, nm which
were collected on copper grids and contrasted with heavy
salts (coloration of uranyl-Reynold’s). Samples were
visualized in a TEM JEOL 1200EX-II microscope. An
extensive scan of the field revealed that the proportion of
abnormally-shaped polyhedra with respect to normally-
shaped ones was of 54.5%; only 47.3% of the abnormal
polyhedra were found to have baculoviruses inside. Fig-
ures 2B 1 and 2 show two mutant cubic polyhedra, one of
them occluding virions, and the other not. The dimensions
of the abnormal crystals ranged from 4 to 15 pm, with a
mean =+ standard deviation (SD) value of 5.6 £ 1.8 pm
in comparison to wt polyhedra, which were typically
1-2 pm, with a mean value of 1.7 and a SD of 0.2. We
noticed the presence of large quantities of pre-occluded
baculoviruses outside the OBs, which was probably
related to the detection of VP39 in the S1 fraction
(Fig. 2A). This observation suggests that the mutation
responsible for altering the phenotype of OBs also

Fig. 2 A) Immunoblot assay to A AcPOLy,,

generates a deficiency in viral occlusion by an unknown
mechanism.

In order to determine the infectivity of mutant polyhe-
dra, groups of twelve randomly selected third instar
Rachiplusia nu larvae were orally infected with increasing
doses of AcPOLg44g or wt AcMNPV polyhedra (up to
1,600) on artificial food cubes. Another group was mock-
infected as a negative control. The number of deaths was
recorded every day until the control larvae pupated. The
experiment was performed three times.

Lethal timessq (LTs) were significantly different for wt
AcMNPV and AcPOLg44G at the three doses of polyhedra
assessed (8.21 vs 11.37, 7.11 vs 10.59 and 6.94 vs
9.15 days postinfection, for 100, 400 and 1,600 polyhedra,
respectively, p < 0.05, ANOVA with Tukey’s multiple
comparisons post-test) and were consistent with a dimin-
ished LDsq in AcPOLE44g With respect to wt (mean 56.5,
SD 18 vs mean 5.7, SD 2.9, Probit analysis by BioStat 4.1).

This diminished infectivity is in accordance with elec-
tron micrographs, which demonstrated that only half of the
polyhedra produced by AcPOLg4yg occluded baculovi-
ruses. Probably, the lower mortality observed with the
abnormal polyhedra is a result of their occlusion
deficiency.

When the effect of the infection process became
apparent in larvae, haemolymph samples were extracted
and observed under a light microscope. Polyhedra found in
the haemolymph from larvae infected with mutant poly-
hedra were morphologically abnormal and characteristic of
AcPOLEgy4 infection, whereas haemolymph from larvae
infected with wt polyhedra contained normal-sized occlu-
sion bodies (data not shown).

AcMNPV wt

determine baculovirus occlusion

in mutant polyhedra. VP39 St 52 r St

S2 P

protein detection assays were
performed on samples from — ..
inside and outside polyhedra.

— =« |+— VP39

Polyhedra were extracted with
SDS, washed twice and finally

treated with Na,COj to dissolve
polyhedrin and release virions
(S1 and S2: supernatants of
washing steps 1 and 2,
respectively; P: pellet; see text).
B) Electron micrographs of cells
infected with AcPOLg44G or wt
AcMNPYV 1) Mutant polyhedron
with virions inside. 2) Mutant
polyhedron with no virions
inside. 3) Wild-type polyhedra
occluding virions
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Finally, secondary structures and 3-D models of the wt
and mutant polyhedrins were predicted using the Scratch
and I-Tasser servers, respectively. The substitution of a
negatively charged glutamic acid by a small neutral glycine
residue occurred in a region of disordered residues that
remained unresolved in the tertiary structure of the protein
obtained by crystallography (PDB ID:2WUY) [10].
Although the predicted secondary structure of mutant
polyhedrin exhibited an interruption of an alpha helix
(Fig. 3A), the alignment of predicted tertiary structures for
both proteins did not show relevant changes (Fig. 3B), and
the model obtained for the quaternary structure of the
mutant polyhedrin trimer did not reveal any apparent dif-
ferences when compared to the structure of the wt poly-
hedrin trimer determined by X-ray crystallography (not
shown).

Our results are in accordance with previous reports that
naturally occurring amino acid substitutions in polyhedrin,
most of them single point mutations, produce variable
phenotypic changes, such as the formation of large cubic
polyhedra that occlude no or few virions [8, 14, 15]. The
mutation E44G, which corresponds to the class ii classifi-
cation according to Ji et al. [10], generates large cubic

polyhedra that inefficiently occlude baculovirus, and it
alters infectivity as well.

As the mechanisms and the genetic basis of the occlu-
sion process are still unknown, the cause of the decrease in
occlusion within certain mutant polyhedra remains to be
determined. Polyhedra of similar morphology to the wt
polyhedra and without occluded virions are not rare in
nature [16]. The absence of selection in the culture system,
in contrast to what happens naturally, may explain the
appearance of this phenotype. Nevertheless, ODV integrity
is not a prerequisite for polyhedron morphogenesis. A
mutant of AcMNPV that generates morphologically normal
polyhedra that do not contain virions inside has been
described elsewhere [17]. These authors found that deletion
of the ac142 gene leads to a defect in ODV envelopment,
and as a result, no occlusion is detected. Thus, in the case
of the polyhedrin point mutants, this deficiency may be due
to a conformational change in polyhedrin assembly that
prevents normal packaging of ODVs. Also, the region
between residues 32 and 48 is less conserved among
members of the different baculovirus species. This vari-
ability suggests that this region plays an important role in
the specificity of virus packaging, and baculoviruses would

Fig. 3 A) Prediction of
secondary structures of E44G
mutant and wt polyhedrin
proteins (polh) using the Scratch
server. The position of the
amino acid substitution is
highlighted in grey. H: helix; E:
strand; C: coil. Pred: prediction.

10
Wt polh:
Pred:

Pred:

MPDYSYRPTIGRTYVYDNEYYENLGAVIKINAKRKEHF AEHE IEEATLDPLDNYLVAEDPF
CCCCCCCCCCCCEEEECCHHHHHHEHHEHEHHHHHHHHEHHERHEHCCCHCCCEEECCCCC

Polh E44G: MPDYSYRPTIGRTYVYDNEYYKNLGAVIKNAKRKKHFAEHEIEGATLDPLDNYLVAEDPF
CCCCCCCCCCCCEEEECCHHHHHEHHENEEHHHHHHHEHHRHCCCCCCHCCCEEECCCCC

20 30 40 50 60

B) 3-D model alignment of B
polyhedrin structures using the
I-Tasser server. E44G
polyhedrin is represented in a
dark color, and wt polyhedrin in
a light color [1]. The region of
disordered residues that was not
resolved by crystallography for
AcMNPYV polyhedrin (PDB
2WUY) is boxed. [2] Closer
view of the highlighted region,
where the side chain of glutamic
acid at position 44 of wt
sequence is shown in a ball-and-
stick representation

@ Springer




AcMNPV mutant producing large cubic polyhedra

699

require certain flexibility in areas that interact with the
virion envelope proteins [10]. It is not known in detail if
this asymmetry is needed to occlude the irregular packages
of nucleocapsids or if it is not relevant, since polyhedrin
may interact nonspecifically with baculovirus proteins.
However, this hypothesis is supported by the observation
that mutations close to this region or within it interfere with
viral occlusion. In the case of the mutant described in this
work, although it forms part of a variable region, residue 44
is highly conserved among members of different baculo-
virus species [2], and we observed that its substitution
affects polyhedron morphology and baculoviral occlusion,
probably by altering the assembly of polyhedrin building
blocks and giving viruses less physical space to adhere to
the crystal structure.

Acknowledgments The authors want to thank Dra. Alicia Sciocco
and Dr. Ricardo Salvador for their help with the bioassays and the
statistical analysis, Lic. Rubén Marrero for his valuable help with
structure modeling, Ing. Gonzalo Grigera (Agldea S. A.) for kindly
providing R. nu larvae and Dra. Maria Inés Gismondi for the revision
of this manuscript. This work was supported by grant PE 232161
INTA.

References

1. Federici BA (1997) Baculovirus pathogenesis. In: Miller LK (ed)
The baculoviruses. Plenum Press, New York, pp 33-59

2. Coulibaly F, Chiu E, Gutmann S, Rajendran C, Haebel PW, Ikeda
K, Mori H, Ward VK, Schulze-Briese C, Metcalf P (2009) The
atomic structure of baculovirus polyhedra reveals the independent
emergence of infectious crystals in DNA and RNA viruses. Proc
Natl Acad Sci USA 106:22205-22210

3. Woo SD, Kim WJ, Kim HS, Jin BR, Lee YH, Kang SK (1998)
The morphology of the polyhedra of a host range-expanded
recombinant baculovirus and its parents. Arch Virol
143:1209-1214

4. Wang L, Salem TZ, Campbell DJ, Turney CM, Kumar CM,
Cheng XW (2009) Characterization of a virion occlusion-defec-
tive Autographa californica multiple nucleopolyhedrovirus
mutant lacking the p26, pl0 and p74 genes. J Gen Virol
90:1641-1648

5. Carstens EB, Williams GV, Faulkner P, Partington S (1992)
Analysis of polyhedra morphology mutants of Autographa

10.

11.

12.

13.

14.

15.

16.

17.

californica nuclear polyhedrosis virus: molecular and ultrastruc-
tural features. J Gen Virol 73(Pt 6):1471-1479

. Woo SD, Ahn JY (2006) Influence of polyhedrin and host cell on

the polyhedra morphology of Autographa californica nucleo-
polyhedrovirus. Appl Entomol Zool 41:435-443

. Ribeiro BM, Generino AP, Acacio CN, Kalapothakis E, Bao SN

(2009) Characterization of a new Autographa californica multi-
ple nucleopolyhedrovirus (AcMNPV) polyhedra mutant. Virus
Res 140:1-7

. Carstens EB, Krebs A, Gallerneault CE (1986) Identification of

an amino acid essential to the normal assembly of Autographa
californica nuclear polyhedrosis virus polyhedra. J Virol
58:684-688

. Lin GY, Zhong J, Wang XZ (2000) Abnormal formation of

polyhedra resulting from a single mutation in the polyhedrin gene
of Autographa californica multicapsid nucleopolyhedrovirus.
J Invertebr Pathol 76:13-19

Ji X, Sutton G, Evans G, Axford D, Owen R, Stuart DI (2009)
How baculovirus polyhedra fit square pegs into round holes to
robustly package viruses. Embo J 29:505-514

Lopez MG, Alfonso V, Carrillo E, Taboga O (2010) Trans-
complementation of polyhedrin by a stably transformed Sf9
insect cell line allows occ-baculovirus occlusion and larval per os
infectivity. J Biotechnol 145:199-205

O’Reilly DR, Miller LK, Luckow VA (1994) Baculovirus
expression vectors: a laboratory manual. W. H. Freeman, New
York

Whitt MA, Manning JS (1988) A phosphorylated 34-kDa protein
and a subpopulation of polyhedrin are thiol linked to the carbo-
hydrate layer surrounding a baculovirus occlusion body. Virology
163:33-42

Katsuma S, Noguchi Y, Shimada T, Nagata M, Kobayashi M,
Maeda S (1999) Molecular characterization of baculovirus
Bombyx mori nucleopolyhedrovirus polyhedron mutants. Arch
Virol 144:1275-1285

Lin GY, Zhong J, Wang XZ (2000) Abnormal formation of
polyhedra resulting from a single mutation in the polyhedrin gene
of Autographa californica multicapsid nucleopolyhedrovirus.
J Invertebr Pathol 76:13—-19

Goodwin RH, Adams JR (1980) Nutrient factors influencing viral
replication in serum-free insect cell line culture. In: Kurstak E,
Maramorosch K, Dubendorfer A (eds) Invertebrate systems in
vitro. Elsevier, Amsterdam, pp 493-509

McCarthy CB, Dai X, Donly C, Theilmann DA (2008) Autog-
rapha californica multiple nucleopolyhedrovirus ac142, a core
gene that is essential for BV production and ODV envelopment.
Virology 372:325-339

@ Springer



	Description of a novel single mutation in the AcMNPV polyhedrin gene that results in abnormally large cubic polyhedra
	Abstract
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /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 149
  /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 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 149
  /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 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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


