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Abstract The metabolic activity of the aflatoxigenic
fungus, Aspergillus flavus co-cultured with the bio-
control yeast, Pichia anomala was examined using
several viability stains. Both the FUN-1 stain and the
combined use of DiBAC,4(5) with CDFA-AM stains
were applied in this study. The results suggest that the
ATP-generating system in A. flavus was inactivated as
the ratio of yeasts to fungi increased in the dual culture.
A decrease in hyphal membrane potential and esterase
activity was substantiated by the combined stains of
DiBAC,4(5) and CDFA-AM. Reduced metabolic func-
tion in conjunction with cell wall damage of A. flavus
hindered the growth and biomass production of this
fungus. Viability stains such as FUN-1 and DiBAC4(5)
with CDFA-AM may assist in elucidating the biocon-
trol mechanism by allowing for the visualization of the
antagonistic effect of yeast species on target fungi in
situ, as well as for screening potent biocontrol yeast
agents against fungal pathogens.
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Introduction

Fluorescent dyes that measure different cellular
physiological states are useful for a comprehensive
understanding of the metabolic status of the cells. For
example, the DNA intercalating fluorescent red dye,
propidium iodide (PI) and the green fluorescent dye
oxonol (OX) have been used for measuring mem-
brane integrity and membrane potential, respectively,
in dead or damaged yeast cells. Fluorogenic esterase
substrates such as 5-chloromethylfluorescein diace-
tate (CMFDA) have been commonly used for mea-
suring membrane esterase activity which is only
active in intact cells [1, 2].

The FUN-1 [2-chloro-4-(2,3 dihydro-3-methyl
(benzo-1,3-thiozol-2-yl)-methylidene)-1-phenylquin-
olinium iodide] stain is a membrane-permeant, halo-
genated cyanine compound that binds to nucleic acids.
Biochemical processing of the dye by metabolically
active yeast cells yields cylindrical intra-vacuolar
structures (CIVS) that are markedly red shifted in
fluorescent emission and spectrally distinct from the
nucleic acid bound form of the dye. The formation of
CIVS structure requires ATP [3]. The FUN-1 stain has
been applied to assess the damage to target pathogens
caused by antifungal agents in several species of
Aspergillus species [4-6]. These studies show that
FUN-1 is useful as a viability stain to monitor the
metabolic status of fungi.

Oxonol stains are lipophilic anionic compounds
capable, unlike most ionic molecules, of entering the
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plasma membrane barrier. The fluorescence of
DiBAC4(3) [Bis-(1,3-dibutylbarbituric acid) trime-
thine oxonol] is strongly dependent upon the surround-
ing environment [7]. The plasma membrane in viable
cells will normally exhibit a potential gradient such
that the exterior is more positively charged and the
oxonol will accumulate toward the outer surface [2].
Under this condition, the fluorescence is suppressed.
However, when the cell membrane potential collapses,
whether in response to a cytotoxic event or otherwise,
the stain enters the cell and exhibits green fluorescence.
In the case of DiBAC4(5) [Bis-(1,3-dibutylbarbituric
acid) pentamethine oxonol], a structural analog of the
commonly used DiBAC4(3) a red fluorescence is
exhibited. The CFDA-AM [5-carboxyfluorescein diac-
etate, acetoxymethyl ester] probe is taken up by viable
cells and upon hydrolysis by intracellular esterases,
forms carboxyfluorescein. The carboxyfluorescein is
retained in the cell and exhibits bright, green fluores-
cence in the cytoplasm. The process of hydrolysis is
disrupted when the cell is damaged. Therefore, it
serves as a marker for cell membrane integrity. The
CFDA-AM probe may be used to assess fungal cell
injury induced by active antifungal agents.

In this study, we examined the metabolic activity of
the aflatoxigenic fungus, Aspergillus flavus co-cul-
tured with a biocontrol yeast, Pichia anomala. FUN-1,
DiBAC4(5) and CFDA-AM were used as viability
stains to investigate the effect of yeast on A. flavus. Our
two-color vital staining scheme involved the red
fluorescent membrane potential-sensitive oxonol stain
with the esterase-dependent green fluorogenic probe,
and the vitality of A. flavus fungal hyphae could be
clearly differentiated even at the hyphal segment level.

Materials and Methods
Microorganisms and Culturing Media

Aspergillus flavus, strain CA18 and Pichia anomala,
strain WRL-076 were used in this study. The fungal
and yeast cultures were maintained on potato dex-
trose agar (PDA). To inoculate PDB (potato dextrose
broth), fungal spores and yeast cells were resus-
pended in Tween 80 solution (0.9 % NaCl and 0.01%
Tween 80) and counted using a Beckman Coulter
Multisizer II (Beckman Coulter, Fullerton, CA, USA)
or a hemocytometer.

@ Springer

Chemicals

FUN-1 [2-chloro-4-(2,3 dihydro-3-methyl (benzo-1,
3-thiozol-2-yl)-methylidene)-1-phenylquinolinium
iodide] was purchased from Invitrogen (Carlsbad, CA,
USA); Tween-80, glucose and HEPES [N-2-Hydro-
xyethylpiperazine-N'-2-ethanesulfonic acid] were pur-
chased from Sigma Chemical Co. St. Louis, MO).
CFDA-AM [5-carboxyfluorescein diacetate, acetoxy-
methyl ester] and DiBAC4(5) [Bis-(1,3-dibutylbarbi-
turic acid) pentamethine oxonol] were purchased from
Ana Spec Inc. (San Jose, CA, USA).

Experimental Design

Flasks containing 50 ml potato dextrose broth (PDB)
were inoculated with yeast and each flask was
inoculated with 1 ml of fungal spore suspension at
10°/ml, and the final concentration of the yeast cells
in the medium was adjusted according to the yeast to
fungus ratios (Y:F) of 1:1, 5:1, 10:1, 30:1, and 50:1.
The flasks were incubated at 28°C for 48 h with
gentle shaking. Hyphae of A. flavus were harvested
and separated from the yeast cells by filtering through
the Cellector tissue sieve with 38.1-pum filter (VWR
Scientific, Brisbane, CA, USA). As a positive control
for viability, fungal spores were inoculated into
50 ml PDB without the yeast cells. Dead hyphae
were produced by boiling hyphae for 30 min. Both
live and dead fungal hyphae were used as controls in
the staining studies.

Fluorescent Staining

The fungal hyphae harvested by sieve screening were
gently rinsed with sterile deionized water before
being transferred to a 1.5-ml microfuge tube contain-
ing 1 ml sterile deionized water. The hyphal suspen-
sion was then centrifuged in an Eppendorf microfuge
for 5 min. The supernatant was removed, and FUN-1
in HEPES buffer was added to the hyphae and
incubated at 28°C in the dark for 30 min.

The stained hyphae were rinsed twice with HEPES
buffer, spotted on a slide and viewed under a Leica
DMRB epifluorescence microscope (Leica Microsys-
tems, Wetzlar, Germany) equipped with a fluorescein
filter. The fluorescein filter enabled the visualization
of both green fluorescent hyphae and red fluorescent
CIVS. Images were captured with a Sony DKC-5000
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digital color camera (Sony Electronics Inc., Tokyo,
Japan).

Stock solutions of staining chemicals were pre-
pared in dimethyl sulfoxide (DMSO): 2.5 mg/ml for
CFDA-AM and 1 mg/ml for DiBAC4(5). All samples
were stained in PBS (phosphate-buffered saline)
unless otherwise indicated. Staining was performed
by addition of lul of each stain per 1 ml of sample
followed by incubation for 30 min at room temper-
ature in the dark. Samples were thereafter kept on ice
until observation under the microscopic. The samples
stained with CFDA-AM and DiBAC4(5) were viewed
with a fluorescein filter under a Zeiss Axioskop
epifluorescence microscope (Carl Zeiss Inc. Thorn-
wood, New York). Images were captured with a Sony
AxioCam MR (Sony Electronics Inc, Tokyo, Japan).

Effect of P. anomala on A. flavus Fungal Biomass

Aspergillus flavus was co-cultured in PDB with
P. anomala at various ratio and the hyphae collected
as described above. The hyphae were then rinsed with
distilled water, transferred to a pre-weighed filter
paper and dried in an oven at 65°C overnight. The
weight of each dried hyphal sample was measured in
order to assess the inhibitory effect of P. anomala on
the A. flavus biomass.

Results and Discussion

Determination of the Metabolic Status of Fugal
Hyphae by FUN-I

The optimal concentration for staining of live A. flavus
was 10 pM FUN-1 in HEPES buffer (PH, 7.0).
Addition of glucose to the buffered staining solution
was essential for the biochemical processing of the dye
and therefore the production of the fluorescently red-
shifted CIVS. Consequently, live A. flavus hyphae
stained with FUN-1 showed intense red fluorescence in
the vacuole when visualized by epifluorescence
microscopy. The red fluorescent intravacuolar struc-
tures within the hyphae (shown in greater detail in
inset) and by the relatively low and diffuse green
fluorescence of the hyphae are observed in Fig. 1a. All
hyphae of A. flavus grown in PDB without P. anomala
were metabolically active, as evidenced by the pres-
ence of CIVS within the hyphae (Fig. 1a).

As the inoculation ratios of yeast cells to fungal
spores increased, FUN-1 accumulation in the vacu-
oles was shown at a decreasing rate. Hyphae of
A. flavus grown with the yeast P. anomala in a ratio
of (Y:F, 30:1) displayed few red fluorescent vesicles
while a high proportion of the hyphae had bright
green fluorescence, characteristic of low metabolic
activity (Fig. 1b). It is unclear whether this hetero-
geneous effect of the yeast on the metabolism of
individual A. flavus hyphae was caused by the
shielding of a small proportion of the hyphae within
the fungal biomass from the inhibitory effect of the
yeast cells, or by the heterogeneous sensitivity of
the hyphae to the inhibition by the yeast within the
biomass. This heterogeneity in a fungal population
has been reported previously by Lass-Flor et al. [4].
In their study, FUN-1 staining revealed that a small
number of viable hyphae remained viable, and thus
survived exposure to high concentrations of fungi-
cide, whereas a large proportion of the fungal
population appeared dead.

Most hyphae of A. flavus grown in the presence of
P. anomala at a ratio of Y:F (50:1) lacked red
fluorescent vesicles and had bright green fluorescence
(Fig. 1c); their appearance was similar to heat-killed
hyphae (Fig. 1d), suggesting that the yeast had a
strong negative effect on the viability of the fungus.
Heat-killed A. flavus stained with FUN-1 showed
only bright green fluorescent hyphae devoid of red
vacuoles (Fig. 1d).

Antagonistic Effect of P. anomala on A. flavus

A combined use of the red fluorescent membrane
potential-sensitive oxonol stain, DiIBAC4(5) and the
esterase-dependent green fluorogenic probe, CFDA-
AM could clearly demonstrate that hyphae were
damaged by the yeast, P. anomala in a segmental
pattern. Live A. flavus hyphae grown in the absence
of P. anomala exhibited intense green fluorescence
when visualized by epifluorescence microscopy
(Fig. 2a). Hyphae of A. flavus grown with the yeast
P. anomala in a ratio of 5;1 and 10:1 (Y:F) displayed
both red and green fluorescent on the same hypha,
suggesting that part of the hypha had lost mem-
brane potential permitting fluorescence of DiBAC4(5)
stain. The red fluorescence imparted to the damaged
segment of the hyphae. Other segments of the same
fungal hypha appeared to remain intact, therefore the
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Fig. 1 Epifluorescence micrographs of live, yeast-treated and
heat-killed A. flavus stained with FUN-1 viability stain. Viable
A. flavus was evidenced by the red fluorescent intravacuolar
structures (red arrows) within the hyphae (shown in greater
detail in inset) and by the relatively low and diffuse green
fluorescence of the hyphae (a). A. flavus grown with the yeast
P. anomala in a ratio of 30:1 (Y:F) displayed few red

CFDA-AM stain was cleaved by the active esterase and
produced a bright green fluorescent color (Fig. 2b).
Most hyphae of A. flavus grown in the presence of a
high number of P. anomala (Y:F at 10:1) were red
fluorescent and had some bright green fluorescence
(Fig. 2c). Fungal hyphae inactivated by heat treatment
showed only red fluorescence (Fig. 2d). The data
suggest that A. flavus grown in the presence high ratio
of yeast in the dual culture loses its viability.

Reduction of Fungal Biomass

The dry weights of A. flavus mycelia grown in PDB at
the yeast to fungal spore ratios of 0:1, 1:1, 5:1, 10:1
and 50:1 (Y:F) were 57.5 (SD, 4.1), 16.9 (SD, 2.6),
10.9 (SD, 1.1), 3.4 (SD, 0.6) and 0.3 (SD, 0.26) mg,
respectively. These results demonstrate that the yeast
inhibited the growth of A. flavus by 70.6% in the 1:1
yeast to fungus samples when compared to the
control in which yeast was not present. When the
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fluorescent vesicles and a high number of bright green
fluorescent hyphae (b). Hyphae of A. flavus grown with
P. anomala at a ratio of 50:1 (Y:F) lacked red fluorescent
vesicles and had bright green fluorescence (c¢), similar to the
heat-killed control of A. flavus (d). The FUN-1-stained hyphae
were visualized with a fluorescein filter. Magnification: 400x.
Bars 20 pm

ratio increased to 50:1, the dry mycelia weight
decreased by 99.5%, which corresponded to a 192-
fold decrease. Comparison of the biomass averages
by ANOVA indicates that the antagonistic effect of
P. anomala on A. flavus mycelium production was
significant (Fig. 3).

The inhibitory effect of the yeast on the biomass of
A. flavus is consistent with the results obtained with
the viability stains, based on observation under the
fluorescent microscope. A small proportion of the
hyphae remained viable at a ratio of yeast to fungus
of 30:1, while a complete lack of metabolic activity
was obvious at a ratio of 50:1. This loss of metabolic
activity, based on staining with FUN-1, correlates
well with the near complete inhibition of A. flavus
growth in the presence of high population densities
of P. anomala. Additionally, dual staining with
DiBAC4(5) and CFDA-AM revealed that large seg-
ments of A. flavus hyphae were nonviable at yeast to
fungal ratio of 10 to 1.
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Fig. 2 Epifluorescence micrographs of live, yeast-treated and
heat-killed A. flavus stained with DiIBAC4(5) and CFDA-AM
viability stains. Live A. flavus hyphae showed intense green
fluorescence (a). A. flavus grown with the yeast P. anomala in a
ratio of 5:1 (Y:F), displayed both red and green fluorescent on
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20 b
10 ’_[_‘ ¢ c
0 Iil | —
0:1 1:1 5:1 10:1 50:1
Inoculum ratio (yeast cells: fungal spores)

Fungal biomass (mg))

Fig. 3 Effect of P. anomala on A. flavus fungal biomass when
both were co-inoculated in culture at increasing ratios of yeast
cells to fungal spores. Details of the experiments were
described in the method above. Each data point represents
the mean dry weight of three replicate cultures and the standard
deviation. Values marked by the same letter were not
significantly different by the ANOVA analysis (P < 0.05)

A variety of yeast species have been used as
biocontrol agents for postharvest or preharvest control
of fruit diseases [8, 9]. A major mechanism of yeast
biocontrol agents is their effectiveness in competing
for nutrients [8]. In addition, production of the cell
wall degrading enzyme, exo-f-1, 3 glucanase was

the same hypha (b). Most hyphae of A. flavus grown in the
presence of P. anomala at a ratio of 10:1 (Y: F) were red
fluorescent and had very little bright green fluorescence (c).
The appearance of heat-killed A. flavus hyphae stained red (d).
Magnification: 400x. Bars 20 pm

implicated in the biocontrol effect of P. anomala
strain K against Botritis cinerea [10]. Both FUN-1
stain and the combinatorial use of DIBAC4(5) with
CDFA-AM stain demonstrated that P. anomala not
only inactivated the ATP generating system in
A. flavus but also caused damage in hyphal cell walls
and decreased membrane potentials. This study dem-
onstrates the great potential for using viability staining
in the evaluation of biocontrol yeast. As we learn more
about mechanisms by which yeasts control the target
fungus, more effective methods for selecting, formu-
lating and applying biocontrol agents will emerge.
Several strains of the yeast species, P. anomala,
have been demonstrated to control storage mold
in small grains [11, 12], to reduce fruit rot in apple
[10] as well as to prevent aflatoxin and ochratoxin
contamination by A. flavus and Penicillium roqueforti
[11-14]. The Food and Agriculture Organization
(FAO) estimates that 25% of the world’s food crops
are affected by mycotoxins [15-17], of which the
most harmful are aflatoxins (Commission of the
European Community, 1998; U.S. Food and Drug
Administration, 1996). Thus, P. anomala may be a
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potential biocontrol agent to reduce mycotoxins in a
variety of commodities.

Acknowledgments We thank Thomas McKeon. Glenn
Barley and Bruce C. Campbell for their comments and
reviews of the manuscript.

References

1. Hickey PC, Swift SR, Roca MG, Read ND. Live-cell
imaging of filamentous fungi using vital fluorescent dyes
and confocal microscopy. Method Microbiol. 2004;34:
63-87.

2. Lloyd D, Hayes AJ. Vigour, vitality and viability of
microorganisms. FEMS Microbiol Lett. 1995;133:1-7.

3. Millard PJ, Roth BL, Thai HP, Yu ST, Haugland RP.
Development of the FUN-1 family of fluorescent probes
for vacuole labeling and viability testing of yeasts. Appl
Environ Microbiol. 1997;63:2897-905.

4. Lass-Florl C, Nagl M, Speth C, Ulmer H, Dierich MP,
Wiirzner R. Studies of in vitro activities of Voriconazole
and Itraconazole against Aspergillus hyphae using viability
staining. Antimicrob Agents Chemother. 2001;45:124-8.

5. Marr KA, Koudadoust M, Black M, Balajee SA. Early
events in macrophage killing of Aspergillus fumigatus
conidia: new flow cytometric viability assay. Clin Diag
Lab Immunol. 2001;8:1240-7.

6. Balajee SA, Marr KA. Conidial viability assay for rapid
susceptibility testing of Aspergillus species. J Clin Micro-
biol. 2002;40:2741-5.

7. Brauner T, Hiilser DF, Strasser RJ. Comparative mea-
surement of membrane potentials with microelectrodes and
voltage-sensitive dyes. Biochimi Biophys Acta. 1984;771:
208-16.

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

. Janisiewicz W, Korsten L. Biological control of postharvest

diseases of fruits. Ann Rev Phytopathol. 2002;40:411-41.

. Spadaro D, Gullino ML. State of the art and future pros-

pects of the biological control of postharvest fruit diseases.
Int J Food Microbiol. 2004;91:185-94.

Jijakli MH, Lepoivre P. Characterization of an exo-f-1, 3
glucanase produced by Pichia anomala K, an antagonist of
Botrytis cinerea on apples. Phytopathology. 1998;88:335—
43.

Petersson S, Schnurer J. Biocontrol of mold growth in
high-moisture wheat stored under airtight conditions by
Pichia anomala, Pichia guillermondii, and Saccharomyces
cerevisiae. Appl Environ Microbiol. 1995;61:1027-31.
Petersson S, Scnurer J. Pichia anomala as a biocontrol
agent of Penicillium roqueforti in high-moisture wheat,
rye, barley, and oats stored under airtight conditions. Can J
Microbiol. 1998;44:471-6.

Hua SST, Baker JL, Flores-Espiritu M. Interactions of
saprophytic yeasts with a nor mutant of Aspergillus flavus.
Appl Environ Microbiol. 1999;65:2738-40.

Hua SST. Progress in prevention of aflatoxin contamina-
tion in food by preharvest application of Pichia anomala
WRL-076. In: Mendez-Vilas A, editor. Recent advances in
multidisciplinary applied microbiology. Weinheim: Wiley-
VCH Verlag GmbH&Co. KGaA; 2006. p. 322-6.
Scudamore KA. Aspergillus toxin in food and animal
feeding stuffs. In: Powell KA, Renwick A, Peberdy JF,
editors. The genus Aspergillus. New York: Plenum Press;
1994. p. 59-71.

Commission of the European Community. Commission
Directive 98/53/EC of July 1998 laying down the sampling
methods and the methods of analysis for the official control
of the levels of certain contaminants in food stuffs. Off Eur
Communities Legislation. 1998; L.201:93-101.

U. S. Food and Drug Administration. Compliance policy
guides manual. Washington, DC: U. S. FDA; 1996. Sec.
555.400, 268; Sec. 570.500, 299.



	Fluorescent Viability Stains to Probe the Metabolic Status of Aflatoxigenic Fungus in Dual Culture of Aspergillus flavus and Pichia anomala
	Abstract
	Introduction
	Materials and Methods
	Microorganisms and Culturing Media
	Chemicals
	Experimental Design
	Fluorescent Staining
	Effect of P. anomala on A. flavus Fungal Biomass

	Results and Discussion
	Determination of the Metabolic Status of Fugal Hyphae by FUN-I
	Antagonistic Effect of P. anomala on A. flavus
	Reduction of Fungal Biomass

	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


