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Multiplex Detection of Mutations

David S. Perlin, Sergey Balashov, and Steven Park

Abstract
Rapid and reliable detection of mutations at the genetic level is an integral part

of modern molecular diagnostics. These mutations can range from dominant single
nucleotide polymorphisms within specific loci to codominant heterozygotic insertions and
they present considerable challenges to investigators in developing rapid nucleic acid-based
amplification assays that can distinguish wild-type from mutant alleles. The recent
improvements of real-time polymerase chain reaction (PCR) using self-reporting fluores-
cence probes have given researchers a powerful tool in developing assays for mutation
detection that can be multiplexed for high-throughput screening of multiple mutations and
cost effectiveness. Here we describe an application of a multiplexed real-time PCR assay
using Molecular Beacon probes for the detection of mutations in codon 54 of the CYP51A
gene in Aspergillus fumigatus conferring triazole resistance.

Key Words: Real-time PCR; molecular beacons; Aspergillus fumigatus; triazole
resistance; multiplex.

1. Introduction
The ability to detect multiple targets in a single assay represents one of

the most powerful applications of real-time self-reporting probes. Multiplex
assays increase throughput and reduce assay costs, which provides important
benefits for diagnostic laboratories and research applications (1). Most current
instrumentation is limited to the simultaneous discrimination of four separate
fluorophores per assay reaction, although newer instruments can handle six-color
detection. Thus, in most assays only four defined targets can be distinguished if
each target is labeled with a separate probe. Other limitations can include inter-
ference from the inclusion of multiple primer sets for amplification of separate
targets within the assay reaction. However, depending on the requirement of the
output data many more targets can be distinguished. For example, if the assay
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is intended to distinguish between a wild-type sequence and multiple mutant
sequences within the probe domain, then labeling the wild-type probe with one
fluorophore and all others with a different fluorophore allows simultaneous
detection of numerous targets with two color discrimination that can be
detected with most real-time polymerase chain reaction (PCR) instruments.
Such an approach is particularly amenable to the detection of drug resistance
alleles, which can be confined to a single residue or to short sequence stretches
(2–4). In such cases, allele discrimination within a common target region is
critical. Molecular beacons are ideally suited for both allele discrimination and
multiplex applications (5–8). The development of a robust multiplex assay for
distinguishing multiple targets is shown for codon 54 of AfCYP51A, which
encodes the sterol biosynthetic enzyme lanosterol demethylase (4). Mutations
at this locus confer resistance to the triazole drug itraconazole in the invasive
mould Aspergillus fumigatus (9,10), which is a major cause of death in severely
immunosuppressed patients. Depending on the data output requirement, a multiplex
assay can be established with either four (or six depending on instrument) outputs
(four color) corresponding to each specific allele or with either two outputs (two
color) representing the wild-type target sequence and any mutant allele.

2. Materials
2.1. Probe Development and Validation

1. Beacon Designer 2.12 software (PREMIER Biosoft Int., Palo Alto, CA).
2. Oligo, version 4.04, software (Molecular Biology Insights, Inc., Cascade, CO).
3. Molecular beacons were purchased from Biosearch Technologies, Inc. (Novato, CA).

The probes were labeled at the 5�-end with fluorophores 5-carboxyfluorescein (FAM)
and 6-carboxy-2�,4,4�,5�,7,7�-hexachlorofluorescein (HEX), carboxy-X-rhodamine
(ROX), or Quasar 670 (Q670) and dabcyl (4-((-4-(dimethylamino)-phenyl)-
azo)-benzoic acid) or BHQ-1 at the 3�-end stored at �20°C until used.

4. Beckman Coulter System Gold high-pressure liquid chromatography (HPLC)
(Beckman Coulter, Fullerton, CA).

5. C-18 reverse-phase column (Waters, Milford, MA).
6. 20% to 70% acetonitrile in 0.1 M triethylammonium acetate (pH 6.5) filtered

and degassed.
7. Ethanol, 200 proof (Sigma Aldrich, St Louis, MO) stored at �20°C until used.
8. 0.3 M sodium acetate (Sigma Aldrich) stored at 4°C until used.
9. Eppendorf Vacufuge concentrator (Brinkmann, Westbury, NY).

10. DNA grade water (Fisher Scientific, Fairlawn, NJ), stored at room temperature
until used.

11. Hybridization reaction mixture contained Stratagene Core PCR buffer (Stratagene,
La Jolla, CA), 4 mM MgCl2, 100 pmol individual target oligonucleotide and 5 pmol
molecular beacon. Each reagent was stored at �20°C until used.

12. Stratagene Mx4000 Multiplex Quantitative PCR System (Stratagene).
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2.2. Real-Time PCR

1. Stratagene Core PCR buffer stored at �20°C until used.

2.3. DNA Extraction and PCR Amplification of Template

1. Sabouraud’s dextrose medium (SAB): 4% dextrose, 1% bactopeptone (pH 5.7)
stored at room temperature until used.

2. FastDNA® kit (Qbiogene, Inc., Carlsbad, CA).
3. FastPrep® instrument (Qbiogene).
4. PCR amplification mix contained 25 pmol of each of Af210F (GTCTCTCATTCG-

TCCTTGTCCT) and Af709R (CGTTGAGAATAAACTCGTTCCC) primer, 2.5 U
iTaq DNA polymerase (Bio-Rad Laboratories, Hercules, CA), 0.5 mM dNTPs, 50 mM
KCl, 4 mM MgCl2, 20 mM Tris–HCl (pH 8.4), and about 100 ng A. fumigatus
chromosomal DNA.

5. iCycler thermal cycler (Bio-Rad Laboratories).
6. The cycling conditions were 1 cycle of 3 min at 95°C, 35 cycles of 30 s at 95°C,

30 s at 55°C, 1 min at 72°C 1 cycle of 3 min at 72°C.
7. Montage PCR purification kit (Millipore, Bedford, MA).

3. Methods
3.1. DNA Extraction and PCR Amplification of Template

1. The sequence of A. fumigatus gene CYP51A (accession number AF338659) was used
for primer design for PCR amplification of a 500 nt product containing codon 54
to be used as a template for real-time PCR assay development.

2. A. fumigatus chromosomal DNA is isolated using the FastDNA® kit (Qbiogene, Inc.,
Carlsbad, CA). Cells grown 24 h in SAB are first homogenized for a 30-s interval
at 6000 m/s using a FastPrep® instrument (Qbiogene).

3. Amplification of a 500 bp fragment of cyp51A is performed on an iCycler thermal
cycler (Bio-Rad Laboratories). Each 100 �L PCR contain 25 pmol of each of Af210F
(GTCTCTCATTCGTCCTTGTCCT) and Af709R (CGTTGAGAATAAACTCGT-
TCCC) primer, 2.5 U iTaq DNA polymerase (Bio-Rad Laboratories), 0.5 mM dNTPs,
50 mM KCl, 4 mM MgCl2, 20 mM Tris–HCl (pH 8.4), and about 100 ng A. fumigatus
chromosomal DNA. The cycling conditions were 1 cycle of 3 min at 95°C, 35
cycles of 30 s at 95°C, 30 s at 55°C, 1 min at 72°C 1 cycle of 3 min at 72°C. PCR
products were purified using the Montage PCR purification kit (Millipore).

3.2. Design Considerations for Multiplexing Allele Discriminating
Molecular Beacons

1. Molecular beacons covering the locus of diversity corresponding to codon 54
of CYP51A were designed using Beacon Designer 2.12 software utilizing default
software parameters (see Note 1). The following sequence was designed for the
wild-type CYP51A codon 54 region including the six nucleotide complementary
molecular beacon stems; CGCGATCATCAGTTACGGGATTGATCCATCGCG
(codon 54 in bold).
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2. Analysis of the CYP51A region surrounding the Gly54 codon for secondary
structures was performed using Zuker DNA—RNA folding server (http://www.
bioinfo.rpi.edu/~zukerm/) (see Note 2).

3. PCR primers were designed with Beacon Designer, version 2.12, software and Oligo,
version 4.04, software and were purchased from Sigma-Genosys (Woodlands, TX).

4. A molecular beacon complementary to the test locus (wild-type allele) was synthesized
with a 21-nucleotide probe target sequence (hairpin loop) domain (CATCAGT-
TAC- GGGATTGATCC; codon 54 in bold) and a six-nucleotide stem domains
(CGCGAT) with the 5�-end labeled with FAM as the fluorophore and the six-
nucleotide 3�-end (ATCGCG) modified with a dabcyl quencher (see Note 3).

5. Molecular beacons designed with probe sequences recognizing mutant alleles were
otherwise identical to the wild-type beacon, and they were labeled with either HEX
alone (two color multiplex) or HEX, ROX, FAM, and Quasar 670 (four color
multiplex) at the 5�-end and with dabcyl at the 3�-end as described: http://www.
molecular-beacons.org/PA_protocol.html#cap2 (see Note 4).

6. Molecular beacons were purchased from Biosearch Technologies, Inc. as either
fully- or semi-purified products (see Steps 7 and 8), which were subjected to HPLC
purification for the latter.

7. Purification of fluorophore- and/or quencher-coupled oligonucleotides was
achieved by HPLC on a C-18 reverse-phase column (Waters), utilizing a linear
elution gradient of 20% to 70% acetonitrile in 0.1 M triethylammonium acetate
(pH 6.5), which was filtered and degassed and run for 25 min at a flow rate of 1
ml/min. The elution of nucleic acid peaks were monitored at 260 and 495 nm
(FAM), 535 nm (HEX), 575 nm (ROX), or 649 nm (Quasar 670), as described:
http://www.molecular-beacons.org/PA_protocol.html#cap2. The final product was
precipitated with ethanol at 2.5:1 (v/v) and 0.3 M sodium acetate, washed with 70%
ethanol, dried with a Vacufuge (Eppendorf) concentrator, and final resuspension in
DNA grade nuclease-free water.

3.3. Validating Molecular Beacons

1. Molecular beacon—target hybridization was investigated using the Stratagene
Mx4000 Multiplex Quantitative PCR System (Stratagene). The “Molecular Beacon
Melting Curve” option was chosen in the Mx4000 software for data monitoring
and analysis.

2. Each hybridization reaction mixture contained 1x Stratagene Core PCR buffer, 3 or
5 mM MgCl2, 100 pmol individual oligonucleotides, and 5 pmol molecular beacons.

3. The test reactions were subjected to heating at 95°C for 3 min and cooling to 80°C
with subsequent cooling down to 25°C using 112 30-s steps with a temperature
gradient �0.5°C. Fluorescence output was measured at the end of each step.

4. The final data of the “Molecular Beacon Melting Curve” experiment were converted
to a “SYBR Green (with Dissociation Curve)” output. The values for melting
temperatures (Tm) were calculated by Mx4000 software as a temperature points
corresponding to maximal values of the first derivative of the fluorescence output
(–Rn�(T)).
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5. Molecular beacon must show appropriate thermal behavior (Fig. 1). In the absence
of target, molecular beacons should show self-annealing of the stem sequence as
temperature decreases resulting in fluorescence quenching (see Note 5).

6. Hybridization with a perfect complementary target should show maximum fluores-
cence response at temperatures below predicted Tm (Fig. 1).

7. The efficiency for annealing to different targets varies depending on target nucleotide
content with experimentally derived Tm values as illustrated for each of the eight
beacon-target hybrids as shown in Table 1. In this case, the stability of intermolec-
ular hybrids of GGG-FAM molecular beacons and artificial oligonucleotide targets
decreased in the order of GGG > GTG > AGG > GAG > TGG > CGG > AAG >
GAA. Hybrids with double mismatches are expected to possess the lowest stability
(see Note 6).

8. The temperature interval between Tm of the most stable mismatched beacon—target
hybrid and Tm of the complement beacon—target hybrid represented the condition
allowing specific allele-discriminative binding of the molecular beacon or window of
discrimination. Accordingly, the window of discrimination for GGG-FAM molecular
beacon was within the temperature ranges of 61.7–65.2°C under conditions of
3 mM Mg2+ and 63.7–67.2°C at 5 mM Mg2+ (Table 1) (see Note 7). Under these
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Fig. 1. Molecular beacon CYP51A codon 54 melting curves. This summarizes the
results of nine separate experiments on hybridization of GGG-FAM (wild-type) molecu-
lar beacon with complement target GGG-T (�), seven mutant allele-specific targets
GTG-T (*), AGG-T (▼), GAG-T (▲), TGG-T (�), CGG-T (�), AAG-T (�), GAA-T (●),
and no-template control (×).
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conditions, all molecular beacons (mutant and wild type) could be run in a real-time
PCR experiment at the same annealing temperature of 61°C and showed excellent
discrimination against both wild-type and mutant alleles.

3.4. Multiplex Panels and Real-Time PCR

1. Once target-specific hybridization with complement DNA target was validated for
each beacon, the probes can be combined in a simple multiplex real-time PCR
format. The advantage of this format is that, in a single assay, mutant (resistant)
and wild-type (susceptible) strains can be easily distinguished. However, this format
cannot be used to identify specific mutations of Gly54 because each mutant beacon
was labeled with the same fluorophore (see Section 3.4.2.).

2. A single-reaction real-time PCR assay with eight different molecular beacons (one
wild-type beacon labeled with FAM and seven mutant beacons labeled with HEX)
and a 0.5-kb template corresponding to each cyp51A allele can be performed. In this
format, the fluorescence signal indicated the presence of either wild-type or mutant
sequences corresponding to itraconazole susceptibility or resistance, respectively.

3. To expand the applicability of the multiplex assay to distinguish separate alleles,
the molecular beacons were labeled with different fluorophores: FAM, HEX, ROX,
or the CY5 analog Q670 (Table 1). This configuration required two PCRs to assess
all seven mutations, since only four colors could be distinguished in a single reaction.
The first PCR mixture contained molecular beacons with high Tms against com-
plement DNA targets: GGG-FAM, GAG-HEX, GTG-Q670, and CGG-ROX. The
second PCR mixture contained molecular beacons with somewhat lower Tms:
AAG-FAM, AGG-HEX, GAA-Q670, and TGG-ROX. The system specificity was
further optimized by adjusting the Mg2+ concentration up to 3 mM for the first
reaction and to 5 mM for the second reaction. A uniform annealing temperature
of 57°C was used for both reactions.

4. The assay system was tested by adding individual 0.5-kb cyp51A templates to each
of two reaction mixtures. Under these conditions, specific hybridization with com-
plement cyp51A alleles was observed for all molecular beacons except the GGG-FAM
wild-type beacon, which exhibited some level of nonspecific hybridization with the
GTG allele. To avoid any possible false-positive results coming from nonspecific
hybridization of the wild-type GGG-FAM beacon, the threshold fluorescence level
was adjusted to values close to those obtained for complement beacon DNA
polymerase, 0.4 mM dNTPs, 3 or 5 mM MgCl2, and 100 ng chromosomal DNA.

5. PCRs were performed using the parameters, as follows: 1 cycle of 10 min at 95°C,
45 cycles of 30 s at 95°C, 30 s at 61°C and 30 s at 72°C. Annealing temperatures of
55°C and 57°C are used when PCR experiments are performed in multiplex format.
The filter gain set of the Mx4000 System is changed to FAM-940 HEX-720 CY5-
700 ROX- with the aim of equalization of the fluorescence signals from different
molecular beacons.

6. The fluorescence is measured during the annealing step. This multiplex format
allowed all seven specific cyp51A alleles bearing mutations in the Gly54 codon,
along with the wild-type allele, to be distinguished in a real-time assay.



7. Real-time PCR experiments were performed on a Stratagene Mx4000 Multiplex
Quantitative PCR System. The “Quantitative PCR (Multiple Standards)” setting
was used for all real-time PCR experiments. Reagents from Brilliant® QPCR Core
Reagent Kit were used for all reactions. Each 50-�l PCR contained 1x Stratagene
Core PCR buffer, 20 pmol molecular beacon, 25 pmol of each of the CYP51AS and
CYP51AA primers, 2.5 U Stratagene SureStart® Taq.

3.5. Data Processing

Fluorescence signals coming from Mx4000 System during PCR amplification
were monitored using Mx4000 software in real time. At the end of each run, the
amplification plots data were converted to graphic format and stored as image
files or exported into Microsoft Office Excel and stored as spreadsheet files. In
the case of multiplex beacons PCRs, the final results of PCR amplifications were
converted from “Quantitative PCR (Multiple Standards)” type of experiment
to the “Quantitative Plate Read” type of experiment.

4. Notes
1. Amplicons <100 bp are preferred for multiplex reactions.
2. Ideally, target regions should be devoid or have minimal secondary structure for

reliable probe—target hybridizations.
3. The stem length and GC content can be varied to influence the temperature at which

a molecular beacon will open upon hybridization with target.
4. Quasar 670 has spectral properties equivalent to Cy5 and ROX has spectral properties

equivalent to Texas Red.
5. The molecular beacons should be fully quenched at temperatures at or below the

probe-target hybrid Tm.
6. Codon GGG, corresponding to wild-type Gly54 target, occupied nucleotide positions

11—13 of the probe domain. However, allele discrimination can occur with any
nucleotide within the 21 nt probe domain (4,10).

7. The strength of probe—target hybrids can be manipulated by varying divalent
cation concentrations and provides an additional source for experimental window
discrimination.

References
1. Mackay, I. M. (2004) Real-time PCR in the microbiology laboratory. Clin. Microbiol.

Infect. 10, 190–212.
2. Piatek, A. S., Tyagi, S., Pol, A. C., et al. (1998) Molecular beacon sequence analysis

for detecting drug resistance in Mycobacterium tuberculosis. Nat. Biotechnol. 16,
359–363.

3. Kostrikis, L. G., Tyagi, S., Mhlanga, M. M., Ho, D. D., and Kramer, F. R. (1998)
Spectral genotyping of human alleles. Science 279, 1228–1229.

4. Balashov, S. V., Gardiner, R., Park, S., and Perlin, D. S. (2005) Rapid, high-
throughput, multiplex, real-time PCR for identification of mutations in the cyp51A

30 Perlin et al.



gene of Aspergillus fumigatus that confer resistance to itraconazole. J. Clin. Microbiol.
43, 214–222.

5. Bonnet, G., Tyagi, S., Libchaber, A., and Kramer, F. R. (1999) Thermodynamic basis
of the enhanced specificity of structured DNA probes. Proc. Natl Acad. Sci. USA.
96, 6171–6176.

6. Tyagi, S., Bratu, D. P., and Kramer, F. R. (1998) Multicolor molecular beacons for
allele discrimination. Nat. Biotechnol. 16, 49–53.

7. Marras, S. A., Kramer, F. R., and Tyagi, S. (1999) Multiplex detection of single-
nucleotide variations using molecular beacons. Genet Anal. 14, 151–156.

8. Marras, S. A., Kramer, F. R., and Tyagi, S. (2003) Genotyping SNPs with molecular
beacons. Methods Mol. Biol. 212, 111–128.

9. Nascimento, A. M., Goldman, G. H., Park, S., et al. (2003) Multiple resistance
mechanisms among Aspergillus fumigatus mutants with high-level resistance to
itraconazole. Antimicrob. Agents Chemother. 47, 1719–1726.

10. Diaz-Guerra, T. M., Mellado, E., Cuenca-Estrella, M., and Rodriguez-Tudela, J. L.
(2003) A point mutation in the 14alpha-sterol demethylase gene cyp51A contributes
to itraconazole resistance in Aspergillus fumigatus. Antimicrob. Agents Chemother.
47, 1120–1124.

Multiplex Detection of Mutations 31



<<
  /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 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




