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Dynamic Detection of Active Cancer Biomarker Enzymes
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Abstract— Real-time in situ detection of protease enzymes is
crucial for early-stage cancer screening and cell signaling
pathway study; however it is difficult to be realized using
fluorescence or radioactive probes. Here we devise a hybrid
optical probe by incorporating nanocrescent particle and
peptides with artificial tag molecules. The peptides have high
specificity to PSA, one of the most prominent prostate cancer
markers, and a serine protease present in patients’ seminal fluid
and serum. The extrinsic Raman spectral signal from the tag
molecules is enhanced by the nanocrescent and the signal is
monitored as the indicator for the peptide digestion in
nanomolar PSA concentration and femtoliter reaction volume.
Sensitive detection of cancer-related serine protease activity of
PSA proteins in low concentrations and small volumes of
biofluid is critical to early cancer diagnosis, clinical staging, and
therapy. The high reaction specificity of the peptide and the
monitored extrinsic Raman signal also minimizes the false
detection of other serine proteases and intrinsic Raman signal,
which results in a high-fidelity and high-signal-to-noise-ratio
cancer nanoprobe. Peptide-conjugated nanocrescents should
also be applicable for measuring the intercellular and
intracellular activity of other cancer-related proteases and
protease activity profiling-enabled cancer cell identification.

1. INTRODUCTION

Prostate cancer incidence and mortality rates vary
worldwide. It is the most common cancer in men in
Europe and North America '~. In the United States, prostate
cancer is the second-leading cause of cancer death for men.
One of the clinical diagnosis tools for prostate cancer is the
measurement of plasma protein concentration of the
prostate-specific antigen (PSA or hK3). PSA is a member of
the large kallikrein (hK) protease family, which is normally
secreted from prostate luminal epithelial cells. PSA activity
is important in initiating the spermatozoa forward motility. In
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prostate cancer, PSA, and perhaps, other members of the hK
family proteases, are involved in tissue remodeling aided by
the proteolytic activities against the extracellular matrix,
contributing critical control mechanisms to tumor invasion or
progression.

The introduction of plasma PSA screening since the 1980s
has greatly improved the diagnosis, staging, and management
of prostate cancer *; however, many problems exist with this
method. Measurement of plasma PSA concentration does not
differentiate the prostate cancer patients from those with
benign prostatic hyperplasia, leading to a high false positive
rate, requirement for more expensive biopsies, and even
unnecessary surgical procedures *°. Efforts to enhance the
clinical value of the PSA for early detection of prostate cancer
have included the characterization of various molecular
variants of PSA, since PSA in prostate cancer exists in
various isoforms and proteolytic activity ©*.  Among those
various isoforms, the proteolytically active subpopulation of
PSA is a more useful tumor marker than the serum PSA
concentration and is a better predictor for prostate cancer
malignancy > '°. Simple detection of the presence of PSA by
a traditional immunostaining method can not reveal the
proteolytic activity of the PSA; therefore, it is of great
importance to develop new methods to discriminate the
different PSA isoforms, especially the proteolytically active
form. However, an assay that measures the proteolytic
activity of PSA in seminal fluid is still not widely accepted,
due to the quick decay of the proteolytic activity, the limited
amount of seminal fluid available from old patients, and the
difficulty in obtaining accurate results.

The sensitivity of current detection methods is limited to
nanomolar concentrations, and relatively large sample
volume (milliliter) is required. Here we introduce a new
optical spectroscopic detection method for PSA proteolytic
activity based on a peptide-conjugated crescent nanoparticle,
which can be used on minute sample volumes (femtoliters),
integrated into microfluidics, and multiplexed as high density
nanoarrays or microarrays (with sub-microliter volume). The
nanocrescent can serve as an individual surface enhanced
Raman scattering (SERS) substrate °, and after conjugation
with a peptide specifically designed for PSA >'*'> ' it can
be used to optically monitor PSA proteolytic reactions.
Raman is a sensitive spectroscopic detection method for
probing biochemical composition with abundant atomic level
information without fluorophore labeling '°. Various SERS
substrates have been developed to enhance the weak Raman
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scattering signals in chemical and biomolecule detections on
the substrate surface over several orders of magnitude " '*2',
The nanoscale dimension and the high local electromagnetic
field enhancement of our nanocrescent SERS substrate enable
a high-sensitivity optical detection of biomolecular reactions
on its surface.
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Figure 1. Peptide-conjugated nanocrescent for PSA detection. (a)
Fabrication procedure. The nanoscale Au layer is evaporated on polystyrene
nanoparticles to form the Au nanocrescent as shown in the TEM image.
Peptides are synthesized with the specific PSA substrate sequence HSSKLQ
and are terminated by a Raman tag molecule, biotin or R19 (not shown),
respectively, and cysteine for both versions of tagged peptides. The peptides
are conjugated to the Au surface of the nanocrescents through an Au-S bond.
(b) PSA detection scheme. Before the proteolysis reaction, the SERS
spectrum of the peptide-conjugated nanocrescent contains the characteristic
peaks from the Raman tag molecules, polystyrene nanoparticle, and the
peptides; after the digestion reaction by PSA, the peptide is cleaved between
L and Q. The cleavage fragment containing the Raman tag molecules
diffuses away from the nanocrescent surface, while the other fragment
remains on the nanocrescent surface. The SERS spectrum of the peptide
becomes different and the characteristic peaks from the Raman tag molecule
disappear.

II. METHODS AND MATERIALS

Nanocrescents consist of a 100 nm polystyrene core and a
10~20 nm gold crescent shell. Fig. 1a shows the schematics
and transmission electron micrograph of the nanocrescent.
The nanocrescents are fabricated by angled Au deposition on
the rotating polystyrene nanoparticle template . The
fabrication details were described previously °. In this paper,
the polystyrene nanoparticle core is not removed and it serves
as the internal control in the SERS detections. We then tether
a specially designed peptide on the surface of the Au

nanocrescent.  The peptides contain the sequence of
HSSKLQ which has been shown to have very high specificity
to PSA **. A cysteine group at the carboxyl terminus of the
peptide is used to attach the peptide to the Au surface, relying
on the Au-thiol reaction to form a covalent bond. At the
amino terminus of the peptide, Raman active molecules such
as biotin (shown in fig. 1la) or Rhodamine 19 (R19) (not
shown in the schematics) are grafted through a short
polyethyleneglycol or aminovaleric acid linker.  The
detection scheme is shown in Fig. 1b. The SERS spectra of
the artificial peptides change after digestion by PSA, and the
characteristic SERS peaks of the molecular moieties with the
biotin or R19 tags disappear due to the diffusive dislocation
of the tag molecules from the nanocrescent surface into the
solution after peptide digestion; therefore the existence and
concentration of the proteolytically active PSA in solution
can be probed by monitoring the SERS spectra of the
peptide-conjugated nanocrescents. The Raman scattering
signal of the peptide change is amplified by the nanocrescent.
Our numerical simulation indicates the amplitude of the local
electric field can be enhanced by close to 20 dB (100 fold)
especially around the sharp edge. Due to the fourth power
relation between the electric field amplitude and the Raman
enhancement factor, the peptide Raman signal could be
amplified 10® times by the nanocrescent.

The peptide-conjugated nanocrescents are incubated with
PSA molecules in a closed transparent microchamber to
minimize evaporation. The transparent microchamber is
mounted on a 37 °C thermal plate on an inverted Raman
microscope with darkfield illumination for nanoparticle
visualization. ~0.8 mW excitation laser spot is focused on
single nanocrescents and the Raman scattering light is
collected by the same objective lens.

III. RESULTS

The typical SERS spectra of the peptide-conjugated
nanocrescents with biotin and R19 Raman tag molecules are
shown in fig. 2a and 2b, respectively. By comparing the
SERS spectra before and 2 hours after the peptide digestion
experiments, the Raman peaks from polystyrene core, e.g.
1003 cm™, remains constant, which serves as an internal
control signal as the indication of stably focused laser
excitation. Some Raman peaks are from the partial amino
acid chain remaining on the nanocrescent surface after
digestion and they still appear in the spectra, although the
peak positions have slight changes and the peak intensities
decrease due to possible conformational changes upon
peptide cleavage. Those peaks from the Raman tag
molecules, such as 525 cm™ from biotin in fig. 2a and 1183
ecm™ from R19 in fig. 2b, almost completely disappear after
the digestion reaction is finished.

The digestion reaction dynamics can be monitored by
time-resolved SERS spectra acquisitions. Because ~100
peptides are conjugated on each nanocrescent on average, the
disappearance of the characteristic Raman peaks from the tag
molecules is not abrupt. Since most of enhanced field
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concentrated around the tip area which accounts for ~1/6 of
total area of the nanocrescent, the actual molecule number
contributing to the Raman scattering signal is less than 20. As
shown in the time-lapse SERS spectra in Fig. 2a, the digestion
of all of the peptides on each nanocrescent, as monitored by
the disappearance of the biotin peak at 525 cm™, takes ~30
min at a PSA concentration of 420 nM. For the peptide with
R19 as the Raman tag molecule, the disappearance of the R19
peak at 1183 cm™ can be also observed after digestion by 420
nM PSA (Fig. 2b).
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Figure 2. Typical SERS spectra of peptide-conjugated nanocrescents before
and after PSA digestion reactions with (a) biotin and (b) R19 as the Raman
tag molecules respectively.

In order to specifically inhibit the PSA-mediated
proteolysis of the conjugated peptides, PSA inhibitors were
introduced prior to the addition of 420 nM PSA. We also
tested the specificity of the conjugated peptides to PSA using
other serine proteases such as Granzyme B, which serves as a
negative control here.  Fig. 3c and 3d show the time-lapse
SERS spectra of nanocrescents with R19 tag molecules in the
above two control experiments with the PSA inhibitor and the
serine protease Granzyme B, which has orthogonal substrate
specificity to PSA, respectively. The peptide digestion by
PSA is more than 90% suppressed after the addition of
inhibitors given the same experimental conditions. In the
control experiment of peptide digestion by 420 nM Granzyme
B, the reaction rate showed no statistically significant

difference from the inhibitor-treated reaction.
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Figure 3. Time-resolved SERS spectra in PSA digestion reactions. (a)
SERS spectra in the peptide digestion by 420 nM PSA with biotin as the
Raman tag molecule. (b) SERS spectra in the peptide digestion by 420 nM
PSA with R19 as the Raman tag molecule. (¢) SERS spectra in the peptide
digestion by 420 nM PSA in the presence of inhibitor with R19 as the Raman
tag molecule. (d) SERS spectra in the peptide digestion by 420 nM
Granzyme B with R19 as the Raman tag molecule.

The digestion rate is related to the PSA concentration and
we found the minimal PSA concentration detectable in 30
min is around 1 nanomolar (with ~50% reduction in biotin
signal intensity, data not shown). Since at most 100 peptide
molecules are attached per nanocrescent, it is likely that the
nanocrescent surface with the highest SERS signal is not fully
taken advantage of, and only a small percentage of the
peptides are attached to the region that provides the greatest
enhancement in electromagnetic field. Fig. 4a shows the
intensities of the biotin Raman peak at 525 cm™ as a function
of PSA digestion time for the PSA concentration of 0 M
(buffer solution), 4.2 nM, 42 nM and 420 nM. Fig. 4b shows
the time-lapse intensities of the R19 Raman peak at 1183 cm™'
in the digestion reaction with 420 nM PSA, 420 nM PSA with
inhibitor, and 420 nM Granzyme B, respectively. All the
peak intensity values are normalized to the internal control
peak at 1003 cm™' and the initial peak intensity at 525 or 1183
ecm™. The results indicate that the peptides are efficiently and
specifically cleaved by PSA even after the conjugation with
Au nanocrescents; therefore this peptide-conjugated
nanocrescent can be used as a specific screening tool to
provide information on the concentration and activity of the
cancer biomarker PSA.

IV. CONCLUSION

In conclusion, we have demonstrated the in vitro PSA
detection using single peptide-conjugate nanocrescent SERS
probes with nanomolar sensitivity. Compared to other cancer
biomarker detection assays, our bioconjugated nanocrescent
allows the detection of nanomolar concentrations of
proteolytically active PSA molecules in femtoliter volumes,
which is crucial especially for cancer screening at a single
cancer cell level. In semen, the PSA concentration is
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10-150M, with approximately two thirds of the PSA
enzymatically active '*. The sensitivity level achieved with
the nanocrescent PSA probe (nanomolar range) is sufficient
for a seminal fluid based assay, thus the nanocrescent SERS
platform here could have potential clinical applications. We
envision that, with additional spacer synthesized in between
the substrate peptide sequence HSSKLQ and the Cys residue,
we can improve the presentation of PSA substrate peptide
HSSKLQ on the surface, and increase the detection
sensitivity consequently. The real-time reaction monitoring
also provides abundant information on the PSA activities, not
only the presence of the protein. Two different Raman tag
molecules are successfully utilized here indicating the
potential of multiplexing the  peptide-conjugated
nanocrescents to detect two or more types of cancer-related
proteases. Additional spatial multiplexing in a microarray or
nanoarray format is under investigation in our laboratories.
In addition, the fabrication scheme of the nanocrescent
permits the creation of magnetically or laser maneuverable
SERS nanoprobes for biosensing at desired locations *,
which would be useful for obtaining in situ measurements
intracellularly.
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Figure 4. Time-dependent Raman peak intensities in PSA digestion
reactions. (a) Raman peak intensities of biotin at 525 cm-1 in the digestion
reactions with 0 M (buffer solution), 4.2 nM, 42 nM and 420 nM PSA,
respectively. (b) Raman peak intensities of R19 at 1183 cm™ in the digestion
reactions with 420 nM PSA, 420 nM PSA with inhibitor, and 420 nM
Granzyme B, respectively.

ACKNOWLEDGMENT

The authors appreciate the help from Dr. Y. Yin and Prof. A.

P. Alivisatos on TEM imaging. We thank Ms. Lonnette
Robinson for excellent administrative support. Prof. Marc
Shuman and Prof. Song Li for support.

REFERENCES

E.D. Crawford, "Epidemiology of prostate cancer," Urology 62,2003,
pp. 3-12.

H. Gronberg, "Prostate cancer epidemiology," Lancet 361, 2003, pp.
859-864.

K. J. Pienta, J. A. Goodson, and P. S. Esper, "Epidemiology of prostate
cancer: molecular and environmental clues," Urology 48, 1996, pp.
676-683.

S. R. Denmeade and J. T. Isaacs, "A history of prostate cancer
treatment," Nat Rev Cancer 2, 2002, pp. 389-396.

798

[12

—

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

S. R. Denmeade and J. T. Isaacs, "The role of prostate-specific antigen
in the clinical evaluation of prostatic disease," BJU Int 93 Suppl 1,
2004, pp. 10-15.

S. D. Mikolajezyk et al, "Proenzyme forms of prostate-specific antigen
in serum improve the detection of prostate cancer," Clin Chem 50,
2004, pp. 1017-1025.

S. D. Mikolajczyk, and H. G. Rittenhouse, "Pro PSA: a more cancer
specific form of prostate specific antigen for the early detection of
prostate cancer," Keio J Med 52, 86-91 (2003).

S. D. Mikolajezyk, Y. Song, J. R.-Wong, R. S. Matson, and H. G.
Rittenhouse, "Are multiple markers the future of prostate cancer
diagnostics?" Clin Biochem 37,519-528 (2004).

P. Wu, U. H. Stenman, M. Pakkala, A. Narvanen, and J. Leinonen,
"Separation of enzymatically active and inactive prostate-specific
antigen (PSA) by peptide affinity chromatography," Prostate 58,
345-353 (2004).

P. Wu, L. Zhu, U. H. Stenman, and J. Leinonen,
"Immunopeptidometric assay for enzymatically active prostate-specific
antigen," Clin Chem 50, 125-129 (2004).

M. Brillard-Bourdet et al, "Amidolytic activity of prostatic acid
phosphatase on human semenogelins and semenogelin-derived
synthetic substrates," Eur J Biochem 269, 390-395 (2002).

S. Rehault et al, "Design of new and sensitive fluorogenic substrates for
human kallikrein hK3 (prostate-specific antigen) derived from
semenogelin sequences," Biochim Biophys Acta 1596, 55-62 (2002).
Y. Lu, G. L. Liu, J. Kim, Y. X. Megjia, and L. P. Lee, "Nanophotonic
crescent moon structures with sharp edge for ultrasensitive
biomolecular detection by local electromagnetic field enhancement
effect," Nano Lett 5, 119-124 (2005).

J. Malm, J. Hellman, P. Hogg, and H. Lilja, "Enzymatic action of
prostate-specific antigen (PSA or hK3): substrate specificity and
regulation by Zn(2+), a tight-binding inhibitor," Prostate 45, 132-139
(2000).

C. V. Raman, "A change of wave-length in light scattering," Nature
121, 619-619 (1928).

Y. Lu, G. L. Liu, and L. P. Lee, "High-density silver nanoparticle film
with temperature-controllable interparticle spacing for a tunable
surface enhanced Raman scattering substrate," Nano Lett 5, 5-9 (2005).
A.J. Haes, L. Chang, W. L. Klein, and R. P. Van Duyne, "Detection of
a biomarker for Alzheimer's disease from synthetic and clinical
samples using a nanoscale optical biosensor," J Am Chem Soc 127,
2264-2271 (2005).

J. B. Jackson, and N. J. Halas, "Surface-enhanced Raman scattering on
tunable plasmonic nanoparticle substrates," P Nat/ Acad Sci US4 101,
17930-17935 (2004).

S. Nie, and S. R. Emory, "Probing Single Molecules and Single
Nanoparticles by Surface-Enhanced Raman Scattering," Science 275,
1102-1106 (1997).

G.L. Liu,and L. P. Lee, "Nanowell surface enhanced Raman scattering
arrays fabricated by soft-lithography for lable-free biomolecular
detections in integrated microfluidics," Appl. Phys. Lett. 87, 074101
(2005).

V.-D. Tuan, L. R. Allain, and D. L. Stokes, "Cancer gene detection
using surface-enhanced Raman scattering (SERS)," J. Raman Spec. 33,
511-516 (2002)

S. R. Denmeade et al, "Specific and efficient peptide substrates for
assaying the proteolytic activity of prostate-specific antigen," Cancer
Res 57,4924-4930 (1997).

G. L. Liu, Y. Lu, J. Kim, J. C. Doll, and L. P. Lee, "Magnetic
Nanocrescents as Controllable Surface Enhanced Raman Scattering
Nanoprobes for Biomolecular Imaging," Adv. Mater. (in press).



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <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 (Use these settings to create Adobe PDF documents suitable for export to IEEE PDF eXpress. May 2005. PaperCept.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


