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Abstract Current methods for determining and

dissecting the function of a specific protein within a

cell are laborious and limiting. We have developed a

method by which endogenous protein levels are

rapidly ablated and simultaneous expression of a

designed, inserted variant takes place in the native

setting. Through optimized electroporation, siRNA

oligonucleotides and codon-optimized coding

sequence containing vectors can be co-transfected,

leading to expression of ectopic mRNA not targeted

by siRNA. Using the commonly encountered MCF-7

breast cancer cell line, we were able to reach 90%

transfection efficiency. Under these conditions, siR-

NA oligonucleotides were transfected simultaneously

with a codon-optimized, cDNA containing vector

encoding the AHR protein. Thus, endogenous protein

was ablated while the designed protein was fully

expressed in the native environment. The codon-

optimized AHR was shown to be fully functional in

its ability to induce CYP1A1 transcription and to

rescue a B[a]P-susceptible phenotype.

Keywords Electroporation � Ectopic expression �
siRNA � Transfection � AHR � AH receptor �
MCF-7

Introduction

The analysis of protein function is of great utility in

understanding cellular responses and intrinsic activ-

ities. While numerous computational and experimen-

tal approaches exist to tease out the functional

domains of a protein, as well as the larger role that

a protein may play in a signaling pathway, there is a

lack of methods through which protein function can

truly be assessed within the native environment in a

variety of cell lines.

In order to analyze the effects of a protein in its

cellular environment, two basic approaches are

available. One approach would be to introduce

protein constructs into null cells, while the other

approach involves ablation of a specific protein from

cells in which it is normally present. Both methods

have their disadvantages in terms of the environment

being analyzed and the techniques utilized. Tradi-

tionally, the first approach used to assess the role that

a given protein exhibits in a cellular pathway utilizes

either a cell type that does not express that protein, or

cells derived from a null mouse. Examining protein

function within the context of human cells is even
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more difficult, considering that null cell types are not

available. Protein expression is usually achieved in

these null cells through the generation of a cell line

with a stably integrated plasmid or through the use of

high efficiency viral delivery systems. Often, expres-

sion of mutant forms of the protein of interest is used

to dissect its function. Each system has its disadvan-

tages, including perturbation of normal cellular

pathways, not to mention the time and safety issues

associated with creating a stable cell line and working

with viral systems. In some cell lines (e.g. COS 1),

highly efficient expression can be transiently obtained

using chemical transfection reagents. However, these

reagents have unknown effects on cells through

changes in plasma membrane integrity and function,

induction of Ca2? mediated signaling, and can be

toxic. The second approach commonly used to study

protein function is to ablate expression of a specific

protein through the use of siRNA or shRNA vector or

viral delivery systems, allowing for the examination

of appropriate endpoints in the absence of the protein

of interest. This approach suffers from some of the

same limitations as those described above. An ideal

approach would combine the methods of creating a

null protein environment and expression of a protein

construct, and would be applicable to a wide range of

cells. This approach would also allow the dissection

of protein function through the ablation of endoge-

nous protein expression and the simultaneous expres-

sion of various mutants.

An ideal approach would combine the methods of

creating a null protein environment and expression of

a protein construct in the absence of chemical

transfection reagents, and would be applicable to a

wide range of cells. One answer to this problem was

in part addressed by the method of Wu et al. (2006),

in which native proteins are ablated via siRNA and

constructs are simultaneously expressed that escape

siRNA-mediated turnover. However, the use of

chemical transfection limits the cell types available

for study due to sub-optimal efficiency in most lines.

Another issue with their results is the fact that,

without near total ablation of endogenous protein, the

inserted construct is not the only source to contribute

to the functional endpoints analyzed.

Our laboratory is engaged in research that centers

on the aryl hydrocarbon receptor (AHR); a cytosolic

protein that binds ligands and acts as a transcription

factor via DNA binding. The AHR exhibits diverse

cellular activities, the most studied of which concerns

its ability to regulate a number of genes involved in

xenobiotic metabolism (Beischlag et al. 2008). More

recently, the AHR has been shown to regulate certain

aspects of inflammatory signaling such as T cell

differentiation, acute phase response and IL6 expres-

sion in tumor cells (Veldhoen et al. 2009; Patel et al.

2009; Hollingshead et al. 2008). Some of these

effects are seen to occur at different levels across cell

types. Therefore, a full understanding of the multiple

pathways and activities of the AHR would require the

ability to study various mutant versions of the

receptor in the native environment across different

cell types. We have designed a protocol that allows

for rapid and efficient expression of an ectopic

protein in place of endogenous protein in the native

environment, without the use of chemical transfection

agents or viral constructs that can obscure results.

Materials and methods

Cell culture

MCF-7 breast tumor cells were maintained at 37�C,

5% CO2 in a high glucose DMEM (Sigma), supple-

mented with 7% fetal bovine serum (FBS; Hyclone

Labs.), 1,000 units/mL penicillin, and 0.1 mg/mL

streptomycin (Sigma).

Transfection

Cells were transfected via electroporation using

Amaxa’s nucleofector II system, essentially as per

manufacturer protocol. Briefly, cells were washed

and suspended at a concentration of 2.0 9 106 cells

per 100 lL of room temperature electroporation

solution (272 mM sucrose, 1 mM MgCl2 in PBS,

sterile-filtered). siRNA oligonucleotides were added

at a final concentration of 1.5 lM and DNA vector

was added at a final concentration of 10 lg/mL.

Suspension was then pipetted into a reaction cuvette

and electroporated using the manufacturer’s MCF-7

High Efficiency protocol. Room temperature medium

was immediately added to cuvette following electro-

poration and cells were subsequently plated into six-

well dishes of complete medium.
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siRNA and vectors

Electroporation of green fluorescent protein vector

was carried out using the pmax GFP from Amaxa.

AHR protein levels were decreased using the Dharm-

acon small interfering RNA (siRNA) [J004990-07],

Dharmacon off target siRNA [D001210-02] was used

for control electroporation. The vector pcDNA3 was

used without change as the control vector, or was

digested and ligated with a synthetic codon-optimized

AHR sequence produced by GenScript. Homology

analysis of the relevant endogenous hAHR cDNA and

synthetic codon-optimized hAHR cDNA sequences,

as well as the siRNA targeting oligonucleotide is

shown below

Endogenous hAHR cDNA GCACGAGAGGCTCAGGTTA

Bases 947: 965

Synthetic codon-optimized

hAHR cDNA

GCACACGGGGCAGCGGCTA

Bases 947: 965

hAHR targeting siRNA GCACGAGAGGCUCAGGUUA

Cell imaging

Cells were imaged on a Nikon Eclipse TE300

inverted epi-fluorescence microscope, using a Nikon

mercury arc lamp and filter set for fluorescence.

Images were taken using a Roper Scientific CoolSnap

ES CCD camera system and collected using the

MetaVue software package. All images shown are at

a 109 objective.

Immunoblotting

Whole-cell extracts were prepared by lysing cells in

19 radioimmunoprecipitation assay buffer [RIPA;

10 mmol/L Tris–HCl (pH 8.0), 1 mmol/L EDTA,

0.5 mmol/L EGTA, 140 mmol/L NaCl, 1% Triton

X-100, 0.1% Na-deoxycholate, 0.1% SDS] supple-

mented with 1% NP40, 300 mM NaCl, and protease

inhibitor cocktail (Sigma). Homogenates were centri-

fuged at 21,0009g for 30 min at 4�C, and the soluble

fraction was collected as whole-cell extract. Protein

concentrations were determined using the detergent

compatible Bio-Rad DC protein assay kit (Bio-Rad).

Protein samples were resolved by Tricine SDS–

PAGE and transferred to membrane. Immunoblotting

was performed using antibodies directed against

AHR and p23 (provided by Dr. David Toft, Mayo

Clinic). Proteins were visualized using biotin-conju-

gated secondary antibodies (Jackson Immunore-

search) in conjunction with I125 streptavidin.

Gene expression

MCF-7 cells were serum-starved 18 h before exper-

imentation. Treatment of cells was performed by

diluting 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)

to 1 nM in serum-free medium supplemented with

5 mg/mL bovine serum albumin (BSA) or adding an

equivalent volume of DMSO for control treatment.

Cells were treated for 2 h, washed, and total RNA

was extracted using TRI reagent (Sigma) as specified

by the manufacturer. The ABI high-capacity cDNA

archive kit (Applied Biosystems) was used to prepare

cDNA from isolated RNA. Measurements of mRNA

expression for all samples were performed by quan-

titative real-time PCR using the Quanta PerfeCTa

SYBR Green Supermix kit on an iCycler DNA

engine equipped with the MyiQ single color real-time

PCR detection system (Bio-Rad). Expressed quanti-

ties of mRNA were normalized to GAPDH levels and

plotted using GraphPad Prism 4.00 (GraphPad Soft-

ware). Data are plotted as mean values of triplicate

biological samples, and error bars represent the SDs.

Benzo[a]pyrene (B[a]P) toxicity assay

MCF-7 cells were washed, counted, transfected, and

plated at 30% confluency in six-well dishes of

complete medium for 24 h. Cells were then washed

and medium was changed to serum-free medium

supplemented with 5 mg/mL BSA and containing

DMSO (control), or 10 lM B[a]P. Images were taken

at the time of media change (Time 0) and 96 h later.

Quantification represents cell counts across 4 samples

of field of view and biological replicates.

Results and discussion

We began by optimizing transfection rates for MCF-7

cells using the Amaxa nucleofector electroporation

device to obtain roughly 90% transfection efficiency
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(Fig. 1). Obtaining greater than 90% efficiency in a

cell type requires optimization of variables such as

cell density, ionic levels in electroporation solution,

DNA/siRNA concentration, and electric field gener-

ation (Jordan et al. 2008; Klenchin et al. 1991;

Sukharev et al. 1992). Optimization of transfection

efficiency must be balanced with cell viability

following electroporation, a factor that is also cell

type-specific. Electroporation of MCF-7 cells under

our conditions results in roughly 50% cell viability,

which is not uncommon for electroporation (Kang

et al. 2009). Near complete efficiency usually leads to

low viability, which is easily overcome with the use

of an appropriate number of cells.

Upon realizing highly efficient transfection in the

MCF-7 cell line, dual transfections were performed

with siRNA oligonucleotides and codon-optimized

cDNA-containing vectors. While siRNA oligonucle-

otides target mRNA and reduce endogenous protein

levels, simultaneous transcription of a promoter-

containing vector with a codon optimized coding

sequence expressing an mRNA transcript that is not

targeted by the same siRNA occurs (Fig. 2a). Codon-

optimized cDNA sequences can be commercially

synthesized by a company such as GenScript, or site-

directed mutagenesis can be carried out to codon

optimize the stretch of cDNA targeted by the siRNA.

Both methods allow for further subsequent alteration

to create mutant proteins. We transfected MCF-7

cells with a control siRNA, an AHR targeted siRNA,

a targeted siRNA and control vector, or a targeted

siRNA and a vector containing a codon-optimized

cDNA that encodes wild-type human AHR. The high

efficiency of electroporation with the targeted siRNA

led to a near complete ablation of endogenous protein

levels 48 h after transfection, and the co-transfection

with the control vector showed minimal change in

protein knockdown. Therefore, the AHR protein

shown following co-transfection has originated from

the introduced vector (Fig. 2b). Due to the increased

efficiency of transcription with respect to the codon-

optimized vector, AHR protein levels are higher

following transfection as compared to endogenous

protein levels.

AHR activity greatly increases transcription of the

cytochrome P450 1A1 (CYP1A1) gene (Dong et al.

1996; Whitlock 1999). Following co-transfection,

cells were treated with the AHR ligand TCDD for

2 h, after which RNA was isolated and subjected to

quantitative RT-PCR to determine CYP1A1 mRNA

levels. In accordance with AHR protein levels, ligand

treatment led to CYP1A1 induction in control

Fig. 1 Optimized electroporation allows for high rates of

vector transfection. MCF-7 cells were electroporated with a

GFP vector using the described protocol. a Brightfield image of

cells 48 h post-transfection. b Fluorescence image of GFP

expressing cells 48 h post-transfection. c Overlay of figures (a)

and (b) shows a high rate of transfection of the vector
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transfection cells, while AHR knockdown with or

without the control vector ablated this activity. Co-

transfection with the AHR expressing vector regained

CYP1A1 induction at higher levels, in parallel with

the higher protein expression (Fig. 3a). Greater AHR

protein expression following transfection leads to a

slight increase in basal CYP1A1 transcription as well

as an increase in transcription following exposure to a

non-saturating dose of TCDD. We have additionally

used this method to co-transfect MCF-7 cells with an

altered, codon-optimized cDNA vector that encodes

an AHR DNA-binding mutant, which showed the

expected outcome when it failed to significantly

induce CYP1A1 activity (data not shown).

Long-term exposure to AHR ligands including

benzo-a-pyrene (B[a]P) has been shown to lead to

cell death through AHR-mediated B[a]P metabolism

to reactive intermediates (Park et al. 1996; Hankinson

1979). To utilize this concept in our system, MCF-7

cells were transfected with control siRNA, AHR

targeted siRNA, or co-transfected with an AHR

Fig. 2 Simultaneous ablation of endogenous protein and

expression of designed ectopic protein. a Cells are suspended

with a protein-targeting siRNA oligonucleotide and a codon-

optimized DNA-containing vector, electroporated, and plated.

In 24 to 48 h, the siRNA ablates endogenous protein, while the

vector is transcribed to an mRNA which encodes the same

protein but is not targeted by the siRNA. b MCF-7 cells were

electroporated as indicated in figure key. Western blot showing

AHR protein levels and the hsp90 cochaperone p23 was used

as a loading control 48 h after transfection. Vector C is the

control vector pcDNA3

Fig. 3 Co-transfection of siRNA and codon-optimized cDNA-

containing vector restores wild-type target gene expression and

cellular sensitivity to B[a]P exposure. MCF-7 cells were

electroporated as indicated in figure key. a Quantitative real-

time PCR of transfected cells for CYP1A1 mRNA, normalized

to GAPDH mRNA. b Inverted microscope images showing

MCF-7 viability following B[a]P exposure. c Quantification of

cell viability following 96 h exposure to control or B[a]P-

containing media. Cell counts are normalized to the average of

cells plated at t 0
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siRNA and the codon-optimized cDNA-containing

vector. Transfected cells were then plated in either

control media or media containing 10 lM B[a]P for

96 h. Cells were imaged at a 0 time point when treated

medium was added, and following 96 h of culture

time. Long-term B[a]P treatment led to a drastic

reduction in the number of viable control transfection

cells, while AHR knockdown cells were able to

remain viable and proliferate in the presence of B[a]P.

Introduction of the codon-optimized AHR vector

rescued the phenotype of control cells; namely,

vulnerability to long-term B[a]P exposure (Fig. 3b, c).

This method for rapid, transient expression of wild-

type or mutant proteins in their native environment

can potentially be used in any cell line following

transfection optimization. In creating this protocol, we

aimed to expand the abilities of researchers to study

protein interactions and pathways with much less

effort. A rapid method of transient expression of

ectopic proteins can be indispensable in examining

protein function through mutated proteins, under/

overexpression of proteins, etc. Upon optimization of

electroporation methods for a specific cell type,

simple co-transfection with a targeted siRNA oligo-

nucleotide and a codon-optimized DNA-containing

vector can allow for transient expression of a mutant

protein in its native environment within 24 to 48 h.
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Wu W, Hodges E, Höög C (2006) Thorough validation of

siRNA-induced cell death phenotypes defines new anti-

apoptotic protein. Nucleic Acids Res 34:e13. doi:

10.1093/nar/gnj015

100 Cytotechnology (2010) 62:95–100

123

http://dx.doi.org/10.1158/0008-5472.CAN-07-6168
http://dx.doi.org/10.1016/j.ab.2008.12.021
http://dx.doi.org/10.1016/S0006-3495(91)82115-4
http://dx.doi.org/10.1016/S0006-3495(91)82115-4
http://dx.doi.org/10.1038/labinvest.2009.24
http://dx.doi.org/10.1038/labinvest.2009.24
http://dx.doi.org/10.1016/S0006-3495(92)81709-5
http://dx.doi.org/10.1084/jem.20081438
http://dx.doi.org/10.1084/jem.20081438
http://dx.doi.org/10.1146/annurev.pharmtox.39.1.103
http://dx.doi.org/10.1146/annurev.pharmtox.39.1.103
http://dx.doi.org/10.1093/nar/gnj015

	Protein function analysis: rapid, cell-based siRNA-mediated ablation of endogenous expression with simultaneous ectopic replacement
	Abstract
	Introduction
	Materials and methods
	Cell culture
	Transfection
	siRNA and vectors
	Cell imaging
	Immunoblotting
	Gene expression
	Benzo[a]pyrene (B[a]P) toxicity assay

	Results and discussion
	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


