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I. Introduction to Western Blotting
Western blotting is used to positively identify a protein from a complex mixture.  It was first introduced by 
Towbin, et al. in 1979 as a simple method of electrophoretic blotting of proteins to nitrocellulose sheets.
Since then, Western blotting methods for immobilizing proteins onto a membrane have become a common
laboratory technique.  Although many alterations to the original protocol have also been made, the general
premise still exists.  Macromolecules are separated using gel electrophoresis and transferred to a membrane,
typically nitrocellulose or polyvinylidene fluoride (PVDF).  The membrane is blocked to prevent non-specific
binding of antibodies and probed with some form of detection antibody or conjugate. 

Infrared fluorescence detection on the Odyssey® Imaging System provides a quantitative two-color detection
method for Western Blots.  This document will discuss some of the factors that may alter the performance of a 
near-infrared (IR) Western blot, resulting in “good Westerns, gone bad.”  

II.  Factors That Alter the Performance of a Western Blot

A.  Membrane
A low background membrane is essential for IR Western blot success.  Background can be attributed to mem-
brane autofluorescence or to detection of antibody non-specifically binding to the membrane.  Polyvinylidene
fluoride (PVDF) and nitrocellulose are typically used for Western blotting applications.  There are many brands
and vendors for both types of membrane.  Before any Western blot is performed on an Odyssey System, the
membrane of choice should be imaged “out of the box” on an Odyssey System to determine the level of auto-
fluorescence.  LI-COR has evaluated many different membranes for Western blotting and examples of mem-
brane performance can be seen in Figure 1.  There is typically more variability in PVDF performance than
nitrocellulose.

NOTE: Not all sources of PVDF and nitrocellulose have been evaluated by LI-COR; therefore, it is important 
to evaluate the membrane before use.  Membranes can be quickly evaluated by imaging them both wet and 
dry on the Odyssey.

B.  Blocking Reagent
There are many different sources and types of blocking reagents sold for Western blot applications. Antibody
performance can sometimes be compromised by the blocking reagent chosen. Milk-based blockers may con-
tain IgG that can cross-react with anti-goat antibodies. This can significantly increase background and reduce
sensitivity. Milk-based blockers may also contain endogenous biotin or phospho-epitopes that can cause
higher background. 
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If an antibody fails with one blocking condition, it may be advantageous to try another. Figure 2 is an exam-
ple of the behavior of the anti-PKCα antibody in 5% BSA, 5% Milk, and Odyssey® blocking reagents on a 
nitrocellulose membrane. Figure 3 is a similar example using Odyssey blocking reagent, I-Block™, and 5%
BSA for detection of anti-pAkt and β-tubulin in 293T Cells stimulated with TGF-β.

We tested the PathScan PDGFR Tyrosine Kinase Activity Assay (Cell Signaling Technology, P/N 7180), using
five different blocking/diluent solutions. Figure 4 shows results from this experiment. The five phosphopro-
teins could be clearly visualized with each of the blocking solutions, with the exception of 5% Milk, which
had very high background. The S6 Ribosomal protein (total protein loading control) was almost completely
absent in blots where Odyssey Blocking Buffer (P/N 927-40010, 927-40003, 927-40000, 927-40100) was
used. This data clearly suggests that there is not a universal blocker that is best for all antibodies.

700 nm Channel
Scan Intensity = 7

Millipore Immobilon™ FL

Millipore Immobilon™ P

BioRad Immun-Blot®

Pall BioTrace® PVDF

Perkin Elmer PolyScreen®

Amersham Hybond™-P

Figure 1.  Western blot detection of transferrin using various vendors and
brands of PVDF membrane on the Odyssey Infrared Imaging System in both
700 and 800 nm channels.

800 nm Channel
Scan Intensity = 8
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C. Detergents

Addition of detergents to diluted antibodies can significantly reduce background on the blot. Optimal 
detergent concentration will vary, depending on the antibodies, membrane type, and blocker used. Keep 
in mind that some primaries do not bind as tightly as others and may be washed away by too much deter
gent. Never expose the membrane to detergent until blocking is complete, as this may cause high mem-
brane background.

Figure 2.  Western blots detected with anti-PKCα and IRDye® 800CW Goat anti-mouse.  
All blots were treated equally, with the exception of blocking reagent.  All images were
generated on the Odyssey® Infrared Imager with scan intensity setting of 5, sensitivity of 5.

Figure 3.  Western blots of 293T Cells stimulated with TGF-β (0, 2.5, and 
5 minutes) detected with anti-pAkt and β-tubulin.  All blots were treated
equally, with the exception of blocking reagent.  All images were generated
on the Odyssey Infrared Imager with scan intensity setting of 3.5/5 (700/800 nm),
sensitivity of 5.

293T Cells Stimulated with
TGF-β at 0, 2.5, and 5 min

pAkt

β-tubulin

Odyssey Blocker I-Block™ 5% BSA
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1. Tween 20 
a. Blocker – do not put Tween 20 into the blocking reagent during blocking.
b. Primary and secondary antibody diluents should have a final concentration of 

0.1 - 0.2% Tween® 20 for nitrocellulose membranes, and a final concentration of 0.1% for 
PVDF membranes.  A higher concentration of Tween 20 may increase background on PVDF.

c. Wash solutions should contain 0.1% Tween 20.

2. SDS
a. Blocker - do not put SDS into the blocking reagent during blocking.
b. When using PVDF membrane, secondary antibody diluents should have a final concentration of 

0.01 - 0.02% SDS. SDS can be added to the antibody diluents when using nitrocellulose to dram-
atically reduce overall membrane background and also reduce or eliminate non-specific binding. 
It is critical to use only a very small amount. SDS is an ionic detergent and can disrupt antigen-
antibody interactions if too much is present at any time during the detection process.

c. Wash solutions should not contain SDS.

f

g

Figure 4.  Above: Western blots utilizing
PathScan Multiplex primary antibody and
both IRDye® 680 and IRDye 800CW goat
anti-rabbit for detection. Five different solu-
tions were used for blocking and antibody
dilution (antibody dilutions included 0.2%
Tween® 20): 
a. Odyssey® Blocking Buffer; 
b. Odyssey + PBS (1:1); 
c. 5% BSA; 
d. 5% Skim Milk; 
e. 0.5% Casein.  
In each image, the arrows indicate the band
positions for each of the detected proteins.
Starting from the top:  Phospho-PDGFR,
phospho-SHP2, phospho-Akt, phospho-
p44/p42, and S6.  
f. Quantification of 700 nm signal in 

each blocking solution.
g. Quantification of 800 nm signal in 

each blocking solution.

a. b. c. d. e.

f.

g.
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D. Primary Antibody
An antibody produced to detect a specific antigen is called the primary antibody. It binds directly to the mole-
cule of interest. Primary antibodies can be produced in a wide variety of species such as mouse, rabbit, goat,
chicken, rat, guinea pig, human, and many others. Primary antibodies for the same antigen can perform very
differently. It may be necessary to test multiple primary antibodies for the best performance in your Western
blot system. Figure 5 is an example of how different primary antibodies may react.

E. Secondary Antibody Quality
One of the primary benefits of using an Odyssey® System for Western blot detection is the ability to detect two
targets simultaneously. Two-color detection requires careful selection of primary and secondary antibodies.
The two primary antibodies must be derived from different host species so they can be discriminated by sec-
ondary antibodies of different specificities (for example, primaries from rabbit and mouse will be discrimi-
nated by anti-rabbit and anti-mouse secondary antibodies). One secondary antibody must be labeled with
IRDye® 680LT or IRDye 680 and the other with IRDye 800CW.

The exception to this is when using IRDye Subclass Specific Antibodies.  IRDye Goat anti-Mouse IgG1, 
Goat anti-Mouse IgG2a, and Goat anti-Mouse IgG2b, allow for two-color detection using primary antibodies 
derived from the same species (mouse).  IRDye Subclass Specific antibodies react with the heavy (gamma)
chain only of the primary antibody.  In mice, there are five unique subclasses of IgG; IgG1, IgG2a, IgG2b,
IgG2c, and IgG3. Each subclass is based on small differences in amino acid sequences in the constant region
of the heavy chains, so antibodies directed against a particular subclass will not recognize antibodies 
directed against other subclasses. For example, IRDye goat anti-mouse IgG1 recognizes mouse gamma 1, but 
will not recognize mouse gamma 2a, 2b, 2c or gamma 3.  For details, refer to Western Blot and In-Cell West-
ern™ Assay Detection Using IRDye Subclass Specific Antibodies, for a complete description.

A.
1  2 3  4 5  6 7 8

Antibody Host Manufacturer Part #

1 α-GAPDH Mouse Ambion 4300

2 GAPDH Sheep AbCam ab35348

3 GAPDH Rabbit Rockland 600-401-A33

4 GAPDH Mouse AbCam ab8245

5 GAPDH Chicken ProSci Inc. XW-7214

6 GAPDH (N-14) Goat Santa Cruz Bio sc-20356

7 GAPDH (V-18) Goat Santa Cruz Bio sc-20357

8 α-GAPDH Mouse Sigma G8795

B.

Figure 5.  MPX™ screening of eight different GAPDH primary antibodies on a
HeLa cell lysate sample.  Primary antibodies were diluted in Odyssey Blocking
Buffer according to manufacturer’s recommendations.  
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Always use highly cross-adsorbed sec-
ondary antibodies for two-color detec-
tion. Failure to use cross-adsorbed
antibodies may result in increased
cross-reactivity as shown in Figure 6.
LI-COR® IRDye® conjugated secondary
antibodies are optimized for two-color
Western blot detection. They are highly
cross-adsorbed with a dye-to-protein
ratio maximized for optimal signal-to-
noise ratio in both Western blot and 
In-Cell Western™ assay detection. Fig-
ure 7 shows a comparison of LI-COR
highly cross-adsorbed IRDye goat anti-
mouse to a non-cross-adsorbed goat
anti-mouse secondary antibody and
their reactivity to the different mouse
IgG sub-classes.

There are many choices in secondary
antibodies for Western blot detection.
LI-COR offers IRDye whole IgG (H + L)
secondary antibodies and IRDye Sub-
class Specific secondary antibodies.
Figure 8 demonstrates the performance
of LI-COR IRDye goat anti-mouse com-
pared to various other secondary anti-
body options for detection of a mouse
IgG primary antibody.  Figure 9 demon-
strates the differences between IRDye
Subclass Specific detection and IRDye
whole anti-mouse IgG detection.

F. Secondary Antibody Dilution
The amount of secondary antibody that
is used for IR Western blots can vary a
great deal. When using LI-COR 
IRDye 800CW and IRDye 680 conju-
gated secondary antibodies, the rec-
ommended dilution range is 1:5,000 
to 1:25,000. When using LI-COR 
IRDye 680LT secondary antibodies, 
the recommended dilution range is
1:10,000 to 1:50,000. The dilution
should be optimized for the primary
antibody being used and the preferred
appearance of the Western blot. The 
Odyssey® imaging software can be used to maximize the appearance of the image using a wide range of 
secondary antibody dilutions (Figure 10).
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Figure 6.  Example of a secondary antibody not cross adsorbed,
cross-reacting with the second antibody pair in a two-color 
Western blot.

Odyssey® Infrared Imaging System
Scan Intensity = 1.5 (700/800 nm)

Secondary Antibody
IRDye 800 GAR 

no cross adsorption

Secondary Antibody
IRDye 800 GAR 

highly cross adsorbed

GAM IgG
LI-COR 

Highly Cross Adsorbed

GAM IgG 
Not Cross Adsorbed

Figure 7. Mouse IgG Subclass detection comparing LI-COR
IRDye goat anti-mouse antibody to a similar antibody that was
not cross-adsorbed.
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Secondary Antibodies used at a 1:5000 
dilution unless otherwise indicated

1) Goat anti-Mouse IgA, IgG, IgM
2) Rabbit anti-Mouse IgG
3) Goat anti-Mouse IgG Fcy (heavy chain specific)

4) Goat anti-Mouse IgG F(ab)2
5) Goat anti-Mouse IgG, IgM
6) F(ab)2 Goat anti-Mouse IgG
7) F(ab)2 Goat anti-Mouse IgG, IgM
8) F(ab)2 Goat anti-Mouse IgG Fab
9) F(ab)2 Goat anti-Mouse IgG Fcy (heavy chain specific)

10) Donkey anti-Mouse (LI-COR®)
11) Goat anti-Mouse IgM 1:5000
12) Goat anti-Mouse IgM 1:7500
13) Goat anti-Mouse IgG (LI-COR) 1:2500
14) Goat anti-Mouse IgG (LI-COR) 1:5000

Figure 8. IRDye® 800CW labeled anti-mouse antibodies
against purified mouse IgG.

Odyssey® Infrared
Imaging System
Default Settings:

Intensity = 5
Sensitivity = Auto

Manual Settings:
Intensity = 1.5

Sensitivity = 5 Sensitivity = 6 Sensitivity = 8 Sensitivity = 8

Figure 10. Secondary Antibody Concentration of IRDye 800CW goat anti-mouse with maximized Odyssey
imaging capabilities.
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Figure 9. Western blot de-
tection of various purified
subclasses.  Each lane was
loaded with 50 ng of anti-
body.  Blots were detected
with IRDye labeled Sub-
class Specific antibodies or
IRDye labeled whole IgG.



G. Miscellaneous Contamination
There are many things that can cause contamination of an infrared Western blot. Contamination can appear as
a global increase in background, large smears of signal, or speckled blots. Common sources of contamination
are listed in Table 1. Some example images are shown in Figure 11 on the following page.

Contamination Source Appearance Solution

Blue loading buffer used Smeared signal in the 700 nm Use LI-COR® 4X Protein Sample
during gel electrophoresis channel Loading Buffer (Part #928-40004).

Dirty transfer pads Blotches can be seen on Replace transfer pads.
the blot that align with the
transfer cassette holes

Acrylamide residue on Speckles and blotches can be Carefully rinse off membrane in
membrane after transfer seen in 700/800 nm channel 1X PBS before it dries.

Blue pen used on membrane Smeared signal in the Use pencil to mark blots.
700 nm channel

Dirty processing containers: 
1. Coomassie Stain/gel stain/ 1. In the 700 nm channel, 1. Use different containers for gel

anything blue entire membrane dark, staining and Western blot 
smeared signal, or speckles, detection.
depending on the amount  
of stain residue in container.

2. Bacterial Growth 2. Speckles and blotches can 2. Wash containers with detergent,
be seen in 700/800 nm rinse thoroughly with distilled
channel. water and a final rinse with 

methanol.

3. Acrylamide Residue 3. Speckles and blotches 3. Wash containers as indicated
can be seen in 700/800 nm above.
channel.

Fingerprints Blotches can be seen in Handle Western membrane with
700/800 nm channel where clean forceps only.
gloved/ungloved hands have 
touched the membrane.

Dirty Forceps Blotches can be seen in Do not use rusty forceps. Forceps 
700/800 nm channel where can be washed with detergent,
forceps have touched the rinsed with water, and a final rinse 
membrane. with methanol.

Bacterial growth in Antibodies Speckles and blotches can Replace antibodies.
(primary or secondary) be seen in 700/800 nm

channel.
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III. Imaging Issues That Can Alter the Performance    
of a Western Blot

There are adjustments that can be made during the process of imaging 
a Western on an Odyssey System that can greatly influence the data 
acquired from the instrument. 

A. Starting with a clean scan bed or imaging tray is critical. If you 
acquire an image and the area that doesn’t have a membrane 
appears to have signal in either channel, the scan bed or imag-
ing tray is contaminated. The contamination source may be as simple as dust or as complex as dye.

B. Air bubbles can result in reduced signal detection during imaging. Flatten the membrane with a roller 
to remove bubbles and excess liquid.  See Figure 12.

C. A Western blot can be imaged either wet or dry on an Odyssey System. Typically, the signal is higher 
when a dry blot is imaged; however, the background also will increase. Note: Once a blot is dry, or 
partially dried, stripping of the membrane for reuse is ineffective.  See Figure 13.

The Odyssey Fc Imaging System is optimized for acquiring Western blot images without saturated pixels or fur-
ther adjustment by the operator. The following two items apply only to the Odyssey Infrared Imaging System.   

D. Improper adjustment of the Odyssey Focus Offset can result in reduced signal collection from the 
Odyssey Infrared Imaging System. The focus offset should be set at 0 mm for scanning a Western blot. 
This can be done in the “Scan Console” Window of the Odyssey software. For more details see Chap-
ter 2: Starting Scans, in the Odyssey User Guide. 

E. Improper optimization of the Odyssey Scan Intensity can result in saturation of signal and reduced lin-
ear dynamic range. Figure 14 shows the quantification variation that can occur by changing the inten-
sity settings in which the image is acquired. Intensity optimization can be done in the Scan Console 
Window of the Odyssey software. For more details, see Chapter 2: Starting Scans, in the Odyssey®

Figure 11.  Examples of contamination events that may cause back-
ground on a Western blot. 

A) Dirty transfer pad
B) Acrylamide 
on membrane

D) Blue ink pen E) Fingerprint
F) Bacterial contamination 
in primary antibody
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C) Coomasie 
contaminated container

Air bubble in
the Transfer

Air bubble 
between the
membrane
and scan bed
of the Odyssey

Figure 12.  Examples of air bubbles in the
transfer vs. on the Odyssey® Infrared Im-
ager scan bed.

Figure 13.  The same Western blot scanned on an
Odyssey system wet and dry.  The images are rep-
resented using the optimal display settings.  Quan-
tification is shown in the chart below the images.



User Guide. It is important to note that saturated pixels (pixels that appear white in the image) cannot 
be accurately quantified. Signal saturation can also result in signal transfer to the alternate channel in 
the Odyssey® Infrared Imaging System. For example, saturated signal in the 800 nm channel of the 
Odyssey can be seen as 700 nm signal in the 700 channel scan (see Figure 15). This can easily be 
eliminated by scanning at a lower intensity.

There are two common problems that can be corrected with a few adjustments of the Odyssey Infrared Imag-
ing System software or the Image Studio software on the Odyssey Fc Imaging System. These include blots that
exhibit: • No Fluorescence  • Dim Bands.  Keep in mind that these software enhancements will only work on
blots that are not experiencing binding chemistry problems.

For the Odyssey Infrared Imaging System – No Fluorescence
Blots that unexpectedly exhibit no fluorescence can be enhanced by changing the sensitivity setting of the
image from Linear Auto to Linear Manual. These settings can be changed from the Alter Image Display menu.
To enhance the image, simply click the Linear Manual radio button and adjust the slider. By manually manag-
ing the sensitivity settings, the most desirable image can be chosen. For more details, see Chapter 11: Chang-
ing the Appearance of Scanned Images, in the Odyssey User Guide.

Dim Bands
Improving the appearance of dim bands is as simple as adjusting the Brightness and Contrast of the image. The
default software setting is 50. Adjust the Brightness and Contrast sliders to brighten and darken the pixels until
the image is optimal. Each channel can be adjusted independently. Image adjustments can also be made in
grayscale; very faint bands can be visualized better in gray. For more details, see Chapter 11: Changing the 
Appearance of Scanned Images, in the Odyssey User Guide. Additional enhancement of images can also be
done using “Adjust Image Display Curves”.

For the Odyssey Fc Imaging System – No Fluorescence
Click on the Auto Adjust button in the Image LUTs tab. For more details, see Chapter 5: Manipulating an
Image in the Odyssey Fc Tutorial (Doc #984-11074).

Dim Bands
Click and drag the min, max, and K value dots on the histogram in the Image LUTs tab to adjust the intensity
of the image. For more details, see Chapter 5: Manipulating an Image in the Odyssey Fc Tutorial.
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A. B.

Figure 14.  The same Western blot scanned on the Odyssey Infrared Imaging
System at 5 different intensity settings.  The top row of images are displayed
using the auto sensitivity setting in the Odyssey Software.  The bottom images
were optimized using the manual sensitivity option for display.  Quantification
is shown in the chart.  Note that the saturated signal at the Intensity setting of
10 cannot be quantified. 

Figure 15.  Saturated signal in the
800 nm channel (A) of the Odyssey
Infrared Imaging System can be vi-
sualized in the 700 nm channel (B).
The only detection that should be
seen in the 700 nm channel is the
ladder on the far left of the image.
Optimizing scan intensity can elimi-
nate this.



IV.Data Analysis Using the Odyssey® Infrared Imaging System
Background
For accurate Western blot quantification, the background setting in the Odyssey software must be applied 
effectively. The Background method sets the background calculation method for use in quantification, by 
averaging the intensity of the pixels selected as the background region. There are several different methods 
for background subtraction, each unique to a specific need.

i. No Background selection uses zero for the background calculations. This is the best choice for assays 
with their own background calculation methods, such as concentration standards used with In-Cell 
Western™ Assays. The No Background method is rarely used for Western blotting purposes. 

ii. Average Background takes the average value of the pixels on all four sides of the feature. It is possible 
to choose the number of pixels to include in the calculation by changing the Border Width.

iii. Median function sets the background level to the median value of the pixels outside the feature. The 
sides (All, Top/Bottom, or Right/Left) of the feature can be selected to optimize quantification. This 
feature is also available with the Average Background method.

iv. User-Defined background selection averages the intensity of pixels enclosed by a selected feature. 
To implement this method, display both image channels, draw a feature over an area of typical back-
ground (be sure not to include any hot pixels), select the feature, choose the Background icon from 
the toolbar, and change the background method to User Defined. Click Save, and OK to the message. 
Notice that the ‘regular feature’ has now changed to a ‘background feature.’ Multiple features can be 
selected for User Defined Background. This method is not preferred over Average or Median due to 
possible inconsistencies in noise across the image.

V. Data Analysis using the Odyssey Fc Imaging System
Background
The same background settings used in the Odyssey software are available in the Image Studio software on the
Odyssey Fc Imaging System. They can be found by clicking on ‘Define Type’ in the Background group on the 
Analyze ribbon. To implement the User-Defined background selection in the Image Studio software, draw 
one or more shapes over an area of typical background. Select the shape(s) and click on ‘Assign Shape’ in 
the Background group in the Analyze ribbon. The background setting will change to User-Defined.  

With the Western Key, the Background group on the Western and MPX Western Analysis ribbons also includes
the option of Lane background subtraction. This setting subtracts the background of the Lane from each Band.
The same background settings as above can also be used in the Western and MPX Western Analysis ribbons 
by clicking on ‘Other’ and ‘Western Define Type’.

VI. Summary
There are many ways to maximize the performance of a Western blot. A fully optimized Western blot is the
best place to start. LI-COR provides high quality reagents for optimal Western blot detection. For a more de-
tailed protocol on how to do an Odyssey Western blot, see the Odyssey Western Blot Analysis protocol ).

VII.  References
Towbin, et al., (1979) Proc. Natl. Acad. Sci USA 76; 4350-4

4647 Superior Street • P.O. Box 4000 • Lincoln, Nebraska 68504 USA  
North America: 800-645-4267 •  International: 402-467-0700 • FAX: 402-467-0819 
LI-COR GmbH Germany, Serving Europe, Middle East, and Africa: +49 (0) 6172 17 17 771
LI-COR UK Ltd., Serving UK, Ireland, Scandinavia: +44 (0) 1223 422104 
All other countries, contact LI-COR Biosciences or a local LI-COR distributor:
http://www.licor.com/distributors
www.licor.com

© 2010 LI-COR, Inc. LI-COR, Odyssey, MPX, In-Cell Western and IRDye are trademarks or registered trademarks of LI-COR, Inc. Odyssey Imaging Systems, IRDye 800CW
and IRDye infrared dye labeled biomolecules are covered by U.S. and foreign patents and patents pending. All other trademarks belong to their respective owners.
LI-COR is an ISO 9001 registered company.

Doc #988-11874
0311



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


