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ABSTRACT 
Resurgence of mycobacterial diseases particularly 
tuberculosis has caused a renewed interest to unravel 
the strategies employed by mycobacteria for intra-
cellular survival. In spite of advancement in myco-
bacterial research, our knowledge about genes and 
their corresponding functional proteins involved 
during the interaction of mycobacterium with host’s 
macrophages is fragmentary. This study pertains to 
development of a suitable in vitro model using murine 
macrophages and Mycobacterium bovis BCG to study 
proteins expressed during macrophage-mycobacter- 
ium interactions. Peritoneal macrophages from BALB/ 
c mice were infected with M. bovis BCG and intra-
cellular replication was assessed by [3H] thymidine 
uptake assay which was maximal when macrophage 
to mycobacterium ratio was 1:10. SDS-PAGE was 
employed to study the proteins expressed and se-
lected proteins were subjected to mass spectrometry. 
Seven proteins found to be upregulated during macro- 
phage-mycobacterium interaction were identified by 
MALDI-TOF. The results indicate that the present in 
vitro infection model was able to support the growth 
of M. bovis BCG in murine macrophages and is an 
ideal model to determine the pattern of functions of 
gene expression during the interaction of mycobacte-
rium with macrophages. The differentially expressed 
proteins will help in understanding the mycobacterial 
molecular basis of adaptation to intracellular macro- 
phage environment. 
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1. INTRODUCTION 

Tuberculosis (TB), caused by Mycobacterium tuberculo-

sis is a devastating health problem. World Health Or-
ganization (WHO) estimates that 2 billion people have 
latent TB while another 3 million people worldwide die 
of TB each year [1]. Resurgence of tuberculosis has in-
tensified the necessity for new approaches to combat M. 
tuberculosis. M. tuberculosis is a facultative, intracellu-
lar pathogen which resides within the macrophages of 
the host. To survive intracellularly it must respond to the 
intracellular milieu of the macrophages. It has been well 
documented that intraphagosomal survival and growth of 
mycobacteria in macrophage is associated with changes 
in their gene expression and protein composition upon 
engulfment [2-4]. 

To date, in spite of advancement in mycobacterial re-
search our knowledge about genes and their correspond-
ing functional proteins involved during the interaction of 
mycobacterium with macrophages remains fragmentary. 
Though several research groups have done proteomic 
studies on M. tuberculosis and other members of the 
genus [5-7], only few researchers have utilized pro-
teomics to determine changes in protein composition in 
response to the intraphagosomal environment [3-8]. Such 
studies have mostly been carried out using cell lines, 
which definitely have limitations to model in vivo situa-
tion. Several reports have demonstrated that the use of 
different cell lines and culture conditions can signifi-
cantly influence the protein patterns and intracellular 
survival of mycobacteria [9,10]. 

In the present study we have worked to develop an in 
vitro model using murine peritoneal macrophages and M. 
bovis BCG. BCG, though an attenuated vaccine strain, 
retains its ability to survive within the macrophages 
hence expected to mimic some of its behavior with the 
pathogenic M. tuberculosis inside the macrophages. 
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Multiplication of the mycobacteria inside the macro-
phages was ascertained using thymidine uptake assay. 
SDS-PAGE was employed to study the proteins ex-
pressed and selected proteins were subjected to mass 
spectrometry. 

2. MATERIALS AND METHODS 

Mycobacteria and culture:  
M. bovis BCG (Danish) procured from Mycobacterial 
Repository Centre at National JALMA Institute for 
Leprosy and other Mycobacterial Diseases, Agra was 
cultured in Sauton’s liquid medium at 37˚C. Cells were 
harvested in late log phase (4 weeks) of growth.  

Animals:  
BALB/c mice (6-8 weeks old) of 20 ± 2 g of weight 

were obtained from Institute’s Animal House. The ani-
mals were given a standard pellet diet and water ad li-
bitium. The animal studies were strictly performed fol-
lowing mandates approved by the Animal Ethical Com-
mittee of the Institute. 

Macrophage culture and infection with M. bovis 
BCG:  

BALB/c mice were sacrificed by cervical dislocation 
and murine peritoneal macrophages were collected as 
lavage in RPMI 1640 (Sigma). After washing, cells were 
adjusted to a density of 5 × 104 cells/well (medium with 
10% fetal calf serum, 2mM glutamine, 100 µg/ml anti-
biotic) of a 96-well culture plate which was kept for 48 
hrs in a CO2 incubator. Prior to infection with mycobac-
teria, non-adherent cells were removed and macrophages 
were suspended in antibiotic free medium. M. bovis 
BCG cells, sonicated for 15 sec to disperse clumps were 
added to the adhered macrophage monolayer at different 
infection ratios and left to phagocytose for 12 hrs. After 
12 hrs extracellular mycobacteria were removed by ex-
tensive washing and the infected macrophages were re-
plenished with medium containing gentamicin (10 µg/ml) 
to prevent extracellular replication of mycobacteria. 
Macrophage viability (never fell below 80%) was as-
sessed by trypan blue exclusion. Incubations were car-
ried out for 5 days in CO2 incubator and 18 hrs prior to 
termination the cultures were pulsed with 1µCi [3H] 
thymidine (methyl-T, specific activity approx. 17.2 Ci/ 
mmol from BRIT, India) per well. Cells were harvested 
on a cell harvester and the radioactivity was measured in 
a liquid scintillation counter. 

Mycobacterial cell lysate proteins:  
Cell lysates were prepared according to the recom-

mended protocol [11]. Cells were pelleted by centrifuga-
tion, washed and suspended (0.2 g/ml) in sonication 
buffer (50 mM Tris/HCl, pH 7.4 with 10 mM MgCl2, 1 
mM PMSF and 1 mM EGTA) and sonicated for 10 min. 
Lysates were clarified by centrifugation and protein 

concentration was estimated using Bradford method [12]. 
For infected cell lysate, macrophages grown in 25 cm2 
culture flasks at density of 2-5 × 106 cells/ml were in-
fected with M. bovis BCG at ratio of 1:10. Finally cells 
were washed, collected in PBS and lysate prepared. Us-
ing similar protocol, non infected macrophage cell lysate 
was also prepared. 

Sodium dodecyl sulphate polyacrylamide gel elec-
trophoresis (SDS-PAGE):  

Mycobacteria, macrophage and infected cell lysates 
were subjected to SDS-PAGE. SDS-PAGE under reduc-
ing condition was done by the method of Laemmli [13] 
using 12% resolving gel. An exact amount (25 µg) of 
protein was loaded in each lane and experiment was re-
peated atleast three times. After electrophoresis the gels 
were stained for proteins with silver stain using Investi-
gator Silver Stain Kit (Genomic Solutions). 

In-gel digestion with trypsin and mass spectrome-
try (MS):  

Method of Shevchenko et al was followed for in-gel 
digestion of proteins [14]. Protein spots of interest were 
excised from gel using Investigator ProPic (Genomic 
Solutions). Digestion of proteins and spotting of peptides 
on matrix assisted LASER desorption/ionization-time of 
flight (MALDI-TOF) target plate was carried out using 
Investigator ProPrep (Genomic Solutions). Gel plugs 
destained with K3[Fe(CN)6] and Na2S2O3 solution were 
treated with 10 mM DTT followed with 55 mM io-
doacetamide and incubated for 12 h at 37°C with trypsin 
(Promega). Samples were then desalted with C-18 Zip-
Tips, which were eluted on target plate with 2 μl of α- 
cyano-4-hydroxycinnamic acid. Mass spectra were ac-
quired with Autoflex II TOF/TOF 50 (Bruker Daltonics) 
in positive reflectron mode, in the detection range of 
500-3000 m/z. Peak detection in MALDI spectra and 
submission of peak lists to the database were done using 
Mascot wizard (Matrix Science). Peptide mass tolerance 
was set to 50 ppm with carbamidomethyl-cystein set as 
fixed modification, oxidation of methionine as variable 
modification and 1 missed cleavage site allowed. 

3. RESULTS 

Intracellular replication of M. bovis BCG within murine 
peritoneal macrophages was assessed by measuring the 
[3H] thymidine uptake. Table 1 shows four-fold increase 
in thymidine uptake in test group which was maximal 
when macrophage to mycobacterium ratio was 1:10. It 
was observed that after this infection ratio there was 
decrease in thymidine uptake with increasing infection 
ratio, which could be due to clumping of M. bovis BCG. 
These observations suggested that this in vitro infection 
model was able to support the growth of M. bovis BCG.  

The most striking difference observed by SDS-PAGE 
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was the induction of some proteins in infected cell lysate 
as compared to those of mycobacterial or macrophage 
cell lysates (Figure 1). Seven proteins were differen-
tially expressed during macrophage-mycobacterium in-
teraction and these proteins were further identified by 
MALDI-TOF (Table 2). Spot 1 (Mb2271) was identified 
as probable propionyl-CoA carboxylase beta chain 6 
which is important for cell envelope lipid biosynthesis. 
Spot 2 (Mb3761c) encodes UPF0089 protein which is 
basically uncharacterized protein family. Spot 3 (Rv00  
46c/MT0052) encodes a hypothetical protein and could 
not be assigned any function. Spot 4 was identified as  
 
Table 1. [3H] Thymidine incorporation to Mycobacterium bo-
vis BCG. The values are the mean cpm (counts per minute). 
The SEM of triplicate cultures was < 12% of the mean. 

Samples 

Infection Ratio 

(Macrophage: 

Mycobacterium) 

cpm 

(Mean ± SEM)

Control 

(Only Macrophages) 
1:0 377 ± 38 

Test 

1:5 

1:10 

1:15 

1:20 

1081 ± 46 

1877 ± 200 

1703 ± 80 

1520 ± 50 

 
Figure 1. SDS-PAGE profile showing proteins expressed dur-
ing macrophage-mycobacterium interaction. 
Lane 1: Molecular weight marker (Broad range, BioRad) 
Lane 2: Whole cell lysate of M. bovis BCG grown in macro-
phages 
Lane 3: Whole cell lysate of macrophages 
Lane 4: Whole cell lysate of M. bovis BCG 

riboflavin biosynthesis protein ribAB with accession  
number Mb1450. Spot 5 with accession number Mb22  
60c was identified as cobalamin biosynthesis protein 
cobD. Spot 6 (Mb2729) is a transcription initiation fac-
tor sigma B and is suggested to auto-amplify its own 
expression under certain stress conditions. Finally, spot 7 
(Mb3581) was identified as putative CoA-transferase 
subunit alpha and has a role in lipid metabolism. Experi- 
ments were repeated three times. These proteins might 
play some role in intracellular survival of mycobacteria 
within the macrophages. 

4. DISCUSSION 

The present study deals with development of an in vitro 
infection model system to study protein profile during 
macrophage-mycobacterium interaction. Model systems 
have proved of central importance in determining the 
activities associated with mammalian cells. To explore 
the strategies employed by mycobacteria to survive 
within the macrophages, studies have mostly been car-
ried out with cell lines [3,15]. Our study, however, varies 
with respect to host macrophage system as we have used 
natural macrophages from murine peritoneum. Mice are 
the most widely used vertebrates with short reproductive 
cycle, short life span, small size and low cost of mainte-
nance making them suitable substitutes in biomedical 
research.  

Our results with thymidine uptake assay clearly sug-
gest that the present in vitro infection model was able to 
support the growth of M. bovis BCG in murine macro-
phages. The pattern of cell lysate proteins indicate that 
adjustments in the pattern of gene expression do occur 
during macrophage-mycobacterium interaction. The 
present study revealed seven proteins that were upregu-
lated during macrophage-mycobacterium interaction. 
Four of the identified proteins (propionyl-CoA carboxy-
lase beta chain 6, riboflavin biosynthesis protein ribAB, 
Cobalamin biosynthesis protein cobD and putative 
CoA-transferase subunit alpha) were found to belong to 
the lipid metabolism category. Propionyl-CoA carboxy-
lase catalyses the carboxylation reaction of propionyl 
CoA and methylmalonyl CoA is formed. Propionyl CoA 
is a key precursor in several lipid biosynthetic pathways 
in M. tuberculosis [16]; however, accumulation of pro- 
pionate is toxic to the cell and efficient mechanisms are 
required for its disposal [17]. This dual nature implies a 
central role for propionate metabolism in the growth and 
persistence of M. tuberculosis in vivo [18]. Savvi et al. 
[19] demonstrated the ability of M. tuberculosis to utilize 
propionate as the sole carbon source in absence of func-
tional methylcitrate cycle provided cobalamin (vitamin 
B12) is supplied exogenously and thus reinforces the po-
tential relevance of vitamin B12 to mycobacterial patho  

 1        2        3        4 
MW 
(kDa) 

200.0- 

116.2- 
97.4- 

66.2- 

45.0- 

31.0- 

21.5- 
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Table 2. Details of upregulated proteins identified by mass spectrometry. 

Spot 

No. 

Protein identified MASCOT Score Nominal Mass 

(Da) 

pI Accession Number 

1 Probable propionyl-CoA carboxy-

lase beta chain 6 

48 50504 5.74 Mb2271 

2 UPF0089 26 49501 6.36 Mb3761c 

3 Hypothetical protein 9 40183 5.02 Rv0046/MT0052 

4 Riboflavin biosynthesis protein 

ribAB 

47 46331 5.46 Mb1450 

 

5 Cobalamin biosynthesis protein 

cobD 

16 33212 10.85 Mb2260c 

6 Transcription initiation factor sig-

maB 

15 36347 6.19 Mb2729 

7 Putative CoA-transferase subunit 

alpha 

87 31817 5.64 Mb3581 

 
genesis. Thus the differential expression of cobalamin 
biosynthesis protein in our experiment is significant. 
Riboflavin (vitamin B2) biosynthesis has been reported 
to be essential for in vivo survival of a number of bacte-
rial species because of scarcity of riboflavin in mam-
malian cells [20]. Riboflavin is the precursor of the co-
enzymes flavin mononucleotide phosphate and flavin 
adenine dinucleotide phosphate that are essential com-
pounds for basic metabolism. CoA transferases catalyze 
the reversible transfer of CoA from CoA-thioesters to 
free acids and are involved in lipid biosynthesis. In-
creased expression of these proteins directly or indirectly 
support their probable role during growth of mycobacte-
ria within macrophages.  

Transcription initiation factor sigma B is induced un-
der various stress conditions like heat shock, cold shock, 
low aeration and limited or no substrate as seen in sta-
tionary phase [21,22]. Upregulation of Sigma factor B 
during macrophage-mycobacterium interaction suggests 
its role in intracellular survival. Earlier reports have re-
vealed the upregulation of stress proteins under oxida-
tive stress [23] and upon infection of macrophage [3]. 
No information however is available for the hypothetical 
protein and UPF0089 protein. Our findings indicate that 
M. bovis BCG mounts a specific response to the host 
intracellular environment and the expression of these 
preferred proteins plays an important role in its intracel-
lular survival. 

It is rather unlikely that only expression of seven pro-
teins is sufficient for intracellular survival. Probable 
reasons for not finding more proteins could be due to 
technical reasons. Future studies would employ approa- 
ches like application of more sensitive and complement- 
tary proteome techniques or analyzing at a point where 
protein profile of mycobacteria is quite stable. Analysis 

of proteins by two-dimensional gel electrophoresis could 
not be carried out due to difficulty in recovery of suffi-
cient amount of intracellular BCG proteins. MS identifi-
cation of mycobacterial proteins from two-dimensional 
gels has mainly been applied to mycobacteria growing in 
broth grown cultures where abundant amounts of protein 
are available for analysis. Only a few studies have util-
ized the classical proteomic approach to study the my-
cobacterium-macrophage interactions due to the paucity 
in recovery of intracellular mycobacteria using infection 
models [8]. The present study is an attempt in the latter 
approach. 

To summarize, our results clearly indicate that this in 
vitro infection system is an ideal model system to char-
acterize the differentially expressed genes during the in-
teraction of mycobacterium with macrophages. The em-
ployment of such model systems will help in under-
standing the early molecular events during mycobacte-
rium-macrophage interactions, and thus mycobacterial 
virulence and pathogenicity. It is hoped that such proteo-
mic studies may contribute significantly to understand 
mycobacterial pathogenesis and may help in the devel-
opment of new drug targets and attenuated vaccines.  

5. ACKNOWLEDGEMENTS  

The authors are grateful to Dr. VM Katoch & Dr. UD Gupta, for their 

help. We also thank Mr. Ajeet Pratap Singh for technical assistance. 

This work was supported by grant from DST, New Delhi (No. 

SR/FTP/LS-A-80/2001). NS is SRF (CSIR-UGC). PS and BK are 

SRFs, ICMR.  

6. DISCLOSURES 

This paper is unique and is not under consideration by any other pub-

lication and has not been published elsewhere. This manuscript has 

been read and approved by all authors. The authors report no conflicts 



N. Singhal et al. / Advances in Bioscience and Biotechnology 1 (2010) 180-184 

Copyright © 2010 SciRes.                                                                    ABB 

184 

of interest. 

 

REFERENCES 

[1] World Health Organization (2008) Global tuberculosis 
control: Surveillance, planning, financing. WHO Report 
2008. http://www.who.int/tb/publications/global_report/ 
2008/en/index.html  

[2] McDonough, K.A., Florczyk, M.A. and Kress, Y. (2000) 
Intracellular passage within macrophages affects the traf-
ficking of virulent tubercle bacilli upon reinfection of 
other macrophages in a serum-dependent manner. Tuber-
cle and Lung Disease, 80(6), 259-271. 

[3] Monahan, I.M., Betts, J., Banerjee, D.K. and Butcher, 
P.D. (2001) Differential expression of mycobacterial 
proteins following phagocytosis by macrophages. Micro-
biology, 147(2), 459-471. 

[4] Schnappinger, D., Ehrt, S., Voskuil, M.I., Liu, Y., 
Mangan, J.A., Monahan, I.M., Dolganov, G., Efron, B., 
Butcher, P.D., Nathan C. and Schoolnik, G.K. (2003) 
Transcriptional adaptation of Mycobacterium tuberculo-
sis within macrophages: Insights into the phagosomal 
environment. Journal of Experimental Medicine, 198(5), 
693-704. 

[5] Jungblut, P.R., Schaible, U.E., Mollenkopf, H.J., Zimny- 
Arndt, U., Raupach, B., Mattow, J., Halada, P., Lamer, S., 
Hagens, K. and Kaufmann, S.H. (1999) Comparative 
proteome analysis of Mycobacterium tuberculosis and 
Mycobacterium bovis BCG strains: Towards functional 
genomics of microbial pathogens. Molecular Microbiol-
ogy, 33(6), 1103-1117. 

[6] Rosenkrands, I., Weldingh, K., Jacobsen, S., Hansen, 
C.V., Florio, W., Gianetri, I. and Andersen, P. (2000) 
Mapping and identification of Mycobacterium tuberculo-
sis proteins by two-dimensional gel electrophoresis, mi- 
crosequencing and immunodetection. Electrophoresis, 
21(5), 935-948. 

[7] Sinha, S., Arora, S., Kosalai, K., Namane, A., Pym, A.S. 
and Cole, S.T. (2005) Proteome analysis of the plasma 
membrane of mycobacterium tuberculosis. Microbiology, 
151(7), 2411-2419. 

[8] Mattow, J., Siejak, F., Hagens, K., Becher, D., Albrecht, 
D., Krah, A., Schmidt, F., Jungblut, P.R., Kaufmann, S.H. 
and Schaible, U.E. (2006) Proteins unique to intraphago- 
somally grown Mycobacterium tuberculosis. Proteomics, 
6(8), 2485-2494. 

[9] Barker, K., Fan, H., Carroll, C., Kaplan, G., Barker, J., 
Hellmann, W. and Cohn, Z.A. (1996) Nonadherent cul-
tures of human monocytes kill Mycobacterium smegma-
tis, but adherent cultures do not. Infection Immunity, 
64(2), 428-433. 

[10] Mehta, P.K., King, C.H., White, E.H., Murtagh, J., Jr. and 
Quinn, F.D. (1996) Comparison of in vitro models for the 
study of Mycobacterium tuberculosis invasion and intra-
cellular replication. Infection Immunity, 64(2), 2673- 
2679. 

[11] Brodie, A.F., Kalra, V.K., Lee, S.H. and Cohen, N.S. 
(1979) Properties of energy transducing system in dif-
ferent types of membrane preparations from Mycobacte-
rium pheli—preparation, resolution and reconstitution. 
Methods in Enzymology, 55, 175-199. 

[12] Bradford, M.M. (1976) A rapid and sensitive method for 
the quantitation of microgram quantities of protein util-
izing the principle protein of dye binding. Analytical 
Biochemistry, 72(1-2), 248-254. 

[13] Laemmli, U.K. (1970) Cleavage of structural proteins 
during the assembly of the head of bacteriophage T4. 
Nature, 227(5259), 680-685. 

[14] Shevchenko, A., Wilm, M., Vorm, O. and Mann, M. (1996) 
Mass spectrometric sequencing of proteins silver-stained 
polyacrylamide gels. Analytical Chemistry, 68(5), 850- 
858. 

[15] Ryoo, S.W., Park, Y.K., Park, S.N., Shim, Y.S., Liew, H., 
Kang, S. and Bai, G.H. (2007) Comparative proteomic 
analysis of virulent Korean Mycobacterium tuberculosis 
K-strain with other mycobacteria strain following infec-
tion of U-937 macrophage. Journal of Microbiology, 
45(3), 268-271. 

[16] Kolattukudy, P.E., Fernandes, N.D., Azad, A.K., Fitzmau-
rice, A.M. and Sirakova, T.D. (1997) Biochemistry and 
molecular genetics of cell-wall lipid biosynthesis in my-
cobacteria. Molecular Microbiology, 24(2), 263-270. 

[17] Brock, M. and Buckel, W. (2004) On the mechanism of 
action of the antifungal agent propionate. European 
Journal of Biochemistry, 271(15), 3227-3241. 

[18] Muñoz-Elías, E.J., Upton, A.M., Cherian J. and McKinney, 
J.D. (2006) Role of the methylcitrate cycle in Mycobac-
terium tuberculosis metabolism, intracellular growth, and 
virulence. Molecular Microbiology, 60(5), 1109-1122. 

[19] Savvi, S., Warner, D.F., Kana, B.D., McKinney, J.D., 
Mizrahi, V. and Dawes, S.S. (2008) Functional charac-
terization of a vitamin B12-dependent methylmalonyl 
pathway in Mycobacterium tuberculosis: Implications for 
propionate metabolism during growth on fatty acids. 
Journal of Bacteriology, 190(11), 3886-3895. 

[20] Fuller, T.E., Thacker B.J. and Mulks, M.H. (1996) A 
riboflavin auxotroph of Actinobacillus pleuropneumoniae 
is attenuated in swine. Infection Immunity, 64(11), 4659- 
4664. 

[21] Lee, J.H., Karakousis, P.C. and Bishai, W.R. (2008) 
Roles of SigB and SigF in the Mycobacterium tuberculo-
sis sigma factor network. Journal of Bacteriology, 190(2), 
699-707. 

[22] Mehra, S. and Kaushal, D. (2009) Functional genomics 
reveals extended roles of the Mycobacterium tuberculosis 
stress response factor sigmaH. Journal of Bacteriology, 
191(12), 3965-3980. 

[23] Mukherjee, P., Sureka, K., Datta, P., Hossain, T., Barik, 
S., Das, K.P., Kundu, M. and Basu, J. (2009) Novel role 
of Wag31 in protection of mycobacteria under oxidative 
stress. Molecular Microbiology, 73(1), 103-119. 

 
 

http://www.who.int/tb/publications/global_report/ 2008/en/index.html�
http://www.who.int/tb/publications/global_report/ 2008/en/index.html�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20Y%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mangan%20JA%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Monahan%20IM%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dolganov%20G%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Efron%20B%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Butcher%20PD%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nathan%20C%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schoolnik%20GK%22%5BAuthor%5D�


<<
  /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 1.66667
  /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 1.66667
  /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 <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 807.874]
>> setpagedevice


