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Abstract The prolactin regulatory element-binding pro-

tein (PREB) is a transcription factor that regulates prolactin

(PRL) promoter activity in the rat anterior pituitary. PRL

gene expression and secretion are regulated by various

hormones and growth factors, including dopamine, epi-

dermal growth factor, and thyrotropin-releasing hormone

(TRH). We examined the effect of TRH on PREB

expression in pituitary cells. Western blots probed with a

PREB-specific antiserum showed that the relative abun-

dance of PREB in GH3 cells increased on treatment with

TRH in a dose-dependent manner. The relative abundance

of PREB mRNA also increased in a dose-dependent

manner after treatment with TRH. TRH induced the

expression of the luciferase reporter protein under the

PREB promoter control. We used inhibitors of certain

signal transduction pathways to show that TRH-induced

PREB induction is sensitive to the protein kinase A (PKA)

inhibitor. TRH stimulated the activity of the wild-type PRL

promoter, whereas mutation of the PREB core-binding

element on the PRL promoter reduced this ability. In

summary, we have shown that TRH stimulated PREB

expression in GH3 cells via the PKA pathway. PREB can

function as a transcriptional regulator of PRL promoter

activity and might be involved in TRH-induced PRL gene

transcription.
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Introduction

In pituitary lactotrophs, prolactin (PRL) is produced in a

cell-type-specific fashion. This selective expression is due

to a pituitary-specific transcription factor (Pit-1) that reg-

ulates the expression of the gene encoding PRL in these

cells [1, 2]. The Pit-1 binding motif of PRL was used to

screen a rat pituitary cell line library [3], and a cDNA

encoding PRL regulatory element-binding protein (PREB)

was isolated. PREB binds to and activates the PRL pro-

moter, and it can also mediate the action of protein kinase

A (PKA) [3]. The predicted amino acid sequence of PREB

had three regions of high similarity with the tryptophan–

aspartic acid (WD)-repeat consensus sequence and two
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potential trans-regulatory PQ-rich regions. Thus, PREB

belongs to the eukaryotic family of WD-repeat proteins.

The highly conserved WD repeats in PREB exhibit

sequence similarity to a subset of this family that consists

of gene-regulatory proteins.

Human PRL (hPRL) gene expression and secretion are

regulated by various hormones and growth factors,

including dopamine, epidermal growth factor, and thyrot-

ropin-releasing hormone (TRH) [4]. These factors modu-

late different signaling pathways (cyclic adenosine

monophosphate [cAMP], Ca2?, protein kinase C, and

mitogen-activated protein kinases) to regulate hPRL gene

transcription. These second messengers regulate hPRL

gene activity via the proximal promoter region [4–6]. In the

anterior pituitary, TRH binds to its receptor to activate

several intracellular signal transduction pathways. The

combined action of these intracellular signaling transduc-

tion pathways ultimately results in increased transcription

of genes encoding TSH-b, a-subunit, and PRL [5, 7, 8].

Many pituitary proteins are phosphorylated in response to

TRH, protein kinase C (PKC), and Ca2?; however, most

have not been identified [9].

In the present study, we examined the effect of TRH on

PREB expression in pituitary cells. Our results suggest that

PREB is involved in the mechanism underlying the

induction of PRL gene transcription by TRH.

Materials and methods

Cell culture and animals

GH3 cells (Japan Health Sciences Foundation, Osaka,

Japan) were cultured in Ham’s F-10 medium (ICN Bio-

medicals Inc., Aurora, OH) supplemented with 15% fetal

bovine serum and 2.5% horse serum in a humidified

atmosphere containing 5% CO2 as described in a previous

study [10].

Antibodies

An antibody targeting a portion of the PREB protein

sequence, between amino acid residues 330 and 410 [3],

was generated. The corresponding cDNA fragment was

amplified from rat pituitary cDNA by polymerase chain

reaction (PCR). The amplified fragment was cloned into a

pGEX-2T vector (GE Healthcare Bio-Sciences, Bucking-

hamshire, UK) and sequenced, and the protein was

expressed in Escherichia coli. The fusion construct was

isolated using glutathione-Sepharose 4B beads (GE

Healthcare Bio-Sciences, Buckinghamshire, UK) and used

to generate an antiserum in rabbits by a method described

previously [11]. The IgG fraction obtained from the

immunized animals was purified before use in western

blotting and immunohistochemical analysis.

Western blot analysis

GH3 cells were washed and scraped in PBS and lysed

according to a method described previously [12]. The

proteins (15 lg) were separated on a 7.5% sodium dodecyl

sulfate (SDS)-polyacrylamide gel under reducing condi-

tions and subsequently transferred onto polyvinylidene

difluoride membranes for a western immunoblot assay. The

membranes were incubated for 1 h at 4�C with 0.2%

Tween 20 in PBS (PBS-T) containing anti-PREB antiserum

(dilution, 1:250) according to a method described previ-

ously [13], or anti-b-tubulin antibody (Santa Cruz Bio-

technology, CA; diluted to 1/1,000). Antibody binding was

visualized using a chemiluminescence detection kit (ECL;

Amersham Pharmacia Biotech, Buckinghamshire, UK).

Transfection of GH3 cells and luciferase reporter

gene assay

The PRL luciferase reporter gene (pPRL-LUC) was con-

structed using 940 bp from the hPRL promoter linked to

the luciferase reporter gene (PGBV2, ToyoInk, Tokyo,

Japan) as described previously [10]. The mutant plasmid

constructs (pPRL-mt-LUC) carrying mutations in the

consensus binding sequence for PREB were generated as

described previously [3]. A 1005-bp sequence from the

PREB promoter (this region is defined as the start site of

exon 1) was fused with the luciferase reporter gene

(PGBV2; ToyoInk, Tokyo, Japan) to generate the pPREB-

LUC construct, according to a procedure described in

previous reports [3, 10, 12]. The reporter plasmid was

transfected into GH3 cells (at 60% confluence) by using

conventional cationic liposome transfection methods

(Lipofectamine; Invitrogen Life Technologies, Gaithers-

burg, MD). Rous sarcoma virus-b-galactosidase (1 lg) was

added to all the cells that were transfected to monitor their

efficiency of DNA uptake. All assays were corrected for

b-galactosidase activity, and the total amount of protein per

reaction was identical.

Real-time polymerase chain reaction

The PREB cDNA was amplified by PCR performed on a

LightCycler system (Roche Diagnostics). The following

primer sequences for rat PREB were used as described

previously [13]: sense primer, 50-GTCATTTCCTGCCTC

ACT-30 and antisense primer, 50-GTCACATCTGTCACC

ACA-30. A 146-bp fragment was synthesized by PCR using

reverse transcribed RNA. The housekeeping gene glycer-

aldehyde-3-phosphate dehydrogenase (GAPDH) served as
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the control and was amplified and analyzed under condi-

tions identical to those used for PREB cDNA by using

primers described in previous reports. The expression level

of PREB cDNA was determined as the relative ratio (RR) of

the levels of PREB and GAPDH in the same sample.

Stable transfection

The PREB expression vector was transfected into the cul-

tured INS-1 cells by the conventional cationic liposome

transfection method as described previously [14]. The

transfected cells were selected by adding G418 to the

media, and clones showing high PREB production were

identified using western blot analysis.

DNA analysis

The alignment procedure was performed with ‘‘CLUSTAL

W’’ [15] (version 1.83) with its default setting. The refer-

ence genome sequences and their annotations were obtained

from NCBI (National Center for Biotechnology Informa-

tion) accessions NC_005116.2 for rat and NC_0000

06.11 for human. We excised the corresponding upstream

sequences according to the annotations of the reference

genome sequences.

Statistical analysis

The data obtained were statistically compared by using one-

way ANOVA and Student’s t test; differences with P val-

ues \ 0.05 were considered to be statistically significant.

Results

TRH-stimulated PREB expression in GH3 cells

Several reports have indicated that TRH is an important

regulator of PRL gene expression in pituitary cells [9].

Moreover, Fliss et al. have reported that in pituitary cells,

PREB mediates the transcriptional activation of PRL [3].

Therefore, we examined the effect of TRH on PREB

expression in GH3 cells. Figure 1a showed the specificity

of the antibody against PREB. Western blots probed with a

PREB-specific antiserum indicated that the relative abun-

dance of PREB in GH3 cells increased on treatment with

TRH in a dose-dependent manner (Fig. 1a). In contrast, the

basal level of the tubulin was not affected by TRH treat-

ment. Furthermore, the relative abundance of PREB

mRNA also increased after treatment with TRH (Fig. 1b).

These results clearly suggest that TRH-stimulated PREB

expression in GH3 cells.

Effect of TRH on PREB promoter activity in GH3 cells

We tested whether changes in the PREB expression med-

iated TRH induction of the gene by performing transient

transfections of GH3 cells with a reporter gene extending

from –1000 bp to ?5 bp of the PREB promoter (Fig. 2).

TRH-stimulated PREB promoter activity in GH3 cells.

TRH induces the PREB promoter via the PKA pathway

Interaction of TRH with its membrane receptor indicates the

involvement of a signaling pathway. To test this hypothesis,

we used known inhibitors of signaling pathways to disrupt

the TRH induction of PREB promoter activity. We added

compounds known to mitogen-activated extracellular sig-

nal-related kinase (ERK) (10 lM PD98059: PD), protein

kinase C (1 lM bisindolylmaleimide I; Bis), p38 mitogen-

activated protein kinase (MAPK) (1 lM SB203580; SB), or

PKA (1 lM H-89) before exposing the transfected GH3

cells to TRH. The results (Fig. 3) showed that the inhibitors

of ERK kinase, protein kinase C, or p38 MAPK pathways

had no effect on the action of TRH; however, H-89, an

inhibitor of PKA abrogated the induction of PREB by TRH.

These observations suggest that the action of TRH is

mediated via the PKA cascade.

PREB was involved in TRH-induced prolactin gene

transcription

A previous report revealed that the PRL promoter sequence

contains a 4-nucleotide motif (TGAT) corresponding to the

deduced PREB core-binding element (PCBE) of PRL [3].

Figure 4a shows a schematic diagram of PREB-binding

site on the human and mouse PRL gene. On the basis of

this finding, we designed a plasmid construct, namely,

pPRL-mt-LUC, which contained a mutated putative PCBE

sequence (50-GAT-30 to 50-AGC-30). Transfection studies

showed that PREB failed to induce any luciferase activity

in cells that had been transfected with the pPRL-mt-LUC

plasmid; however, it did stimulate luciferase activity in

cells that were transfected with the wild-type pPRL-LUC

plasmid (Fig. 4b). TRH stimulated the activity of the wild-

type PRL promoter (Fig. 4c), whereas mutation in the

PCBE reduced the ability of TRH to stimulate the PRL

promoter activity. However, Pit-1 still stimulated the

activity of mutant-type PRL promoter (Fig. 4d). These

results suggest that the intact PCBE motif is required for

TRH-induced PRL promoter activity.
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Discussion

In a recent study, PREB cDNA was isolated from a rat

pituitary cDNA library, and the protein product was shown

to transactivate PRL promoter activity [3]. PREB mRNA

transcripts were present not only in the pituitary, but also in

the pancreas and the adrenal gland. In a recent study, we

reported that PREB might participate in the regulation of

insulin gene transcription in response to glucose stimula-

tion and in steroidogenesis [12–14]. In this report, we

examined the effect of TRH on PREB expression in GH3

cells. We observed that TRH-stimulated PREB protein and

mRNA expression in GH3 cells. These results are consis-

tent with the hypothesis that PREB is involved in TRH-

induced PRL expression.

The pituitary-specific transcription factor, Pit-1, regu-

lates the expression of growth hormone, thyroid-stimulat-

ing hormone, and PRL in the anterior pituitary [16]. Pit-1

can stimulate the activity of the PRL promoter by binding

to the 1P motif [17]. PREB protein is encoded by a 1.9-kb

transcript, which was shown to bind directly to the 1P site

of the PRL promoter [3]. Analysis of the primary sequence

of PREB revealed that it is a novel protein distinct from the

Pit-1 sequence. The highly conserved WD repeats within
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Fig. 1 Effects of TRH on PREB expression in GH3 cells. a The

specificity of the antibody against PREB. Nuclear extract from the

cells was extracted and subjected to western blot analysis with the

antibody against PREB. Lane C: empty vector, pcDNA3 transfected

cells. Lane P: PREB-transfected cells. b The nuclear extract obtained

from GH3 cells treated with the indicated concentrations of TRH

(nM). Western blot analysis was performed to examine PREB

expression. b-Tubulin was used as the control; the results are shown

in the bottom lanes. A plot showing the ratio of the PREB level to

b-tubulin level is shown in the bottom panel. Results are presented as

the mean (SE) of three independent experiments. The asterisk denotes

a significant difference (P B 0.05). C) Total RNA was extracted from

the GH3 cells treated with the indicated concentrations of TRH (nM)

for 24 h. Real-time PCR was performed to analyze the PREB mRNA

expression. Plot shows the ratio of PREB/GAPDH mRNA. Results

shown are mean ± SEM of three experiments for each treatment

group. The asterisk denotes a significant difference (P B 0.01)
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PREB exhibit sequence similarity with a subset of this

family consisting of proteins that act as gene regulators

[18]. PREB affects transcriptional regulation in a manner

quite different from that of other members of the WD-

repeat protein family because PREB can stimulate gene

expression by directly binding to DNA [3]. The treatment

of GH3 rat pituitary cells with activators of either PKA or

protein kinase C stimulated Pit-1 phosphorylation [19]; this

suggests that Pit-1 phosphorylation mediates many hor-

monal responses that are localized to PRL promoter Pit-1

binding sites. However, some reports state that a number of

these responses do not require Pit-1 phosphorylation [2, 20,

21]; this implies that factors other than Pit-1 are required

for the regulation of PRL gene expression directed by

binding sites for Pit-1. PREB represents a novel evolu-

tionarily conserved transcription factor that may contribute

to the regulation of PRL expression in the anterior

pituitary.

Several of the hormones which regulate PRL transcrip-

tion appear to act through changes in the activity of specific

protein kinases. For instance, there is evidence that the

effects of dopamine on PRL expression are mediated by

intracellular changes in the concentration of cAMP [22],

which leads to changes in the activity of the cAMP-

dependent protein kinase. The ability of specific protein

kinases to alter PRL transcription has been confirmed

through the use of expression vectors encoding constitu-

tively active protein kinases. Thus, the expression vector

for the catalytic subunit of the cAMP-dependent protein

kinase is sufficient for the activation of PRL transcription

[23]. The importance of cAMP-dependent protein kinase

for PRL expression has also been demonstrated using an

expression vector for the heat-stable inhibitor of cAMP-

dependent protein kinase [24].

Previous reports indicate that PREB can mediate PKA

stimulation of the PRL promoter activity [3], and therefore

suggest that this protein is involved in cAMP-mediated

transcriptional responses. In this study, we showed that

PKA inhibitor repressed TRH-induced PREB promoter

activity. The activation of PREB via PKA-mediated

phosphorylation could be a possible example for this

function of PREB. Although it has not been determined

whether PREB can serve as a PKA substrate either in vitro

or in vivo, the predicted sequence of this protein contains a

number of motifs that resemble PKA phosphorylation

consensus sites [25]. Further studies are required to eluci-

date the specific regulatory mechanisms that underlie the

regulation of PREB gene transcription by TRH.

In summary, we have shown that TRH stimulates PREB

expression in GH3 cells via the PKA pathway. PREB can

function as a transcriptional regulator of PRL promoter

activity. PREB, like Pit-1, might be involved in TRH-

induced PRL transcription. Further investigations are nec-

essary to elucidate a possible physiological role of PREB in

anterior pituitary cells.
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Fig. 2 Effect of TRH on PREB promoter activity: GH3 cells were

co-transfected with 1 lg of pPREB-LUC, and then treated with

100 nM TRH. All assays were corrected for b-galactosidase activity

and equal total amounts of protein per reaction were employed. The

results are expressed as relative luciferase activities with that of

control cells arbitrarily set at 100. Each data point shows the mean

and SE (n = 3) of separate transfections. The asterisk denotes a

significant difference (P \ 0.01)
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Fig. 3 Effect of PKA inhibitor on TRH-induced PREB transcription.

GH3 cells were transfected with 1 lg pPREB-LUC and treated with

100 nM TRH for 24 h prior to cell harvesting. The effects of the PKC

inhibitor (Bis), p38-MAPK inhibitor (SB), ERK inhibitor (PD), and

PKA inhibitor (H-89) on PREB transcriptional activity in GH3 cells

were examined with 100 nM TRH. All assays were corrected for

b-galactosidase activity, and the total amount of protein in each reaction

was identical. The results were expressed as relative luciferase activity

compared with that in the control cells arbitrarily set at 100. Each data

point shows the mean ± SE of four separate transfections that were

performed on separate days. The asterisk denotes the significant

difference (P \ 0.01). N.S. no significant difference

Endocr (2010) 38:53–59 57



References

1. B. Andersen, M.G. Rosenfeld, J. Biol. Chem. 269, 29335–29338

(1994)

2. Y. Okimura, P.W. Howard, R.A. Maurer, Mol. Endocrinol. 8,

1559–1565 (1994)

3. M.S. Fliss, P.M. Hinkle, C. Bancroft, Mol. Endocrinol. 13, 644–

657 (1999)

4. V. Goffin, N. Binart, P. Touraine, P.A. Kelly, Annu. Rev.

Physiol. 64, 47–67 (2002)

5. H.P. Elsholtz, H.J. Mangalam, E. Potter, V.R. Albert, S. Supowit,

R.M. Evans, M.G. Rosenfeld, Science 234, 1552–1557 (1986)

6. M. Berwaer, B. Peers, A.M. Nalda, P. Monget, J.R. Davis,

A. Belayew, J.A. Martial, Mol. Cell. Endocrinol. 92, 1–7 (1993)

7. M.A. Shupnik, S.L. Greenspan, E.C. Ridgway, J. Biol. Chem.

261, 12675–12679 (1986)

8. K. Murao, H. Imachi, X. Yu, W.M. Cao, H. Tokumitsu,

H. Inuzuka, N.C.W. Wong, M.A. Shupnik, R. Kobayashi,

T. Ishida, Endocrinology 145, 4846–4852 (2004)

9. M.A. Shupnik, E.C. Ridgway, W.W. Chin, Endocr. Rev. 10, 459–

475 (1989)

10. H. Namihira, M. Sato, M. Murao, W.M. Cao, S. Matsubara,

H. Imachi, M. Niimi, H. Dobashi, N.C.W. Wong, T. Ishida,

J. Mol. Endocrinol. 29, 297–304 (2002)

0

100

200

   
   

(%
 o

f 
co

nt
ro

l)

mock PREB mock PREB

* N.S

0

50

100

150

200

250

A B

C D

   
   

   
   

(%
 o

f 
co

nt
ro

l)

*
**

*

wild PRL mutant PRL wild PRL mutant PRL

control TRH control TRH
0

100

200

300

   
   

   
(%

 o
f 

co
nt

ro
l)

mock Pit-1 mock Pit-1

* *

Fig. 4 Role of PREB on TRH-induced PRL promoter activity. a An

alignment showing motifs’ conservation between human and rat. An

alignment is constructed using the human and rat reference genome

sequences that each spans the first codon (ATG) and its 200-bp

upstream stretch of the prolactin gene. An asterisk indicates a

matched nucleotide site between human and rat. A conserved PREB-

binding motif is marked with underlined characters, and a conserved

Pit-1-biding motif with double underlined characters. The both

motifs are shown to reside within a highly conserved region. b, c Site-

directed mutagenesis of the PREB-binding site on PRL promoter

region abrogates the response to PREB (b) or TRH (c). The binding

site was disrupted by altering three base pairs in the PREB-binding

site of the wild-type plasmid construct pPRL-LUC (wild PRL) to

create the mutant plasmid construct pPRL-mt-LUC (mutant PRL) as

described in ‘‘Materials and methods’’ section. All assays were

corrected for b-galactosidase activity and equal total amounts of

protein per reaction were employed. The results are expressed as

relative luciferase activities with that of control cells arbitrarily set at

100. Each data point represents the mean ± SEM of three indepen-

dent transfections. The asterisk denotes a significant difference

(** P \ 0.01, * P \ 0.05). N.S. no significant difference. d Cells

were transfected with the reporter genes containing, pPRL-LUC or

pPRL-mt-LUC with Pit-1 expression vector (Pit-1) or empty vector

(mock); the promoter activity was determined by luciferase assay. All

assays were corrected for b-galactosidase activity and total amounts

of protein per reaction were identical. The results are expressed as

luciferase activities relative to those of control cells arbitrarily set at

100. Each data point shows mean ± SE (n = 3) of separate

transfections (P B 0.05)

58 Endocr (2010) 38:53–59



11. K. Murao, V. Teraptca, S.R. Green, K. Kondratenko, D. Stein-

berg, O. Quenquenberger, J. Biol. Chem. 272, 17551–17557

(1997)

12. K. Murao, H. Imachi, X. Yu, W.M. Cao, T. Muraoka, H. Dobashi,

N. Hosomi, R. Haba, H. Iwama, T. Ishida, Endocrinology 149,

6103–6112 (2008)

13. H. Imachi, K. Murao, W.M. Cao, T. Muraoka, T. Nishiuchi,

H. Dobashi, N. Hosomi, H. Iwama, T. Ishida, Biochem. Biophys.

Res. Commun. 376, 531–535 (2008)

14. S. Ohtsuka, K. Murao, H. Imachi, W.M. Cao, X. Yu, J. Li,

H. Iwama, N.C. Wong, C. Bancroft, T. Ishida, Diabetologia 49,

1599–1607 (2006)

15. J.D. Thompson, D.G. Higgins, T.J. Gibson, Nucleic Acids Res.

22, 4673–4680 (1994)

16. K.M. Scully, E.M. Jacobson, K. Jepsen, V. Lunyak, H. Viadiu,

C. Carrière, D.W. Rose, F. Hooshmand, A.K. Aggarwal, M.G.

Rosenfeld, Science 290, 1127–1131 (2000)

17. H.A. Ingraham, S.E. Flynn, J.W. Voss, V.R. Albert,

M.S. Kapiloff, L. Wilson, M.G. Rosenfeld, Cell 61, 1021–1033

(1990)

18. E.J. Neer, C.J. Schmidt, R. Nambudripad, T.F. Smith, Nature

371, 297–300 (1994)

19. M.S. Kapiloff, Y. Farkash, M. Wegner, M.G. Rosenfeld, Science

253, 786–789 (1991)

20. D.J. Fischberg, X.H. Chen, C. Bancroft, Mol. Endocrinol. 8,

1566–1573 (1994)

21. P.W. Howard, R.A. Maurer, J. Biol. Chem. 269, 28662–28669

(1994)

22. R.A. Maurer, Endocrinology 110, 1957–1963 (1982)

23. R.A. Maurer, J. Biol. Chem. 264, 6870–6873 (1989)

24. R.N. Day, J.A. Walder, R.A. Maurer, J. Biol. Chem. 264, 431–

436 (1989)

25. P.J. Kennelly, E.G. Krebs, J. Biol. Chem. 266, 15555–15558

(1991)

Endocr (2010) 38:53–59 59


	The transcription factor prolactin regulatory element-binding protein mediates prolactin transcription induced by thyrotropin-releasing hormone in GH3 cells
	Abstract
	Introduction
	Materials and methods
	Cell culture and animals
	Antibodies
	Western blot analysis
	Transfection of GH3 cells and luciferase reporter gene assay
	Real-time polymerase chain reaction
	Stable transfection
	DNA analysis
	Statistical analysis

	Results
	TRH-stimulated PREB expression in GH3 cells
	Effect of TRH on PREB promoter activity in GH3 cells
	TRH induces the PREB promoter via the PKA pathway
	PREB was involved in TRH-induced prolactin gene transcription

	Discussion
	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


