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SUMMARY 

The internal signals that regulate fecundity are generally not well described. Overt 

developmental and/or functional changes are controlled at the molecular and cellular levels of 

biological organization. Therefore, changes in gene expression profile as a result of hormonal 

exposure and the subsequent molecular processes that lead to developmental, functional and 

physiological changes may be used as quantitative molecular markers for cellular, 

physiological, developmental and reproductive effects in an organism. Additionally, the 

identification of hormonal responsive genes and their expression patterns as a result of 

hormonal influence are of vital importance in order to shed light on the underlying 

mechanisms of these fundamental processes of reproduction.  

Despite the fact that hormonal effects on the growth of previtellogenic oocytes might 

involve several cascades of physiological events, observations in fish and mammals point to a 

pivotal role of androgens. The objectives of the present work implied the identification and 

sequencing of a number of androgen responsive genes in the previtellogenic Atlantic cod 

(Gadus morhua) ovary using the analytical power of suppressive subtractive hybridization 

(SSH). Subtracted clones were arrayed, preserved and applied in gene expression profiling.  

The present study demonstrates, for the first time, that androgens (particularly the non-

aromatizable androgen, 11-ketotestosterone; 11-KT) can induce ovarian development in 

immature female Atlantic cod, adding further evidence to our hypothesis that androgens are 

involved in the regulation of previtellogenic oocyte growth and development in this species. 

In general, both 11-KT and testosterone (T) are capable of inducing oocyte growth, with the 

former hormone being the strongest modulator. In addition, we also presented the 

identification, sequencing and the expression patterns of a number of androgen responsive 

transcripts in the previtellogenic cod ovary. A targeted cod array (CodArray) consisting of 

subtracted clones with unique expression patterns that were either up or down regulated, after 

in vitro androgen exposure of previtellogenic ovarian tissues was constructed. The parallel 

expression patterns of candidate genes involved in steroidogenesis and oocyte growth control, 

add further information on how androgenic action may produce advances in previtellogenic 

oocyte growth. We believe the novel roles of androgens as promoters of ovarian growth and 

development presented in this study will be beneficial for the aquaculture industry and for 

breeding of new captive and endangered species. It can also form the basis for the 

development of useful models in fisheries management. Differentially expressed genes may 

form an integral link with quantifiable environmental variables (e.g. food availability and 

growth rates). In general, our findings form the basis for generating more hypotheses for 

further detailed studies and for deduction of evolutionary relatedness in androgen control of 
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early oocyte growth in vertebrates. Therefore, these findings may have significant economic 

benefit for predictive ecological models, particularly with respect to the noticeable and 

worldwide declining cod stock. 
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INTRODUCTION 

Teleost fish represent the most extensive group of vertebrates, comprising over 29,000 species. 

Teleosts display a diverse variety of reproductive strategies, based on energy requirement, 

mating behavior, gamete structures, and the specificity of recognition molecules on the 

surface of sperm and eggs. Despite this, reproductive development in all species is a 

continuous process throughout ontogeny that is controlled by several hormonal and 

biochemical pathways and second messengers. Therefore, reproductive events are susceptible 

to endogenous substances at all stages of the life-cycle, including early development, 

gametogenesis, fertilization, embryonic development, sex differentiation, oogenesis or 

spermatogenesis, final maturation, ovulation or spermiation, and spawning. Thus, the 

sensitivity to a particular hormone or other endogenous biomolecules will vary depending on 

the stage of reproductive development. In teleosts, environmental changes, such as 

photoperiod and water temperature provide signals that are received by the central nervous 

system. These signals lead to oocyte growth and maturation that are regulated by pituitary 

gonadotropins and ovarian sex steroids. 

 

Gametogenesis 

Gametogenesis in oviparous vertebrates is a fundamental aspect of reproduction, resulting in 

the development and ovulation of yolky eggs that provide necessary nutrients for embryonic 

development. Oocytes in all teleost fish undergo the same basic growth pattern: oogenesis, 

primary oocyte growth, cortical alveolus stage, vitellogenesis, maturation and ovulation 

(Figure 1, Tyler and Sumpter 1996). Ovarian development in most teleost fish has been 

classified as synchronous or asynchronous, depending on the growth pattern of the oocytes at 

a particular time (Scott 1987). Thus, asynchronous batch spawners (e.g. the Atlantic cod) have 

ovaries in which eggs are recruited from a heterogenous population of developing oocytes and 

are subsequently ovulated in several batches during each spawning season (Scott 1987). The 

fish ovary consists of numerous ovigerous folds extending from the ovarian wall towards the 

centre of the ovary. The oogonia are formed by mitosis in the vicinity of the luminal 

epithelium, and are recognized as small nests of diploidic, mitotic cells dispersed within the 

ovary connective tissue (Grier 2000). Oogenesis commences when oogonia are transformed 

into primary (previtellogenic) oocytes arrested in meiotic prophase I, and each oocyte is 

generally surrounded by a covering layer comprising somatic granulosa and theca cells 

separated by a basement lamina, an inner sublayer and an outer epithelium layer (Kjesbu and 

Kryvi 1989). The inner acellular enveloping layer has traditionally been referred to as the 

zona radiata, zona pellucida or chorion vitelline envelope (Tyler and Sumpter 1996), and the 
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term zona radiata (ZR) will be used in the present work (Arukwe and Goksøyr 2003). During 

oocyte development, the zona pellucida proteins (ZPs) are deposited at this position. These 

ZP proteins are synthesized by the liver under estrogenic induction at almost the same time as 

vitellogenin (Vtg) (Celius and Walther 1998). However, recent data have demonstrated that 

ZP proteins may originate from the oocyte itself, at least in some teleost species (Chang et al. 

1997; Chang et al. 1996). The granulosa cells secrete the basement lamina and are involved 

(together with thecal cells) in sexual steroidogenesis during oocyte growth and maturation 

(Nagahama et al. 1995).  

 

Previtellogenesis 

During the previtellogenic phase (i.e. preceding the entry of yolk precursors into the oocyte), 

the oocytes of a typical teleost fish may increase at least 10-fold in diameter (from about 10-

15 µm to over 150 µm). An extensive synthesis of RNA, mRNA coding for Vtg receptor 

(VtgR) and accumulation of mitochondria, polyribosomes and lipids are all characteristics of 

previtellogenesis (Mommsen and Walsh 1988). In addition, an increase in nucleoli, due to a 

significant amplification of nucleolar organizer genes is observed (Le Menn et al. 2007). 

Distinct cytoplasmic structures, referred to as cortical alveoli, can be observed in the 

advanced previtellogenic oocytes of most teleost fish. The contents of the cortical alveoli 

(glycoproteins and accociated enzymes) serve to harden the zona radiata after ovulation and 

prevent polyspermy (Kitajima et al. 1994). Lipid droplets often appear in oocytes during the 

cortical alveolus stage. At the terminal end of the previtellogenic growth phase, the oocyte 

contains all the molecules and organelles required for subsequent endocytic and exocytic 

activities during vitellogenesis (Le Menn et al. 2007). 

 

Vitellogenesis  

Vitellogenesis is the synthesis and subsequent uptake of Vtg in oocytes and is the main event 

responsible for the enormous growth of the oocyte in most teleost, resulting in a 50- to 100-

fold increase in the GSI (gonadosomatic index = gonad weight/(body weight – gonad weight) 

x 100) (Tyler and Sumpter 1996). Oocytes generally need to reach a certain size threshold 

before they enter vitellogenesis and uptake of Vtg is initiated. Vtg is a bulky (MW; 250-600 

kDa) and complex calcium-binding phospholipoglycoprotein, synthesized in liver in response 

to circulating estrogens (Arukwe and Goksøyr 2003 and references therein). After its hepatic 

synthesis, Vtg is secreted into the bloodstream and transported to the ovary, where it is taken 

up by growing oocytes through receptor-mediated endocytosis (Mommsen and Walsh 1988; 
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Tyler and Sumpter 1996). These specific oocyte Vtg receptors are clustered in clathrin-coated 

pits.  

 

A 

B 

C 

D E 

F G H 

Figure 1. Schematic drawings and micrographs of histological characteristics in cod oogenesis. (A) 

perinuclear stage oocyte with large circular nucleus and peripheral nucleoli. (B) Circumnuclear ring 

stage, nucleus still with attached nucleoli. (C) Oocyte with cortical alveoli, thin chorion, nucleus with 

detached nucleoli. (D)-(E) Vitellogenic oocyte with yolk granules. (F)-(G) Hydrated egg. (H) 

Postovulatory follicle. Ca; cortical alveoli, ch; chorion, cnr; circumnuclear ring, ct; connective tissue, 

f; follicle, n; nucleus, nu; nucleolus, yg; yolk granules. Modified from Tomkiewicz et al. (2003).    
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After entering the oocyte, Vtg is transformed into lipovitellins and phosvitins by golgian 

lysosomes (Carnevali et al. 1999). Together, these yolk proteins constitute the energy sources 

and the building substrates for early development of the embryo (Tyler and Sumpter 1996) 

and can be observed as yolk granules in the oocyte cytoplasm (Kjesbu and Kryvi 1989). Also, 

the cortical alveoli become less spherical and begin to acquire their final location at the oocyte 

cortex, and the ratio nucleus/oocyte volume and the total number of nucleoli are reduced 

relative to previtellogenic growth phase. As for the surrounding events, the ZR becomes 

further developed, and can be observed as a striated, two-layered structure (Oppen-Berntsen 

1990). As the oocyte approaches the end of vitellogenesis, the outer ZR layer becomes porous, 

and the follicle cells show a cuboidal morphology (Kjesbu and Kryvi 1989). The oocyte is 

now prepared for the next phase of oogenesis, namely, the final maturation. 

 

Final maturation 

During the final maturation phase, which transforms the oocyte into a large yolky haploid egg 

ready for ovulation and fertilization, the oocyte resumes meiosis. This event is accompanied 

by a number of maturational processes in the nucleus and cytoplasm of the oocyte (Caussanel 

and Breuzet 1977; Nagahama et al. 1993). These include chromosome condensation, the 

migration of the oocyte nucleus (germinal vesicle, GV) to the animal pole with the subsequent 

germinal vesicle breakdown (GVBD) and formation of the first polar body (Nagahama et al. 

1993 and references therein). Finally, meiosis is once again arrested, this time in metaphase II. 

The egg is now mature, and can undergo embryonic development if fertilized. 

 

Endocrine regulation of oocyte growth and maturation 

Generally, there is limited information available about the mechanisms that control oocyte 

growth and development in teleosts and other animal species. In contrast, a vast number of 

earlier studies have addressed ovarian physiology in teleost fish, using classical biochemical 

and histological tools. For example, oogenesis in Atlantic cod has been thoroughly 

investigated (Dahle et al. 2003; Kjesbu and Kryvi 1989; Kjesbu et al. 1996). In other words, 

while the developmental events, and in particular the vitellogenic process, occurring in a 

growing oocyte have been well described, essentially nothing is known about the underlying, 

fundamental molecular mechanisms that promote and regulate these events, especially in 

oocytes at previtellogenic growth phase. Given that female fecundity and egg size seem to be 

largely determined during previtellogenesis in rainbow trout and salmon (Bromage et al. 1992; 

Campbell et al. 2006; MacKenzie et al. 1998) this still represents a strong gap in our 

knowledge of fish endocrine and reproductive physiology. Nevertheless, the endocrine 
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regulation of vitellogenesis and oocyte maturation has been subject to systematic 

investigation, and is outlined in the following sections.  

 

Hormonal regulation of oocyte growth  

Oocyte growth and development is mainly regulated by the endocrine system (Nagahama 

1994). According to established theories, environmental factors (e.g. photoperiod and water 

temperature) provide necessary cues that are perceived by the central nervous system (CNS) 

that initiate the oocyte developmental processes. In response, gonadotropin-releasing hormone 

(GnRH) is secreted from hypothalamus, which in turn will stimulate the release of 

gonadotropins (GtHs) from the pituitary (Figure 2). It has been demonstrated that fish 

pituitaries, like those of other vertebrates, secrete two GtH species, that were recently 

designated as follicle-stimulating hormone (FSH) and lutenizing hormone (LH). While FSH is 

mainly involved in the vitellogenic process, LH plays a role in final oocyte maturation and 

ovulation (Arukwe and Goksøyr 2003; Nagahama 1994). In accordance, plasma levels of FSH 

show an extended increase during vitellogenesis, while plasma levels of LH remain low 

throughout vitellogenesis and are elevated dramatically during spawning. It is well established 

that the vitellogenic process is regulated by estradiol-17β (E2) synthesized by the ovary under 

the direct control of GtHs in a process generally regarded as the hypothalamus-pituitary-

gonadal-liver (HPGL) axis (Senthilkumaran et al. 2004 and references therein). To outline the 

production of different steroid hormones, a two-cell model has been proposed by Nagahama 

(1997). According to this model, circulating GtHs (probably FSH) stimulate the outer thecal 

cells by a receptor-mediated adenylate cyclase-cAMP cascade. The thecal cells respond by 

producing and secreting androgens (testosterone; T), which diffuse into granulosa cells, where 

they are converted into E2 (Figure 3). E2 will subsequently stimulate the hepatic production 

of Vtg, which is incorporated in growing oocytes as outlined above. GtH secretion is 

regulated through a feedback mechanism by E2 and T (Peter and Yu 1997). Several other 

feedback mechanisms, long loops stimulating the CNS as well as short feedback loops within 

the ovary itself, seem to operate in the entire process (Young et al. 2005 and references 

therein). 

 

 Hormonal regulation of oocyte maturation 

The endocrine control of oocyte maturation has also been thoroughly studied in fish, and it is 

well established that oocyte maturation in fish is regulated by three main hormonal mediators, 

namely GtH, maturation-inducing hormone (MIH) and maturation-promoting factor (MPF) 
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(Nagahama 1994; Nagahama 1997). In accordance with the hormonal control of oocyte 

growth, GtH (probably LH) secreted from the pituitary stimulates the production of MIH in 

the granulosa cells (Figure 3). Two compounds have been identified as naturally occurring 

MIHs in teleost fish, namely the C21 steroids 17,20β-dihydroxy-4-pregnen-3-one (17,20β-P) 

and 17,20β,21-trihydroxy-4-pregnen-3-one (20β-S) (Suwa and Yamashita 2007). Similarly, it 

FSH 
LH 

Figure 2. The coordinated action of the hypothalamus-pituitary-gonadal-liver axis during oogenic 

protein synthesis in female teleosts. The HPGL axis is thought to be regulated mainly through the 

negative feedback mechanism by estradiol-17β. Abbreviations: GnRH; gonadotropin-releasing 

hormone, FSH; follicle-stimulating hormone, LH; lutenizing hormone, Vtg; vitellogenin, Zrp; zona 

radiata protein. Illustration modified from Arukwe and Goksøyr (2003). 
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has been demonstrated that 17,20β-P levels are very low during vitellogenesis and sharply 

increase in mature and ovulated females (Young et al. 1983). The MIH in cod has not been 

identified yet (Kjesbu et al. 1996). MIH produced in the granulosa cells will subsequently 

initiate the formation of MPF by interacting with a membrane-bound receptor on the oocyte 

membrane surface (Zhu et al. 2003a; Zhu et al. 2003b). The MIH signal received on the 

oocyte surface is transduced to the cytoplasm by a G-protein-coupled reaction, finally 

resulting in the formation and activation of MPF. It has been demonstrated that MPF exhibits 

a unique molecular structure as a complex of cdc2 and Cyclin-B (Suwa and Yamashita 2007). 

MPF will subsequently induce oocyte maturation events such as chromosome condensation 

and GVBD.       

 

 

 

Cholesterol 

Pregnenolone 

Progesterone 

17α-Hydroxy 
progesterone 

Androstenedione 

Testosterone 

20β-HSD 

P450arom 
Estradiol 
-17β 

Maturation  
inducing  
hormone  
(MIH) 

Thecal cell Granulosa cell 

Oocyte 
maturation 

Oocyte 
growth 

Figure 3. Two-cell type model. Schematic representation of shift in steroidogenesis in 

ovarian follicles. Modified from Senthilkumaran et al. (2004). 
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Gonadal steroidogenesis 

Integral aspects of fish reproduction are regulated at the molecular level by sex steroid 

hormones, and teleost fish produce a number of bioactive gonadal steroids, including 

androgens, estrogens and progestogens. Steroid hormones are known to be involved in a 

number of physiological functions such as sexual differentiation, ion and carbohydrate 

homeostasis, adaptation to stress, immune system functioning and reproduction (Dean and 

Sanders 1996). The synthesis and regulation of steroid hormones involve an array of enzymes 

and potential biochemical pathways (Figure 4). Nevertheless, all steroid hormones have 

cholesterol as a common precursor, and they have also the same initial enzymatic step, the 

cleavage of a six-carbon side chain by cytochrome P450 side chain cleavage (P450scc), an 

enzyme situated in the inner mitochondrial membrane. In general, cellular cholesterol 

deposited in the outer mitochondrial membrane, lipid droplets or plasma membranes of 

steroidogenic cells must be delivered to the inner mitochondrial membrane before further 

enzymatic conversions can take place. The delivery of cholesterol to P450scc is meditated by 

the steroidogenic acute regulatory (StAR) protein, and this process serves as the rate-limiting 

step in steroidogenesis (Stocco 2000; Stocco 2001; Stocco et al. 2005). This step is rate-

limiting because the hydrophobic cholesterol cannot traverse the aqueous intermembrane 

space of the mitochondria and reach P450scc rapidly enough by simple diffusion to support 

acute synthesis (Stocco 2001). The StAR protein is rapidly synthesized as a 37 kDa precursor 

phosphoprotein in response to the tropic hormone activation of cAMP protein kinase A 

intracellular signalling pathways (Artemenko et al. 2001; Clark et al. 1994; Stocco 2000). 

This cytosolic precursor protein is short-lived and is cleaved to the more long-life 30 kDa 

form which is the effective mediator of cholesterol transfer (Artemenko et al. 2001). 

 

Pregnenolone, in turn, serves as a substrate for cytochrome P450 17-hydroxylase / C17-20lyase 

(CYP17). As stated above, E2 is produced during oocyte growth while 17,20β-P is produced 

during oocyte maturation. Thus, a distinct shift from E2 to 17,20β-P occurs in ovarian 

follicles immediately prior to oocyte maturation (Senthilkumaran et al. 2004). In fish, the 

regulation of CYP17 may be a key mechanism in controlling this shift in the steroidogenic 

pathway from the production of androgens/estrogens to progestogens in the prematurational 

phase (Senthilkumaran et al. 2004; Young et al. 2005). Other studies have suggested that 20β-

hydroxysteroid dehydrogenase (20β-HSD), the enzyme responsible for the subsequent 

conversion of 17α-hydroxyprogesterone to functional MIH functions as a key enzyme to 

initiate maturational events (Senthilkumaran et al. 2002, Figure 4). 
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The lyase activity of CYP17 gives rise to the androgens dehydroepiandrosterone (DHEA) or 

androstenedione, which in turn can be metabolized into the main C-19 androgenic steroids 

testosterone (T) and 11-ketotestosterone (11-KT, see Figure 4). Traditionally, androgens have 

been associated with male development, stimulating spermatogenesis as well as secondary 

male sexual characters. However, significant amounts of androgens such as T and 11-KT 

circulate in the blood of most female teleost fish (Borg 1994; Lokman et al. 2002). More 

specifically, 11-KT is generally believed to be the most potent or active male-specific 

androgen in teleost fish, but has been found at elevated levels in some female teleosts 

(Leatherland et al. 1982; Slater et al. 1994). It is known that aromatizable (T) and non-

aromatizable (11-KT) androgens may have strikingly different effects (Borg 1994), and this 

has led to speculations whether androgens are produced solely as precursors during estrogen 

synthesis or if they represent true ovarian hormones (see section on study outline and 

objectives). Indeed, it has been demonstrated that androgens can induce vitellogenic responses 

in teleost fish (Hori et al. 1979; Le Menn et al. 1980; Mori et al. 1998; Peyon et al. 1997). 

Furthermore, recent studies have suggested the potential role of 11-KT as a promoter of 

oocyte development in previtellogenic ovaries (Lokman et al. 2007; Rohr et al. 2001). 

Whether these responses are mediated by androgens to the estrogen receptor rather than 

through androgen receptors themselves as observed in Gobius niger (Le Menn et al. 1980) 

remains to be elucidated. 

 

The third group of sex steroids, the estrogens, are synthesized from the androgenic precursors 

via an aromatization step mediated by cytochrome P450 aromatase (CYP19 or P450arom, see 

Figure 4). Thus, P450arom is considered the rate-limiting enzyme responsible for regulating 

local and systemic estrogen levels. Several types of estrogens are naturally present in most 

teleost fish (Cheshenko et al. 2008). However, E2 is the major estrogen in female teleosts 

(Arukwe and Goksøyr 2003), and has traditionally been associated with female reproductive 

and developmental processes. By far, the best documented estrogen-dependent phenomenon 

in fish is the hepatic synthesis of Vtg (vitellogenesis) during oocyte growth (see section on 

hormonal regulation of oocyte growth). However, recent studies indicate that estrogens may 

play an important role in male reproduction by simulating proliferation of gonial stem cells 

(Miura et al. 1999). 
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Figure 4. The steroidogenic pathway in the gonads of teleost fish.
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Steroid hormone mode-of-action (MOA) 

After synthesis, steroid hormones are not normally stored in the cell cytoplasm, but they 

diffuse out of the cell and act by binding to specific receptors. Since steroid hormones exert 

their biological effects only in the free and not in the bound form, plasma steroid-binding 

proteins may serve to buffer free steroid concentrations in conditions of high steroid turnover, 

thus obviating time consuming de novo synthesis (Mommsen and Walsh 1988). The gonad is 

the main site of sex steroid hormone synthesis as well as a major target for sex hormones. In 

general, sex hormones mediate their actions via two main mechanisms; the classic, genomic 

actions involving binding to and activation of specific intracellular nuclear receptors, as well 

as rapid, nongenomic actions initiated at the cell surface through membrane receptors (Figure 

5, Aranda and Pascual 2001; Cheshenko et al. 2008; Falkenstein et al. 2000). The genomic 

actions of steroid hormones involve the modulation of gene transcription and protein synthesis, 

and are usually slow, taking hours to days to complete. In contrast, nongenomic actions of 

steroid hormones are mediated via receptors on the cell surface, and cellular modulations are 

generally rapid, activating intracellular signalling pathways within seconds (Thomas et al. 

2007). 

 

Classical or genomic steroid action  

Nuclear receptors are grouped into a large superfamily and are thought to be evolutionarily 

derived from a common ancestor (Aranda and Pascual 2001). These receptors function as 

ligand-dependent transcription factors and regulate gene expression by binding to palindromic 

hormone responsive elements (HREs) at the DNA, usually located in the regulatory region 

upstream of receptor controlled genes (Aranda and Pascual 2001; Sabo-Attwood et al. 2004). 

Sex steroids regulate the expression of a battery of genes in a network-like manner, and 

initiate complex events involved in most aspects of vertebrate development (Falkenstein et al. 

2000 and references therein). It is believed that the lipophilic steroid hormones enter their 

target cells by simple diffusion, although an active transmembrane transport has been 

suggested (Allera and Wildt 1992). In their unbound state, most sex steroid receptors are 

located in the nucleus at equilibrium, and are associated with a complex of chaperone proteins 

that include heat shock protein 90 (hsp90) (Defranco 2000; Pratt and Toft 1997). Upon ligand 

binding, the receptor will dissociate from the chaperone complex, dimerize with another 

receptor and subsequently bind to the HRE. Steroid receptors almost exclusively bind as 

homodimers to the HRE, however, receptors can also bind as heterodimers or monomers 

(Aranda and Pascual 2001). The recruitment of transcriptional co-factors and RNA 

polymerase initiate the mRNA transcription (Matthews and Gustafsson 2003). Finally, mRNA  
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is translated into polypeptides and modified into active proteins. The classical example of E2-

stimulated oogenic protein synthesis described earlier is presented in figure 6. Although most 

previous studies have focused on transcriptional activation by binding of sex steroid nuclear 

receptors to positive HREs, nuclear receptor can also repress gene expression in a ligand-

dependent manner (Aranda and Pascual 2001). Nuclear receptors can also modulate gene 

expression without binding to a HRE. This process involves positive or negative interactions 

Steroid 

Steroid 

Membrane  
receptor 

Nuclear  
receptor 

Crosstalk 

Transcription 

Nongenomic 
2nd messengers 

2 

1 

Figure 5. Nuclear (1) and membrane (2) signaling by sex steroids. (1)After ligand binding, the receptor 

regulates transcription by binding to hormone responsive elements usually located in the regulatory 

region of target genes. (2) Alternatively, steroids can exert their effects on the cell via non-genomic 

second messenger cascades initiated at the cell surface.  
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with other transcription factors, a mechanism generally referred to as transcriptional cross-talk 

(Gottlicher et al. 1998). 

 

 

 

 

Genomic effects of E2 are mediated by estrogen receptors (ERs). ERs have been cloned and 

characterized in several teleost species, and three ER isotypes have been identified; ERα, 

ERβa (previously called ERγ) and ERβb (Greytak and Callard 2007; Hawkins and Thomas 

2004; Hawkins et al. 2000; Menuet et al. 2002; Sabo-Attwood et al. 2004). All these ERs bind 

estrogens with high affinity. In several teleost species, including Atlantic croaker, largemouth 

bass, fathead minnow and seabream, ERα and ERβb are primarily expressed in the liver, 

Figure 6. Estrogen stimulated oogenic protein synthesis. Estradiol-17β or an 
estrogen mimic bind to ER. This results in dissociation of ER from hsp-90 
chaperones, receptor dimerization and activation of gene expression after binding to 
ERE. Figure from Arukwe and Goksøyr (2003).  
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whereas ERβa is highly expressed in the ovary (Filby and Tyler 2005; Hawkins et al. 2000; 

Pinto et al. 2006; Sabo-Attwood et al. 2004). In accordance, ERβa seems to play an integral 

role in the development and function of the teleost ovary, whereas the above mentioned 

hepatic Vtg synthesis is mainly mediated via ERα (Thomas et al. 2007). Hormonal regulation 

of ERs is controlled primarily by estrogens themselves (Thomas et al. 2007). 

 

Androgens mediate their actions by binding to specific androgen receptors (ARs). In most 

vertebrates, only one functional nuclear AR has been identified, whereas two AR isoforms 

(ARα and ARβ) have been identified in some teleost fish (Ikeuchi et al. 1999; Takeo and 

Yamashita 1999; Todo et al. 1999; Touhata et al. 1999). The two AR isotypes seem to differ 

in steroid binding affinities between species, but have generally high affinity for 11-KT, T or 

5α-dihydrotestosterone (DHT). Interestingly, the identification of nuclear ARs in the ovary of 

Atlantic croaker and kelp bass (Sperry and Thomas 1999a; Sperry and Thomas 1999b; Sperry 

and Thomas 2000) suggests that androgens may exert direct hormonal actions in the teleost 

ovary. Recently, a nuclear androgen receptor activated by 11-KT was characterized (Olsson et 

al. 2005). Little is known concerning the physiological roles of steroids in regulating nuclear 

AR expression. In contrast to ERs, that are auto-regulated by estrogens, ARs are not generally 

up-regulated by androgens, and no androgen responsive elements (AREs) have been identified 

in the promoter or 5’-flanking region of cloned ARs (Olsson et al. 2005). 

 

As stated above, the two natural MIHs identified in teleost fish are the progestogens 17,20β-P 

and 20β-S. The teleost nuclear progestogen receptors (PRs) form homo- or heterodimers after 

binding to progestogens, and act as transcription factors that bind to progesterone response 

elements (PREs) on the promoter regions of progesterone responsive genes (Thomas et al. 

2007). Although not conclusive, recent data indicates that progestogens are acting via the 

nuclear PRs to initiate ovulation of maturing oocytes (Thomas et al. 2007). 

 

Non-classical or non-genomic steroid action 

In recent years, it has become generally accepted that many actions of sex steroid hormones 

are not mediated via the classical, genomic mechanisms, but the identities of most steroid 

membrane receptors remain unknown (Watson 2003). Nongenomic effects of sex steroids on 

cellular function usually involve conventional second messenger cascades, such as 

phospholipase C, phosphoinositide turnover, intracellular pH, free intracellular calcium and 

protein kinase C (Falkenstein et al. 2000 and references therein). In contrast to genomic 

steroid action, nongenomic steroid effects are in general insensitive to inhibitors of gene 
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transcription and protein synthesis. One of the best characterized nongenomic steroid events 

initiated at the cell surface is the induction of oocyte meiotic maturation by MIHs (see section 

on hormonal regulation of oocyte maturation). In addition, similar cell surface-initiated 

actions of both androgens and estrogens have been described recently in fish ovaries (Braun 

and Thomas 2003; Braun and Thomas 2004; Loomis and Thomas 1999; Loomis and Thomas 

2000). However, most functions of these receptors remain unclear, and more comprehensive 

studies will be required in order to gain insight in their physiological functions in teleosts. 

   

Interaction with hormone mimics 

A large number of anthropogenic chemicals released into the environment may interfere and 

disrupt endocrine homeostasis in humans and animals (Colborn and Clement 1992). 

Furthermore, it is widely recognized that certain anthropogenic chemicals may cause 

hormonal imbalance with potential consequences for fecundity and reproduction (Arukwe 

2001; Gale et al. 2004). For example, masculinizing effects in zebrafish (McAllister and Kime 

2003) and imposex, the development of male sexual characteristics in female neogastrodpod 

molluscs (Blaber 1970) have been correlated with exposure to tributyltin (TBT). In contrast, 

feminized responses were observed in seabird embryos exposed to 1,1,1-trichloro-2,2’bis(p-

chlorophenyl)ethane (DDT) (Fry and Toone 1981). Elsewhere, alterations in steroid hormone 

levels and abnormal morphology of male and female gonads were observed in juvenile 

alligators exposed to organocloride contaminants (Guillette and Gunderson 2001). An 

endocrine-disrupting chemical (EDC) is defined as ‘an exogenous substance or mixture that 

alter function(s) of the endocrine system and consequently produces adverse health effects in 

an intact organism, or its progeny, or (sub)populations’ (Goksøyr 2006). While the exact 

mode of action for endocrine modulators is not fully understood, it is believed that EDCs can 

affect endocrine processes via three general mechanisms: 1) agonistic/antagonistic effects 

(hormone mimics), 2) disruption of production, transport, metabolism or secretion of natural 

occurring hormones and 3) disruption of production and/or function of hormone receptors 

(Goksøyr et al. 2003; Rotchell and Ostrander 2003).  

 

The synthetic chemical nonylphenol (NP) is a degradation product of alkylphenol 

polyethoxylates (APEs) that are widely used as raw materials for active surface agents 

(anionic surface active agent, non-ionic surface active agents), ethyl cellulose stabilizers, oil 

soluble phenyl resins and esters. It is also used as processed articles for detergents, oil 

varnishes, rubber auxiliaries and vulcanization accelerators, antioxidants and corrosion 

inhibitors for petroleum products and sludge generation inhibitors for petroleum (Khim et al. 
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2001). The fish gonad is a known target organ for endocrine disrupters, and it is well 

established that NP can act as an estrogen mimic and modulate steroid pathways and 

reproductive responses like zonagenesis and vitellogenesis (Arukwe et al. 2000; Arukwe et al. 

1997; Folmar et al. 2002) and ER levels (Yadetie et al. 1999). Recent studies have 

demonstrated that alkylphenols can influence the reproductive system in female Atlantic cod, 

with possible negative effects for the overall reproductive fitness (Meier et al. 2007). Because 

of its physicochemical properties, NP has enhanced resistance towards biodegradation, thus it 

has the ability to bioaccumulate in aquatic organisms. However, the mechanisms of actions of 

this xenoestrogen are still largely unknown, and effects of NP on the basal internal signals that 

regulate early ovarian growth prior to vitellogenesis (previtellogenesis), fecundity, 

reproduction and maturation are generally not well described. 

 

Furthermore, pharmaceuticals are ubiquitous pollutants in the aquatic environment where 

their potential effects on non-target species like fish have only recently become subject of 

systematic investigations. Available scientific evidence indicates that the reproductive system, 

including its associated endocrine and neural controls, may be susceptible to alterations by 

occupational, pharmaceutical or environmental exposures to a variety of chemical and 

physical agents (DeRosa et al. 1998; Singleton and Khan 2003). The synthetic androgen, 17α-

methyltestosterone (MT) is widely applied in aquaculture to control sex determination and 

induce sex-reversal of genetic females to phenotypic males (Hunter and Donaldson 1983; 

Kitano et al. 2000; Papoulias et al. 2000). Nevertheless, the specific role or effect of MT 

remains to be resolved, and factors such as dose, timing and duration of MT treatment can 

influence the effects. Previous studies addressing the effects of MT treatment in female fish 

have mainly focused on monitoring sex reversal and proportions of intersex in fish (Kanamori 

et al. 2006; Kitano et al. 2000; Orn et al. 2003; Zhang et al. 2006). However, MT is generally 

considered to be aromatizable when administered at high concentrations (Borg 1994; 

Nakamura 1975; Piferrer et al. 1993). In accordance, previous in vivo studies have 

demonstrated that high doses of MT can induce development of phenotypic female fish, a 

phenomenon which is referred to as a ‘paradoxical feminisation’ (Fenske and Segner 2004; 

Orn et al. 2003; Rinchard et al. 1999; Zerulla et al. 2002). The paradoxical feminization shift 

in sex ratio suggests an increased aromatase activity with subsequent conversion of MT to 

methylestradiol (ME2), but the extent and magnitude of MT effects on sex-reversal depend on 

a number of biotic and abiotic factors including age, size, developmental stage, ambient 

temperature, nutritional factors, exposure duration, method and season (Higgs et al. 1982).  
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Genomic approaches for understanding fish reproductive endocrinology 

Most developmental events are controlled at the molecular and cellular levels of biological 

organization. Therefore, gene expression profiling as a result of hormonal exposure and the 

subsequent molecular processes that lead to developmental and physiological changes may be 

used as quantitative molecular markers for cellular, physiological, developmental and 

reproductive effects in an organism. The identification of hormonal responsive genes and their 

expression patterns as a result of hormonal influence are of vital importance in order to shed 

light on the underlying mechanisms of these fundamental processes of fish reproduction. The 

molecular mechanisms of fish reproductive biology and endocrinology have only the recent 

years become an object for systematic investigation. Recently, many molecular players of fish 

oogenesis have been identified through large-scale genomic studies (Govoroun et al. 2006; 

Knoll-Gellida et al. 2006; Rise et al. 2004; von Schalburg et al. 2005; Zeng and Gong 2002). 

Most focus has so far been on genes involved in sex differentiation and final maturation 

(Baron et al. 2005; Baron et al. 2008; Baron et al. 2007; Bobe et al. 2006; Kanamori 2000; 

Vizziano et al. 2007; von Schalburg et al. 2005). These comprehensive surveys have produced 

a large number of expressed sequence tags (ESTs) from teleost fish, making it possible to 

profile fish mRNA expression during for example, oocyte growth and determine the roles or 

effects of specific genes on oocyte developmental events. As previously stated, research on 

fish oogenesis has so far focused on the vitellogenic process and the events taking place 

during final maturation. On the contrary, processes during previtellogenic oocyte growth 

remain largely unexplored (Patino and Sullivan 2002; Tyler and Sumpter 1996). For example, 

the endocrine and/or intraovarian factors that regulate previtellogenic oocyte growth have not 

been described in any detail (Luckenbach et al. 2008). Given that much of the mRNA present 

in full-grown oocytes seems to be produced during previtellogenic growth (Wallace and 

Selman 1990), and that female fecundity and egg size seems to be largely determined during 

previtellogenesis in rainbow trout and salmon (Bromage et al. 1992; Campbell et al. 2006; 

MacKenzie et al. 1998) this still represents a strong gap in our knowledge of fish endocrine 

and reproductive physiology.  

 

Recently, the molecular basis of previtellogenic oocyte growth and development have 

received more attention, and a number of differential expressed ovarian genes during 

previtellogenic oocyte growth in teleost fish have been identified (Campbell et al. 2006; 

Luckenbach et al. 2008). Useful tools for high throughput analysis of tissue- and stage-

specific expression of genes include suppressive subtractive hybridization (SSH), generation 

of cDNA libraries and microarray analyses. In addition, quantitative (real-time) polymerase 
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chain reaction (qPCR) analyses are widely employed to obtain molecular signatures that can 

be more accurate than those of other high throughput methods, such as microarrays (Baron et 

al. 2005). Taken together, the data generated from large-scale gene expression profiling may 

serve as a basis for future hypothesis-driven research and provide insights regarding gene 

networks and pathways involved in reproductive and endocrine events. It may also be useful 

in order to identify molecular mechanisms and pathways disrupted by environmental toxicants. 

 

The Atlantic cod as a model species 

The Atlantic cod (Gadus morhua) is widely distributed across the continental shelf regions of 

the North Atlantic, and several important cod stocks are of great economic and social 

importance. In Norwegian waters, the Norwegian-Arctic stock, which spends most of its life 

in the Barents Sea, is the most important. There are also a large number of more or less well-

defined local stocks along the coast of Norway. Other important cod stocks are found in areas 

off Iceland, Greenland and Canada and in the North Sea and the Baltic. These stocks have all 

suffered from extreme fishing pressure in recent years, and several of them are showing clear 

signs of overexploitation. Things have gone particularly hard with the Northern cod stock on 

the Grand Banks off the east coast of Canada (Hannesson 1996). Until recently, no signs of 

recovery for this stock have been shown even after ten years during which fishing has been 

banned, following the collapse of the stock in the early 90s. With poor catches as a result of 

reduced stocks in Norwegian waters as well, total catches of Atlantic cod have displayed a 

worrying downward trend during the past 10 - 15 years. The cod is well known and a popular 

species which has a large economic and market value world-wide. Interest in the intensive 

production of cod has increased dramatically over the past couple of years due to reduced 

supply from wild fisheries, high market price and relative suitability of cod for culture (Brown 

et al. 2003; Moksness et al. 2004). Commercial rearing of cod is rapidly increasing, and the 

Norwegian aquaculture production of cod was 5.500 tons in 2005, while in 2006 the 

production increased to about 10.000 tons (Karlsen et al. 2005). The potential for cod farming 

is therefore regarded as extremely high on a global basis. Cod also enjoy a number of natural 

advantages as a potentially important cultivated species; short egg and larval stages, rapid 

growth, good feed utilization, suitable behaviour (‘tame’), and, as far as we know, good health. 

Cod also appear to adapt well to traditional sea-cages, even to the extent that aquaculture 

technology developed for salmon can easily be adapted to cod. Most of the challenges offered 

by cod farming generally concern nutrition; selection and testing of optimal fish feed (start 

feeding, cannibalism in the young fish phase, lipid deposition in the liver and premature 

sexual maturation). We can expect to encounter challenges on the health side, related to fish 
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feed and to bacteria, viruses and parasites. On this note, understanding the physiology and 

genetics of cod will be of vital importance when meeting these challenges in establishing a 

sustainable population both for fisheries and in aquaculture. 
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STUDY OUTLINE AND OBJECTIVES 

Despite the concept of life-history strategies, the internal signals that regulate fecundity are 

not known. Subject to fecundity and fertility in fish and mammals, respectively, the overall 

objective of this study was to study the role/effect of androgens on the growth of 

previtellogenic oocytes through the characterization of androgen-responsive ovarian genes. 

This will increase our understanding on the hormonal control of previtellogenic oocyte growth 

in teleosts. The objective implied the sequencing of a number of ovarian previtellogenic genes 

in Atlantic cod (Gadus morhua). mRNA was isolated from previtellogenic ovarian tissues 

before and after in vitro exposure to androgens (11-KT and T). The mRNA was transcribed 

into cDNA and libraries constructed in plasmid vectors. Subtracted clones were arrayed, 

preserved and applied in gene expression profiling. Despite the fact that hormonal effects on 

the growth of previtellogenic oocytes might involve several cascades of physiological events, 

observations in fish and mammals point to a pivotal role of androgens and might be linked to 

nutritional factors involving other growth factors (growth hormone and insulin-like growth 

factor-1, IGF-1). This might also increase our understanding on the role of growth rate on 

fecundity. Organ-specific steroid hormone synthesis occurs in the absence of functional 

hypothalamus-pituitary-gonadal-axis. Except for the evidence that androgens increase oocyte 

diameter and modify IGF-1 and IGF-1-receptor mRNA abundance, the underlying molecular 

mechanism(s) involved in possible gene regulation resulting in the growth of previtellogenic 

oocytes has not been investigated. The detailed understanding of these “within” ovary 

processes that determine fecundity will help in the future on the potential manipulation of 

fecundity in teleosts. The potential manipulation of factors that control fecundity will be 

beneficial for the aquaculture industry and for breeding of new captive and endangered 

species. Furthermore, studies on the early follicular growth in fish will provide an 

understanding on the role of androgens in the control of fecundity through modification of 

gene expression and evaluation of the evolutionary conservation of the control mechanisms of 

early follicular growth in vertebrates. New molecular techniques provide valuable tools for 

this kind of investigation and formed an integral aspect of these studies, and we have used the 

analytical power of suppressive subtractive hybridization (SSH) to open a possible revealing 

window of understanding into the functional aspects of early oocyte development in 

organisms that control fecundity. The overall objective of this study was to investigate the 

roles/effects of androgens (11-KT, T and MT) on the growth of previtellogenic oocytes 

through quantitative histological analyses and the characterization of androgen-responsive 

ovarian genes. These objectives are outlined in the following two hypotheses: 
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Hypothesis #1: Previtellogenic ovarian oocytes show differential gene expression profiles and 

histological modulations after in vitro and in vivo androgen exposure, indicating hormonal 

control of early follicular and oocyte growth. 

 

Hypothesis #2: Differentially expressed ovarian gene products provide evidence of at least 

some of the biochemical and physiological processes occurring during previtellogenesis in 

teleosts and can be used to deduce evolutionary relatedness of the control of follicular growth 

in vertebrates. 
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METHODOLOGICAL CONSIDERATIONS 

In vitro floating agarose method 

The use of in vitro systems may have several major advantages. These include the ability to 

directly study mechanistic events, to control the environment for testing specific hypotheses, 

and that multiple experiments can be performed to validate the initial observations (Shankland 

et al. 2007). For example, possible indirect mechanisms of hormones through feedback on the 

brain and/or pituitary can be omitted if employing an in vitro organ culture system. In the 

field of fish reproduction, in vitro approaches have proven to be valuable model systems for 

evaluating hormonal control on spermatogenesis in eels (Miura et al. 2005; Miura et al. 2002; 

Miura et al. 1991). Additionally, they can be a strong tool for assessment of specific toxicity 

mechanisms and/or for screening a large number of chemicals (such as agrochemicals, 

pharmaceuticals or environmental contaminants) (Janosek et al. 2006).  

 

The application of in vivo studies are complicated by the variation in genetic background 

between individuals, as well as ethical questions concerning animal research since a large 

number of individuals are required to perform statistically valuable experiments (Ge et al. 

2003). Regardless, no in vitro technique will ever have the complexity of the whole animal 

system, since in vitro systems lack the essential metabolic competence of a living organism, 

and in vitro assays may miss certain chemical effects caused by metabolites or toxicological 

responses caused by interference with xenobiotic metabolism. While relevance increases as 

concentrations used in vitro approach those that occur in the organism when similar effects 

are observed, concentration differences might occur for a number of reasons, making 

extrapolation to in vivo events difficult. Therefore, it would be unwise, within certain limits, 

to disregard data because they were obtained at higher concentrations than those expected in 

live animals (Tiffany-Castiglioni et al. 1999). Thus, concentration- and time-response 

evaluations are especially important when evaluating effects in vitro in relation to those seen 

in vivo (Tiffany-Castiglioni et al. 1999). 

 

In the present work, we have employed an in vitro organ culture technique that is based on the 

floating-agarose method (Miura et al. 1991; Nader et al. 1999). We have used this method in 

our laboratory to culture several organs for different toxicological, physiological and 

endocrinological purposes with successful and reproducible results (Paper I, II, IV, V and 

Vang et al. 2007). In the experimental setup, 1% agarose cylinders are placed in 6-well culture 

dishes and soaked with culture medium. A nitrocellulose membrane is placed on top of the 

agarose cylinder, and the organ of interest is excised from the animal, cut into small pieces 
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and placed on the nitrocellulose membrane. In this way, the tissue pieces are not submerged, 

but they are still exposed to the chemicals in the medium. Antibiotics may potentially 

interfere and affect tissue gene expression patterns, and were therefore omitted. Hence, 

preparation and cultivation of tissue must be performed under strict sterile conditions.  

 

Suppressive subtractive hybridization (SSH) and microarray (CodArray) analysis  

SSH is a technique that enables researchers to compare two populations of mRNA and obtain 

clones of genes that are expressed in one population but not in the other (Diatchenko et al. 

1996). Although there are several different methods, the basic theory behind subtraction is 

simple. First, both mRNA populations are converted into cDNA: i.e. the cDNA that contains 

specific (differentially expressed) transcripts as ‘tester,’ and the reference cDNA as ‘driver.’ 

Tester and driver cDNAs are hybridized, and the hybrid sequences are then removed (Figure 

7). Consequently, the remaining unhybridized cDNAs represent genes that are expressed in 

the tester, but are absent from the driver mRNA. In the present study, we generated a targeted 

cDNA library by performing SSH with ovary tissue from juvenile Atlantic cod exposed in 

vitro separately to 11-KT and T (1, 50 and 100 µM) and used against untreated samples 

(solvent control samples). Because the SSH technique favours the enrichment of high 

abundance transcripts and is therefore very susceptible to a high false-positive rate (Ji et al. 

2002; Larkin et al. 2003), we performed the hybridization in both forward (up-regulated) and 

reverse (down-regulated) directions to maximize the detection and identification of androgen 

responsive genes. All clones were PCR amplified and verified by agarose gel electrophoresis. 

After sequencing and BLAST identification, genes were annotated and downloaded to EST 

GenBank under the title ‘CodArray SSH cDNA library’. Secondly, a targeted gene array 

(CodArray) was developed based on apparent true-positive differentially expressed genes. 

Therefore, our targeted gonadal CodArray represents a unique suite of differentially expressed 

genes that were either up- or down-regulated in response to 11-KT and T exposure.  

 

The EST approach was first demonstrated in the human genome project (Adams et al. 1991), 

and has proven to be powerful in massive cloning of cDNAs as well as in large scale 

characterization of cDNA sequences for deciphering genome sequence (Zeng and Gong 2002). 

In accordance, several research groups have employed SSH, cDNA library generation and 

microarray analyses in order to identify genes involved in oocytes growth and development 

(Baron et al. 2005; Luckenbach et al. 2008; von Schalburg et al. 2005).  
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Quantitative real-time PCR  

The most popular method for quantifying individual gene expression is quantitative real-time 

polymerase reaction (qPCR). The method is sensitive, capable of high throughput and 

relatively easy to perform. In addition, expression profiles obtained by qPCR may be more 

accurate than those of other high-throughput methods, such as microarrays (Baron et al. 2005). 

For the sake of accuracy and precision, it is necessary to collect quantitative data at a point in 

which every sample is in the exponential phase of amplification (since it is only in this phase 

that amplification is extremely reproducible). Analysis of reactions during exponential phase 

at a given cycle number should theoretically provide several orders of magnitude of dynamic 

range.  Rare targets will probably be below the limit of detection, while abundant targets will 

denaturation 
hybridization 

Separation of non-target 
molecule fractions and fractions 
enriched in target molecules  

tester driver (excess) 

target 

Figure 7. Scheme of the SSH method. The basic principle of subtractive hybridizations is to reverse 

transcribe two different mRNA populations, heat denature the cDNA pools, and then hybridize 

together the two samples. The cDNAs that remain un-hybridized, which represent differentially 

regulated mRNAs, can be PCR amplified, cloned and subsequently sequenced. Subtractive 

hybridizations can be performed in both directions in order to obtain both up and down-regulated 

genes within a specific tissue of interest.  
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be past the exponential phase. In practice, a dynamic range of 2-3 logs can be quantified. 

Nevertheless, it is vital to minimize variability and maximize reproducibility by quality-

assessing every component of the qPCR assay (Nolan et al. 2006). For example, the selected 

primer sequences must be specific for the gene of interest in the organism being studied. Also, 

aiming for as short an amplicon as possible (60-150 bp) is important to ensure efficient 

denaturation during thermal cycling (Nolan et al. 2006). 

 

Normalization of qPCR data 

In order to obtain reliable expression patterns, it is important that qPCR data are normalized 

with a proper internal control. In the present study, total cDNA for the qPCR reactions were 

generated from 1 µg total RNA using a combination of random hexamer and poly-T18 primers. 

The expression of individual gene targets was analyzed and every DNA amplification reaction 

contained controls lacking cDNA template to determine the specificity of target cDNA 

amplification. Briefly, cycle threshold (Ct) values obtained were converted into mRNA copy 

number using standard plots of Ct versus log copy number. Standard plots for each target 

sequence were generated using known amounts of plasmid containing the amplicon of interest. 

The criterion for using plasmid standards for normalization is based on equal amplification 

efficiency with unknown samples, and this is checked prior to extrapolating unknown samples 

to the standard curve. Data obtained from triplicate runs for individual target cDNA 

amplification were averaged and expressed as ng/µg of initial total RNA used for reverse 

transcriptase (cDNA) reaction and thereafter transformed as percentage of control. This 

absolute quantification method is a well-validated procedure in our laboratory, as we do not 

use the so-called housekeeping genes because of their variable expression patterns both in our 

laboratory (Arukwe 2006) and elsewhere (Bustin and Nolan 2004; Mittelholzer et al. 2007; 

Steele et al. 2002). By employing this method for normalization of qPCR data, it is essential 

to assess RNA integrity as well as quantity. In the present study, only high quality RNA with 

A260/A280 ratio above 1.8 and intact ribosomal 28S and 18S RNA bands was used for cDNA 

synthesis. 

 

Histology and stereological techniques 

In order to compose a histological growth staging system for oocytes in the previtellogenic 

cod ovary, we generated a classification system based on previous studies of oocyte 

development in tilapia (Rocha and Rocha 2006) and cod (Kjesbu and Kryvi 1989, Table 1). 

The reason for doing this, although oogenesis in Atlantic cod has been thoroughly described 

previously (Kjesbu and Kryvi 1989), was the requirement of strict, accurate definitions of 
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oocytes stages in the previtellogenic cod ovary. Furthermore, when examining the tissues, the 

specific stage of every single oocyte in the field of vision should be possible to define. Thus, 

morphological details of the nucleus were unsuitable as oocyte stage markers, as far from all 

oocytes were sectioned through the nucleus. Also, oocytes of the same developmental stage 

can be quite different in size (Tyler and Sumpter 1996), making size-specific staging 

suboptimal. 

 

Stereology – a quantitative histological analysis 

In the present study we wanted to provide a precise quantification of the fractions of oocytes 

in different developmental stages in the previtellogenic cod ovary. The stereological method 

of point-counting described by Freere and Weibel (1967) was employed in order to estimate 

the relative area of the ovary occupied by oocytes of a certain developmental stage. In the 

present study, these relative areas are expressed as proportional volume fractions (%), as 

reviewed by Coward and Bromage (2002). All stereological methods are based upon a simple 

principle known as ‘Delesse Principle’ (Delesse 1847), which demonstrates that a random 

histological section can be quantitatively representative of the total composition of the 

original unsectioned material (Coward and Bromage 2002). Stereological techniques rely 

heavily upon the analysed tissue sections and fields being independent from another (Coward 

and Bromage 2002). In accordance, all stereological studies require representative sampling 

of the organ and generation of adequate sectioning of the structures to be analyzed 

(Mandarim-de-Lacerda 2003). The sampling and arbitrary sectioning of the (naturally 

roundish) oocytes granted the isotropy requirements (Mandarim-de-Lacerda 2003). In 

addition, the oocyte distribution throughout the ovary must be homogenous. Previous studies 

have shown that oocyte size distribution is homogenous in cod ovaries (Kjesbu and Holm 

1994). Finally, is essential to obtain a total of at least 300 recorded grid points per tissue piece, 

recorded from a number of independent sections, which is generally accepted in order to 

establish an estimate precision of about 5% (Weibel 1979). 
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Table 1. Classification of developmental stages of Atlantic cod previtellogenic oocytes. 
 

Previtellogenic oocyte 
developmental stage Main cellular characteristics Histological images 

Proliferating oogonia 

Small nests of mitotic cells 
dispersed within the connective 
tissue. Oogonia are small and 
circular, with a clear cytoplasm. 
Bar=10 µm. 

 

 
 

Initial primary growth 

Primary oocytes had one large, 
usually peripheral nucleus. The 
oocyte is still attached to the 
connective tissue. The cytoplasm 
is strongly basophilic due to the 
high RNA concentration.  
Bar=10 µm. 

 

 
 

Primary 

previtellogenic growth 

Primary oocytes showed one 
large, centrally located nucleus 
with several basophilic nucleolei 
at the periphery. The cytoplasm 
stains also basophilic. Follicular 
cells are scarce and 
undifferentiated. Bar=15 µm. 

 

 
 

Advanced  

previtellogenic growth 

The oocyte becomes a larger 
cell. The cytoplasm has more 
vesicles and becomes less 
basophilic due to a decreased 
RNA concentration. The 
follicular cells are appearing and 
begin differentiating.  
Bar=30 µm. 
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GENERAL DISCUSSION 

SSH and targeted CodArray 

As described in Paper I, a custom cDNA library containing clones of transcripts from 

immature Atlantic cod ovarian tissue exposed to a mixture of androgens (11-KT and T) was 

generated. Secondly, a targeted gene array (CodArray) was developed based on apparent true-

positive differentially expressed genes. Therefore, our targeted ovarian CodArray represents a 

unique suite of differentially expressed genes that were either up- or down-regulated in 

response to androgen exposure. When genomic data for an organism is not available, such as 

the Atlantic cod, the SSH method can be a powerful tool for generating cDNA libraries 

containing DNA sequences of interest. The use of microarrays to screen cDNA clones 

generated by SSH also allows the identification of previously unknown genes -a finding that 

is not possible using conventional arrays of previously cloned genes (Yang et al. 1999). 

However, SSH usually generates a number of redundant clones in the subtracted amplicons, 

and several genes suspected to be involved in the transcriptional regulation of oocyte growth 

and development were not represented after performing SSH in the present study. The reason 

for this is probably the low expression levels of these genes in cod ovarian tissue. In 

accordance, it is well known that SSH favours the enrichment of high abundance transcripts 

(Ji et al. 2002; Pan et al. 2006), which may result in over- or under-representation of certain 

amplicons in the SSH cDNA library. Therefore, transcripts from some genes were amplified 

by PCR using specific primers from conserved regions of the respective genes based on 

sequence information in NCBI GenBank. The PCR products were cloned into Escherichia 

coli plasmids and subsequently added to the array. Sequenced clones were analyzed using 

Blastx against the NCBI nonredundant (nr) protein database and Blastn against the NCBI 

nucleotide (nt) database. The chosen e-value cut-off was 10-5 for blast searches. Finally, 

clones were annotated and downloaded to the GenBank EST database under the title 

CodArray SSH cDNA library. 150 expressed sequences from this library were grouped into 

54 UniGene entries (putative genes), and there were 23 contigs of two or greater (groups of 

clones probably representing overlapping regions) and 31 singletons. Although the present 

study generated few sequences compared with other surveys, the number of gene profiles 

generated was already too high to make a one by one analysis suitable. Therefore, we 

performed an initial microarray screening with subsequent qPCR analyses of genes suspected 

to be involved in previtellogenic oocyte growth and development. After annotation of the 

sequenced clones, we found that the major part of the amplicons generated by SSH were of 

oocyte origin, whereas less abundant transcripts derived from ovarian follicle cells are not 

likely to be identified by the SSH method employed in the present study. In compliance, this 
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has been observed earlier, and it has been proposed that construction of cDNA libraries 

enriched for extra-oocyte components such as the follicle wall will provide a better generation 

of transcripts from these ovarian components (Goetz et al. 2006; Luckenbach et al. 2008). 

 

In the CodArray experimental design, 36 microarrays were used for each exposure (11-KT 

and T) and co-hybridizations were performed according to a loop design, in which all 

biological replicates appeared in more than one array causing the arrays to not be statistically 

independent (Figure 8). cDNA microarray techniques have some disadvantages compared to 

more tedious techniques such as qPCR. For example, they are limited in the detection of 

genes with low expression (Rondeau et al. 2005), and clones from less abundant mRNAs may 

fall within the ‘noise’ of the hybridization signals (Yang et al. 1999). In addition, cDNA insert 

size may be a factor in reliably identifying differentially expressed genes, and short SSH 

clones from the 5[prime]-end of cDNAs are less likely to give reliable hybridization signals 

than full-length cDNAs (Yang et al. 1999). In the present study, microarray screening failed 

to identify some genes (e.g. StAR and P450scc) that were shown to be differentially expressed 

after androgen treatment by qPCR (Paper I), and validation of array values by qPCR 

demonstrated differences in expression profiles for the two methods in some instances. These 

differences might be due to the mentioned limitations of microarray techniques. To conclude, 

we believe the microarray approach should be considered a first screening, and qPCR 

probably produced more accurate molecular signatures, at least in the in vitro study (Paper I).  

 

Tissue culture conditions 

One of the underlying aims of the present study was to develop a sensitive in vitro and 

mechanistic organ culture system for studies on hormonal impacts on biological systems. In 

vitro techniques have considerable appeal for endocrinological and physiological (also 

toxicological) studies, and a major advantage in using in vitro organ culture systems is the 

consistency and reproducibility of the results that can be obtained using a homogeneous group 

of experimental and sample materials. Additionally, in vitro systems have ethical and 

economic benefits. Nevertheless, in vitro systems will always imply a compromise. If the aim 

is to mimic normal physiology, it is essential that the system applied represents the real in 

vivo situation, at least for the endpoint(s) of interest, in order to function as a reliable model 

system. In accordance, the in vitro floating agarose method used to investigate the effects of 

androgens (Paper I, II and IV) and NP (Paper V) was compared with the in vivo situation, 

using immature female cod (Paper III). The details of these comparative studies are outlined 

below.   
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Androgen concentrations 

The nominal 11-KT and T concentrations (1-1000 µM) used in the present in vitro studies 

(Paper I and II) are several orders of magnitude higher than physiological androgen levels 

reported in fish. Plasma levels of 11-KT in the female fish used for the in vitro gonadal 

cultivation (Paper I, II, IV and V) were 1.0 ± 0.5 ng/ml. Prior to performing these studies, 

there were no studies that had measured physiological androgen levels in previtellogenic 

stages of Atlantic cod known to us, although a few studies had measured variable T levels in 

cod during later stages of oocyte development (Dahle et al. 2003; Kjesbu et al. 1996). In a 

study by Lokman and co-workers (Lokman et al. 2002), the presence of both 11-KT and T 

were demonstrated in females for a number of teleost species that were generally at low 

Figure 8. Array design used for evaluating the concentration- and time-dependent effects of the 

androgens, 11-ketotestosterone (11-KT) and testosterone (T) on previtellogenic cod oocytes. The 

letters A-F represent the experimental conditions and the numbers 1-3 identify different biological 

replicates. Each arrow in the figure indicates an array that was run co-hybridizing the sample at 

the arrow’s head (labeled with Cy5 dye) and the sample at the arrow’s tail (labeled with Cy3 dye). 
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concentrations (<1 ng/ml). The closest relative to the Atlantic cod, namely the red cod 

(Pseudophysics bachus) displayed a mean female 11-KT level of 0.20 ± 0.02 ng/ml (n=5). In 

planning and designing the present study, we hypothesized that only a fraction of the given 

androgen concentrations will be accessible to the oocytes using the in vitro floating agarose 

method after considering biological factors such as bioavailability and bioconcentration. This 

hypothesis was supported by enzyme immunoassay (EIA) analyses of 11-KT concentration in 

tissue cultures used in the present study (Paper I and II, Figure 9).  

 

Solvent control tissues displayed a mean 11-KT concentration of 0.68 ng/mg tissue (wet 

weight), whereas mean 11-KT concentration increased 3, 10, 30 and 100-fold when exposed 

to 11-KT at the nominal concentrations of 1, 10, 100 and 1000 µM, respectively. These 

measurements were conducted 24 h post-exposure, and steroid concentrations probably 

decreased rapidly during the next 4 exposure days, before fresh media with 11-KT was added 

to the cultures (i.e. at day 5). A rapid decrease in plasma steroid hormone levels has been 

reported previously during in vivo steroid administration to fathead minnow (Korte et al. 

2000), muskellunge (Rinchard et al. 1999) and rainbow trout (Pakdel et al. 1991). These 

findings were concomitant with our own in vivo observations (Paper III), showing a rapid 

clearance of plasma 11-KT and T levels that paralleled control levels at 21 days after 

intraperitoneal injection with 5 mg/kg at 7-days interval. In conclusion, we estimate that the 

lower androgen concentrations used in our in vitro studies (1 and 10 µM) represent 
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Figure 9. 11-ketotestosterone (11-KT) levels in previtellogenic oocyte cultures of Atlantic cod incubated 

for 24 h with different 11-KT concentrations. 11-KT levels were determined using enzyme immunoassay 

method. Data are given as mean value and expressed as ng/mg tissue (wet weight) of n=3 ± standard 

error of the mean (SEM).  
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physiological relevant concentrations, whereas the higher concentrations (100 and 1000 µM) 

probably represent an extreme in vivo situation. Indeed, if the highest androgen concentrations 

used create extra-physiological androgen levels in the tissue, results may reflect 

pharmacological and not biological relevant effects on previtellogenic oocyte development. 

Extra-physiological androgen concentrations could also artificially induce effects due to 

androgen metabolites. However, given the previous mentioned rapid clearance of 11-KT and 

T in vivo, it seems unlikely that cultivated tissue was exposed to pharmacological doses of 

androgens, at least not for a long time interval. 

 

Morphological studies 

All the ovarian tissues examined in the present study (both in vitro and in vivo) displayed a 

normal histology and were generally healthy, as compared to general teleost ovarian 

morphology and earlier observations in Atlantic cod (Burton et al. 1997; Kjesbu and Kryvi 

1989). Nevertheless, ovarian morphology after in vitro cultivation (Paper I, II, IV and V) 

had some differences in comparison with the in vivo experiment (Paper III). Firstly, the 

volume densities of atretic oocytes in cultivated ovarian tissue were generally 3-5%, with no 

significant differences between control and androgen exposed tissues. However, no oocyte 

atresia was observed in the in vivo experiment. A significant increase in volume fractions of 

atretic oocytes were observed in tissue cultivated for 5 and 10 days, as compared to tissue 

cultivated for 24 h. Although it has been shown that atresia occurs in oocytes of all 

developmental classes, very little is known about atresia during early stages of oocyte 

development (Tyler and Sumpter 1996). The elevated levels of atresia after in vitro cultivation 

could point to possible suboptimal conditions for the tissue, and should be further investigated. 

In order to further elucidate this phenomenon, we compared the absolute abundance of 

transcripts of some genes highly expressed in the previtellogenic cod ovary (e.g. cyclin-B and 

Zona pellucida related genes) after cultivation for 1, 5, 10 and 20 days. Whereas tissues 

cultivated for 20 days generally showed decreased mRNA levels compared to the earlier time 

points, no specific patterns could be observed for tissue incubated for 1, 5 and 10 days. Thus, 

we suggest that ovarian tissue may be kept healthy and in good condition in culture for at least 

10 days using the floating agarose method described in the present study. For prolonged 

incubations, one should carefully monitor RNA integrity and abundance, as well as 

performing histological evaluations in order to assess the general tissue condition, prior to 

overall analysis. 
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Secondly, oocyte areas with a high density of spermatozoa were observed in in vitro 

cultivated ovarian tissue at both day 5 and day 10 of exposure for tissues exposed to 11-KT 

and T. The appearance of spermatozoa in cultivated ovarian tissue is puzzling, and 

spermatozoa were not observed in vivo for any of the androgen doses administered. The 

possibility that sex reversal was occurring in cultivated ovarian tissue exposed to androgens 

should not be excluded. If sex reversal was occurring within 5 days of in vitro androgen 

exposure, one would think that less mature stages of male germ cells (i.e. spermatogonia and 

spermatocytes) could be observed at earlier time points, at least in some sections (Almeida et 

al. 2008). However, it should also be noted that not all androgen exposed ovary tissue samples 

examined contained spermatozoa. Previous studies addressing the effects of 11-KT on 

previtellogenic ovarian growth have demonstrated the presence of male germ cells in 

androgen treated female fish in vivo (Rohr et al. 2001) but not in vitro (Lokman et al. 2007).  

 

Fish used for in vitro cultivation (Paper I, II, IV and V) displayed mean plasma 11-KT levels 

of 1 ±0.5 ng/ml, whereas fish used for the in vivo experiment (Paper III) had plasma 11-KT 

levels of 0.06 ±0.01 ng/ml. This corresponds to fish weight (150-350 g for fish used for in 

vitro cultivation and 56 ±11 g for fish used in the in vivo study) and oocyte developmental 

stages. Ovaries used for in vitro cultivation contained oocytes of advanced previtellogenic 

growth (see Table 1), whereas previtellogenic primary growth was the most advanced oocyte 

stage observed in ovaries of fish used in the in vivo study. When comparing the present in 

vitro and in vivo observations, one must keep in mind that the fish were in slightly different 

developmental stages. 

 

Sex steroid levels 

The present study adds novel information on the topic of sex steroid plasma levels in female 

fish, demonstrating for the first time that significant amounts of T, and more interestingly, 11-

KT, circulate in the blood of immature female Atlantic cod. As stated above, fish used for in 

vitro cultivation (Paper I, II, IV and V) displayed mean plasma 11-KT levels of 1.0 ±0.5 

ng/ml, whereas fish used for the in vivo experiment (Paper III) had plasma 11-KT levels of 

0.06 ±0.01 ng/ml. The difference correlates directly to the size of the fish, suggesting that sex 

steroid levels are elevated with increasing body size. Furthermore, plasma E2 and T levels in 

fish used for the in vivo experiment (Paper III) were 0.40 ±0.07 and 0.73 ±0.35 ng/ml, 

respectively. The observation that E2 levels seem to be lower than those of T in immature 

female cod is interesting, since previous studies have shown that the opposite is true for 
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mature and spawning female cod (Dahle et al. 2003; Kjesbu et al. 1996; Norberg et al. 2004). 

Furthermore, previous studies showed that plasma levels of T did not differ during the 

developmental stages, but E2 increased steadily with ovarian development (Dahle et al. 2003). 

This is in contrast to what is generally found in salmonids, and may be a common feature in 

marine batch-spawners (Norberg et al. 2004). The increased plasma levels of E2 with 

increased ovarian development are usually explained by the role of E2 as the main promoter 

of vitellogenesis (see section on vitellogenesis in the introduction). As previously outlined, 

androgens (e.g. T) serves as precursors for E2 synthesis. The present study adds novel 

information on the roles of androgens in the previtellogenic cod ovary, suggesting androgen 

control of oocyte growth and development (see section on previtellogenic oocyte growth and 

development). 

 

The present study demonstrates data suggesting aromatization of MT at high concentrations 

(Paper IV), adding further evidence to the phenomenon ‘paradoxical feminization’ described 

earlier (Fenske and Segner 2004; Orn et al. 2003; Rinchard et al. 1999; Zerulla et al. 2002) 

and showing that this phenomenon also can take place in vitro. Furthermore, we present data 

showing modulated E2 and 11-KT levels after in vitro exposure to a hormone mimic (NP; 

Paper V) that may be correlated with interference of the steroidogenic pathway (see section 

on modulation of steroidogenic pathway). However, it should be emphasized that the absolute 

values of the sex steroid measured in these two separate studies (expressed as pg/ml) are not 

comparable with the other in vitro studies (Paper I and II) or with steroid plasma levels, as 

they are not related to tissue weight. Instead, they should be interpreted as semi-quantitative 

analyses. 

 

All sex steroids were measured using the EIA method. In this regard, it is vital to address the 

specificity of the different EIA kits employed, as most hormone EIAs show significant cross-

reactivity to other steroids. The specificities of the EIA kits employed in the present study are 

shown in Table 2. Special attention should be paid to the cross-reactivity of MT on the T 

immunoassay (4.7%, personal communication with manufacturer). Accordingly, T levels 

measured in ovarian tissue after in vitro MT exposure (Paper IV) may potentially be incorrect, 

displaying artificial high T levels due to MT reactivity in the assay. However, T levels in 

control tissue were not significantly lower than levels in tissue treated with 1 and 10 µM MT 

(Paper IV). This further indicates a rapid steroid clearance in the tissue, as discussed earlier.   
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 Table 2. The specificities of the EIA kits employed in the present study. 
 

EIA kit 11-KT T MT E2 

11-KT 100% <0.01% n/a n/a 

T 2.2% 100% ~4.7% <0.01% 

E2 n/a 0.01% n/a 100% 
 * personal communication with manufacturer 
 
   

Previtellogenic oocyte growth and development 

One of the major findings of the present study was the obvious morphological changes in 

previtellogenic ovarian tissue after androgen treatment. In general, this is the first study to 

show that androgens (i.e. 11-KT and T) can promote the growth and development of Atlantic 

cod previtellogenic oocytes. Furthermore, the phenomenon of androgen induction of oocyte 

growth was demonstrated both in vitro (Paper I and II) and in vivo (Paper III). More 

specifically, 11-KT treatment resulted in significantly higher volume fractions of more 

developed oocytes compared to solvent control fish both in the in vitro and in vivo 

experiments. Treatment with T displayed a moderate morphological alteration in gonadal 

tissues, at least in vivo (Paper III), where no differences in volume fractions of more 

developed oocytes between T treated and solvent control fish were registered. Nevertheless, 

significantly higher fractions of initial primary oocytes and oogonia could be observed after T 

exposure. Thus, we speculate that the possible promoting effects of T on oocyte growth were 

suppressed or postponed as compared to treatment with 11-KT. In accordance, 11-KT was 

found to exert more pronounced effects than T on the growth and development of cod 

previtellogenic oocytes in vitro (Paper I and II).  

  

These observations are in compliance with previous studies in other species that have 

addressed the effects of 11-KT on previtellogenic oocyte growth in teleost fish. In these 

studies, it was shown that 11-KT promoted the generation of qualitatively larger gonads with 

more advanced oocytes in immature female eel, and significantly increased previtellogenic 

oocyte diameters by nearly 10% in vitro (Lokman et al. 2007; Rohr et al. 2001). Taken 

together, these observations suggest a general positive effect of the non-aromatizable 

androgen 11-KT on the growth and development of previtellogenic oocytes, at least in the 

teleost species so far studied. The present study adds novel information on the topic of 
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endocrine regulation of previtellogenic oocyte growth, suggesting that androgens can exert 

direct regulatory effects on oocyte growth in the previtellogenic cod ovary. As stated earlier, it 

has been demonstrated that androgens can induce vitellogenic responses in teleost fish (Hori 

et al. 1979; Le Menn et al. 1980; Mori et al. 1998; Peyon et al. 1997). In addition, the 

identification of nuclear ARs in the ovary of Atlantic croaker and kelp bass (Sperry and 

Thomas 1999a; Sperry and Thomas 1999b; Sperry and Thomas 2000) suggests that androgens 

may exert direct hormonal actions in the teleost ovary. Recently, cytochrome P45011β-

hydroxylase (P45011β), an enzyme involved in 11-KT production (see Figure 4), was 

localized in the ovary of the honeycomb grouper (Epinephelus merra) (Alam et al. 2005), 

adding further information on the role of androgens in female fish. 

 

The possible physiological functions of androgens in the ovary have been investigated also in 

mammals. In relation to small preantral follicles in mammals, which resemble fish 

previtellogenic oocytes, given that growth progresses slowly occurring both before and after 

puberty (Hsueh et al. 2000) and appearing to be mostly GtH-independent (Smitz and 

Cortvrindt 2002), androgens have been implicated in mammalian oogenesis (McGee 2000). 

For example, growing preantral and small antral follicles were significantly increased in 

number, and granulosa and thecal cell proliferation increased in androgen treated rhesus 

monkey (Vendola et al. 1998). Similarly, testosterone-treated women or those suffering from 

androgen excess (polycystic ovary syndrome; PCOS) showed increased number of growing 

follicles (Vercellini et al. 1993). A possible role for androgens in the ovary has also been 

observed in the mouse, where it was shown that female AR knock-out mice had reduced 

follicle number and average litter size (Shiina et al. 2006; Yeh et al. 2002). Elsewhere, using 

an in vitro culture system, preantral mice follicles developed faster in the presence of the non-

aromatizable androgen DHT (Murray et al. 1998). Similarly, androgens significantly 

increased the diameter of in vitro cultured follicles of immature mice (Wang et al. 2001). 

Direct androgen effects on ovarian follicles are very likely since AR mRNA abundance in 

rhesus monkey was highest in preantral to small antral follicles (Weil et al. 1998). Androgens 

also modify the intra-ovarian gene expression in the rhesus monkey, as demonstrated by 

increased mRNA abundance of insulin-like growth factor-1 (IGF-1) and IGF-1-receptor 

(Vendola et al. 1999) in follicles up to early antral stage. Elsewhere, androgen treatment 

significantly increased granulosa cell FSH receptor (FSHR) mRNA levels (Weil et al. 1999). 

Nevertheless, the molecular mechanisms of androgen actions in the ovary remain mostly 

unknown. 
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In contrast, a few earlier mammalian studies have reported negative effects of androgens on 

ovarian growth and development. For example, excess androgens levels have been associated 

with the induction of follicular atresia during murine oocyte maturation (Anderiesz and 

Trounson 1995). Elsewhere, ovarian androgens have been correlated with inhibition of 

follicular development (Billig et al. 1993; Farookhi 1985; Jia et al. 1985). From these 

conflicting reports, it is still largely unclear what effects androgens have on oocyte 

development. However, it seems likely that androgens do have a functional role during early 

ovarian development in vertebrates that needs to be further elucidated. 

 

Modulation of the steroidogenic pathway 

The rate-limiting step in steroidogenesis is the movement of cholesterol across the 

mitochondrial membrane by the StAR protein and the subsequent conversion to pregnenolone 

by the P450scc enzyme (see section on steroidogenesis in the introduction). In mammals, 

StAR and P450scc are rapidly synthesized in response to acute tropic hormone stimulation 

and cAMP. In general, agents that increase steroid biosynthesis also increase StAR mRNA 

expression (Stocco 2001). However, current knowledge about StAR is mostly based on 

mammalian studies, whereas the relationship between StAR gene expression and steroid 

production in fish is not very well described (Hagen et al. 2006; Stocco et al. 2005). In recent 

years, StAR and P450scc have been localized in most steroidogenic organs or tissues of 

teleost fish, and StAR cDNA has been cloned from a number of teleosts, including Atlantic 

cod (Goetz et al. 2004), Atlantic croaker (Nunez and Evans 2007), Rainbow trout (Kusakabe 

et al. 2002) and eel (Li et al. 2003). Interestingly, StAR expression data suggest that the 

molecular mechanisms of StAR synthesis and regulation in fish may differ from what has 

been previously observed in mammals (Goetz et al. 2004). Accordingly, these are still subject 

to continued investigation both in our laboratory and elsewhere.  

  

Effects of sex steroids or their mimics through non-receptor or non-genomic mechanisms that 

involve regulatory proteins are generally not well studied. Nevertheless, key enzymes 

involved in steroidogenesis are increasingly being considered as important targets for EDCs 

(Sanderson 2006), and have become subject for systematic investigation. For instance, it was 

recently shown that NP induced transcriptional changes of StAR, P450scc and the 

biotransformation enzymes CYP1A1 and CYP3A in Atlantic salmon brain (Arukwe 2005). In 

another study, NP modulated Atlantic salmon brain and liver P450arom isoforms (Meucci and 

Arukwe 2006). In addition, the synthetic pharmaceutical estrogen, ethynylestradiol (EE2) 

altered gene transcripts of StAR, P450scc, aromatase and CYP11β-hydroxylase in brain, head 
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kidney and ovary of Atlanic salmon (Lyssimachou and Arukwe 2007; Lyssimachou et al. 

2006; Vang et al. 2007). The present study demonstrates that that the synthetic pharmaceutical 

androgen MT and the estrogen mimic NP modulated StAR and P450scc expression in 

previtellogenic cod gonadal tissue (Paper IV and V, respectively). This suggests that the 

experimental samples were experiencing impaired acute steroidogenesis. To further evaluate 

these transcriptional modulations and investigate the possible correlation between mRNA 

transcription and protein/enzyme expression, we used histological samples of MT and NP 

exposed previtellogenic ovarian tissue applied with immunohistochemical detection of StAR 

and P450scc protein expression. We demonstrated the localization of these proteins mainly in 

developing follicular cells. However, no differences in staining intensities were registered, as 

the immunohistochemical is mainly a qualitative analytic method. Newly synthesized StAR is 

often present in low levels (Artemenko et al. 2001) and may not be easily detected by the 

qualitative immunohistochemical approach. More interesting is the reduced levels of E2 and 

11-KT after NP exposure and the observation that 11-KT levels seemed to correlate to StAR 

mRNA expression (Paper V). This suggests that NP can modulate steroidogenesis by 

targeting the StAR protein. Taken together, we suggest that NP and MT may exert non-

receptor mediated effects in the previtellogenic cod ovary, and these effects may have 

potential consequences for the vitellogenic process and general fecundity. Given the important 

role of StAR and P450scc in the steroiodogenic pathway, they may prove to be effective 

molecular and cellular targets for pollutants and useful biomarkers to evaluate endocrine 

system function in fish species. 

  

The gene expressions of StAR, P450scc and 20β-HSD after in vivo androgen exposure (Paper 

III) show an increasing pattern after androgen exposure. Furthermore, expression patterns of 

StAR and P450scc were fairly similar. This is in accordance with a previous study by Geslin 

and Auperin (2004), where a positive correlation between the expression profiles of StAR and 

P450scc was observed, suggesting a similar mechanism of transcriptional regulations for these 

two genes in teleosts. In accordance with our studies, earlier studies on StAR and P450scc 

gene expression (Campbell et al. 2006; Ijiri et al. 2006; Nakamura et al. 2005; Vizziano et al. 

2007), indicate that transcription rates are modestly increased during oocyte growth, 

indicating exposure to sex hormones (androgens and/or estrogens) or their mimics. In contrast, 

other studies have shown no alterations (Nunez and Evans 2007) or even decreased levels 

(Ings and Van Der Kraak 2006) of StAR transcripts after sex hormone exposure or during 

ovarian development. Nevertheless, StAR and P450scc ovarian mRNA levels are low in most 
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teleost species, and indicate a delicate regulation of steroidogenesis in teleost fish that needs 

further attention.    

  

In teleosts, gonadal steroids are known to modulate both the synthesis and release of 

gonadotropins by the pituitary and influence several brain functions that are apparently 

responsible for gender-specific differences in the regulation of hypothalamus-pituitary-

gonadal (HPG) axis. Although the StAR and P450scc are the main proteins involved in the 

early steroidogenic pathway, other proteins such as P450arom, CYP17, 3β- 11β- and 20β-

hydroxysteroid dehydrogenase (HSD) (Miller 1988) are also key enzymes in gonadal 

steroidogenesis. For examples, the P450arom is a crucial steroidogenic enzyme catalyzing the 

final step in the conversion of androgens to estrogens (Callard et al. 2001; Kishida and Callard 

2001) in vertebrates. 20β-HSD is the key steroidogenic enzyme in the production of MIH 

(Tanaka et al. 2002) (see section on steroidogenesis in the introduction), and was recently 

cloned from Atlantic cod ovary (Mittelholzer et al. 2007). We have demonstrated the presence 

of high levels of 20β-HSD transcripts in immature cod ovary, which is composed entirely of 

oogonia and previtellogenic oocytes (Paper III). However, the functional enzyme is not 

thought to be required in high quantities until oocytes reach final maturation. The increased 

20β-HSD mRNA levels after androgen exposure suggest an androgen-mediated increase in 

the transcription of 20β-HSD mRNA, presumably in response to oocyte developmental 

requirements.  

  

The experiments described in this thesis also aimed at gaining further insight into the 

processes that regulate P450arom, the rate-limiting enzyme in estrogen production. A vast 

number of earlier studies have measured P450arom mRNA expression in teleosts (for a 

review, see (Cheshenko et al. 2008). Most of these studies have addressed P450aromA (the 

isoform being dominantly expressed in the ovary) expression profiles with regard to sex 

differentiation or possible sex reversal, and it is believed that P450aromA plays an essential 

role in the regulation of sexual differentiation and the female reproductive cycle in teleosts 

(Cheshenko et al. 2008). However, the functional significance of P450aromA expression at 

early developmental stages of teleost oocytes is not well understood, and the effects of sex 

hormone or their mimics on P450aromA expression seem to differ depending on 

developmental stage, cellular context and species, probably being controlled by different 

promoters and second messenger pathways (Cheshenko et al. 2008). The present study 

revealed that transcript levels of P450aromA were only modestly affected by 11-KT, T 
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(Paper III) and MT (Paper IV). Additionally, generally low transcript levels of P450aromA 

were detected in the previtellogenic cod ovary.  

 

Modulation of genes associated with zona radiata 

The egg envelope, which is of critical importance for optimal oocyte growth and sperm-egg 

interaction, consists of a family of related zona pellucida glycoproteins (ZPs) with a 

conserved ZP domain (Conner and Hughes 2003). Very recent studies have demonstrated that 

teleost species have at least three isoforms of ZP proteins, ZP1 (ZPB), ZP3 (ZPC) and ZPX 

(Modig et al. 2006; Modig et al. 2007). However, the ZP nomenclature is confusing, and this 

complicates comparison between mammalian and fish ZP genes, as well as between different 

teleost species (Arukwe and Goksøyr 2003). The site of ZP protein synthesis has been a 

debated issue for years. Earlier studies suggested that some teleost species, such as rainbow 

trout (Oppen-Berntsen et al. 1992a), Atlantic cod (Oppen-Berntsen et al. 1992b), Atlantic 

salmon (Oppen-Berntsen et al. 1999), winter flounder (Lyons et al. 1993) and gilthead 

seabream (Del Giacco et al. 1998) produce ZP proteins exclusively in their liver. However, 

recent studies have demonstrated ZP mRNA transcripts in the ovary of a number of teleost 

species, including Atlantic cod (Goetz et al. 2006; Govoroun et al. 2006; Hyllner et al. 2001; 

Kanamori 2000; Luckenbach et al. 2008; Modig et al. 2006; Zeng and Gong 2002). It has also 

been demonstrated that some species, such as zebrafish and carp, express ZP proteins 

exclusively in the ovaries (Chang et al. 1997; Wang and Gong 1999), and the ovary is 

probably the only site for ZP biosynthesis in these species. However, ZP protein synthesis can 

probably take place both in liver and ovary for many teleost species. The functional 

significance of producing ZP proteins in two different sites is not known (Modig et al. 2006). 

  

In the present study, we demonstrate high levels of ZP transcripts in the previtellogenic 

Atlantic cod ovary (Paper I, II and III) using qPCR and in situ hybridization. However, data 

obtained after in vitro (Paper I and II) and in vivo (Paper III) androgen exposure showed 

conflicting expression profiles of ZP genes, which can generally be described as increased 

after androgen treatment (in vitro) or 11-KT insensitive and decreased after T administration 

(in vivo). Several other studies have demonstrated abundant levels of ZP transcripts in teleost 

oocytes during previtellogenic growth, displaying higher ZP mRNA levels in the more 

undeveloped stages of oocyte growth (Chang et al. 1997; Luckenbach et al. 2008; Zeng and 

Gong 2002). Elsewhere, while E2 regulation of ZP synthesis is a well known phenomenon, 

androgens have been suggested to regulate ZPs in fish (Miura et al. 1998) and birds (Pan et al. 

2001). In terms of environmental toxicology, ZP proteins have also been suggested as an 
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alternative indicator for estrogenic EDC exposure (Arukwe et al. 1997; Arukwe et al. 2002; 

Arukwe et al. 2001). Although not conclusive, the present study suggests that androgens can 

modulate the transcriptional profile of ZP genes in the previtellogenic cod ovary, possibly in 

correlation with development of the oocyte envelope. 

 

Effects on genes involved in cell cycle and growth control 

Final oocyte maturation is triggered by the MPF induced on the oocyte surface by MIHs that 

are secreted from ovarian granulosa cells (see section on endocrine regulation of oocyte 

growth and maturation in the introduction). MPF comprises two components; the catalytic 

subunit cdc2 and the regulatory subunit cyclin-B (Kondo et al. 1997; Morgan 1995). Cyclin-B 

transcripts have been demonstrated in immature oocytes of goldfish (Nagahama 1997) and 

zebrafish (Kondo et al. 2001), but they are not translated until later, when the oocyte reach the 

maturation phase, and earlier reports have demonstrated that MIH stimulates the translation of 

cyclin-B mRNA in immature oocytes (Hirai et al. 1992; Kondo et al. 2001). Other studies 

have suggested that the accumulation of cyclin-B in oocytes is involved in the regulation of 

the early embryonic cell cycle (Aegerter et al. 2004), and that expression of cyclin-B in 

previtellogenic oocytes indicates somatic follicle cells undergoing mitotic divisions (von 

Schalburg et al. 2005). The present study demonstrates high levels of cyclin-B mRNA in the 

previtellogenic cod ovary. Furthermore, we show that natural occurring androgens (Paper I 

and II), as well as EDCs (MT; Paper IV and NP; Paper V) are able to affect cyclin-B 

transcription levels. Thus, gene expression patterns of cyclin-B may be used as sensitive 

markers for early oocyte growth and developmental competence in teleost fish (Aegerter et al. 

2004).  

 

Androgen treatment was associated with a general increase in opioid growth factor receptor 

(OGFr) mRNA levels (Paper III). The OGFr is generally related to tissue development and 

cellular renewal, and was recently identified in Atlantic salmon skin (Matejusova et al. 2006). 

Our findings are interesting since it demonstrates the expression of OGFr mRNA in 

previtellogenic Atlantic cod ovary. The increase in OGFr mRNA and the related oocyte 

development after androgen exposure suggests a possible important role of OGFr in oocyte 

growth in this species that needs further attention. 
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CONCLUDING REMARKS  

Emerging technologies that include genomics and proteomics are revolutionizing the science 

of reproductive physiology and endocrinology among other scientific disciplines. As a result, 

researchers have genuine possibilities to fully describe and understand the molecular basis and 

interactions in organisms that form may contribute to functional and developmental processes. 

In these contexts, the present study demonstrates, for the first time, that androgens may induce 

early ovarian development in immature female Atlantic cod. Our findings provided further 

evidence to our hypothesis that androgens are involved in the regulation of previtellogenic 

oocyte growth and development in this species. In general, both 11-KT and T are capable of 

inducing oocyte growth, with the former hormone being the strongest modulator. Additionally, 

the present study provides the identification, sequencing and the expression patterns of a 

number of androgen responsive gene transcripts in the previtellogenic cod ovary. A targeted 

cod microarray (CodArray), consisting of SSH clones with unique expression patterns that 

were either up or down regulated after in vitro androgen exposure of previtellogenic ovarian 

tissue was developed. The consistent expression patterns of candidate genes involved in 

steroidogenesis and oocyte growth control adds further information on how androgenic action 

may cause advances in previtellogenic oocyte growth. Although not conclusive, the 

demonstration of previtellogenic oocyte growth and development after androgen exposure and 

the related differential expression of a number of androgen responsive genes reveal novel 

roles of androgens on the growth and development of previtellogenic oocytes, indicating 

androgen control of early follicular and oocyte growth in the Atlantic cod ovary. In general, 

our findings may form the basis for generating more hypotheses for further detailed studies 

and for deduction of evolutionary relatedness in androgen control of early oocyte growth in 

vertebrates. 

 

The Atlantic cod is a popular species with large economic value and the farming potential on 

a global basis is therefore regarded as extremely high. Despite its high economic significance, 

the Atlantic cod is not a well-studied species from an endocrinological standpoint. Thus, the 

novel roles of androgens as promoters of ovarian growth and development shown in these 

experiments will be beneficial for the aquaculture industry and for breeding of new captive 

and endangered species. It can also form the basis for the development of useful models in 

fisheries management. Differentially expressed genes may form an integral link with 

quantifiable environmental variables that may affect fecundity (e.g. temperature, salinity, food 

availability and growth rates). Furthermore, we believe the present study will have a 
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significant economic benefit for predictive ecological models, particularly with respect to the 

noticeable and worldwide declining cod stock. 

 

Future perspectives 

Although this thesis produced new information concerning the hormonal mechanisms that 

may regulate early oocyte growth and development in fish, extensive research effort is needed 

in order to fully understand this aspect of reproductive physiology. Whether the androgen-

induced ovarian growth demonstrated in this study is an exception, rather than a rule among 

different vertebrate species remains to be elucidated. The next step to answering this question 

is probably to understand the function of ARs in the ovary, including the following specific 

approaches for further studies: 

 

  What receptor does 11-KT bind to?  

  Are ARs found in both germ cells and follicle cells?  

  What are the promoter regions of the ARs observed in the teleost ovary? 

  What are the expression patterns of ARs throughout the reproductive cycle? 

 

Recent proteomics technologies have also given the possibilities to study the functional 

outcome of expressed genes (i.e. proteins) in developing oocytes. By employing these 

analytical methods, comprehensive surveys of the protein content in cells and/or organs at 

particular developmental stage can be undertaken. In addition, they give the possibility to 

monitor the changes in the relative amount of proteins of interest during reproductive events. 

Finally, patterns of protein post-translational modifications can be followed. Proteomics 

technologies include one or two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) 

with subsequent mass spectrometry (MS) analysis. MS analyses can be particular useful for 

less studied organisms such as the Atlantic cod, as they generate accurate measurements of 

protein masses and /or their peptide sequences after enzymatic digestion with trypsin. The 

characterization of androgen responsive proteins in immature female teleosts will probably 

offer more explanations on how androgens mediate their ovarian actions, especially when 

evaluated in relation to transcriptional patterns and sex steroid levels. We have initiated this 

part of the research, but it is yet to be concluded.   
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ERRATA 
 
Paper V. 
 
Previtellogenic oocytes had a diameter of approximately 100 µm. In accordance, bar in Fig. 4 
and Fig. 5 equals 30 µm. 
 
 
In Table 1, the correct primer pair sequences shall be: 
 

 * sequences are given in the 5’ – 3’ order 
 
 

Primer sequence* 
 
Target Gene 

Forward Reverse 

StAR CAACGTCAAGCAGGTCAAGA GCATCGGGCTTCAACACTAT 

P450scc AACAACTACTTCCGCAGCCT CGGTAGAACAATGAGCTGGA 

Cyclin-B CGGGAGATGGAGATGACTGT TCTCGTAGTCCACCATGCAG 
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Osted that androgens may play an integral role in early oocyte development in fish.

This study evaluated the effects of androgens (11-
^
ketotestosterone: 11-

^
KT and testosterone: T) on gene

expression patterns and growth of cod previtellogenic oocytes. cDNA libraries of androgen-
^
responsive genes

were generated using suppressive subtractive hybridization (SSH) of clones containing differentially
expressed genes in oocytes separately exposed to different concentrations of 11-

^
KT and T, in addition to a

solvent control. Secondly, a targeted microarray was developed based on differentially expressed genes. In
the experimental setup, tissue was cultured in vitro with different concentrations of 11-

^
KT and T (0, 10 and

100 μM). The array analyses showed 0.5–
^
3.5-
^
fold significant alterations in transcript levels for a number of

genes. Real-
^
time PCR and in -situ hybridization were also used to analyze the changes in expression for

selected genes. Quantitative histological analyses showed a consistent stereological validation of oocyte
growth and development after exposure to androgens. The present study reveals novel roles of androgens on
the development of previtellogenic oocytes, suggesting androgen control of early oocyte growth in cod. The
strong effects of 11-

^
KT on oocyte growth support our hypothesis that non-

^
aromatizable androgens may exert

direct hormonal effects in previtellogenic oocytes, with possible consequences for overt fecundity.
© 2008 Published by Elsevier Inc.
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^
. Introduction

Prior to vitellogenesis (previtellogenesis), androgens are suggested to
playan integral role in the regulationof oocyte growth anddevelopment.
Preliminaryevidence supporting these assumptionsare derived fromthe
induction of oocyte growth in androgen exposed immature female eels
(Rohr et al., 2001). It has been demonstrated that 11-

^
ketotestosterone

(11-
^
KT, the active male-

^
specific androgen in teleosts) induces growth

(increase in oocyte diameter) and development of previtellogenic eel
oocytes both in vitro and in vivo (Lokman et al., 2007; Rohr et al., 2001).
Generally, androgens appear to play a pivotal role in stimulating the
growth of small ovarian follicles in vertebrates, at least in mammals and
fish (Rohr et al., 2001; Weil et al., 1999, 1998). In mammals, androgens
also modify the intra-

^
ovarian gene expression, as demonstrated by

increased mRNA abundance of insulin-
^
like growth factor-

^
1 (IGF-

^
1) and

IGF-
^
1-
^
receptor (Vendola et al., 1999) in follicles up to early antral stage.

The role of androgens in previtellogenic oocytes is supported by the
observation that the early ovarian growth of species-

^
specific critical

stage progressed in hypophysectomized freshwater turtle, Chrysemys
picta, indicating that gonadotrophinswerenot necessary (Hoet al.,1982).
69

70

71

72
73 591600.

sevier Inc.
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Furthermore,
^
Bieniarz and Kime

^
(1986) were unable to demonstrate

specific binding of radio labeled GtH (125I-
^
GtH) to previtellogenic

common carp (Cyprinus carpio) ovaries. Except for the evidence that
androgens increase oocyte diameter and modify growth factor mRNA
abundance, theunderlyingmolecularmechanism(s) involved inpossible
regulation of genes whose functional products modulate the growth of
previtellogenic oocytes has not been investigated.

Oviparous vertebrates lay yolky eggs that provide necessary
nutrients for embryonic development. Oogenesis is an integral aspect
of reproduction that comprises a multi-

^
step process resulting in egg

laying and can be divided into previtellogenesis, vitellogenesis and
final oocyte maturation (Tyler and Sumpter, 1996). The fish ovary
consists of numerous ovigerous folds extending from the ovarian wall
towards the centre of the ovary. The oogonia are formed by mitosis in
the vicinity of the luminal epithelium, and are recognized as small
nests of mitotic cells dispersed within the ovary connective tissue.
Oogenesis commences when oogonia are transformed into previtello-
genic oocytes, and each oocyte is simultaneously surrounded by a
follicular cell envelope (Kjesbu and Kryvi, 1989). Final maturation
transforms small primary oocytes in meiotic prophase into large yolky
haploid eggs ready for ovulation and fertilization (Caussanel and
Breuzet, 1977). Oogenesis in Atlantic cod has previously been
investigated (Dahle et al., 2003; Kjesbu and Kryvi, 1989; Kjesbu et al.,
1996) and these studies mainly focused on the vitellogenic process.
luating the role of androgens on the growth of
^
Atlantic cod (Gadus

, doi:10.1016/j.cbd.2008.04.001
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Thus, what is known today about previtellogenesis in cod (and teleosts
in general) is in sharp contrast with the knowledge regarding the
processes of vitellogenesis and final oocyte maturation (Tyler and
Sumpter, 1996). The endocrine system plays amajor role in controlling
oogenesis in oviparous vertebrates. Gonadotropins secreted from the
pituitary gland finally stimulate the ovarian production of steroids
hormones (estrogens), which in turn mediate the vitellogenic process.
Final oocyte maturation is mediated by progesterone-

^
derivatives

(Chan et al., 1978). During the previtellogenic phase, the oocytes of a
typical teleost fish may increase at least 10-

^
fold in diameter (from

about 10–
^
15
^
μm to over 150

^
μM). An extensive synthesis of RNA, mRNA

coding for vitellogenin (Vtg)-
^
receptor, accumulation of mitochondria,

polyribosomes, lipids and cortical alveoli are all characteristics of
previtellogenesis (Mommsen and Walsh, 1988). In addition, the
formation of the zona radiata and ovarian follicle are integral aspects
of early oocyte growth (Abraham et al., 1984). Despite the fact that
these changes are integral and critical processes in oogenesis,
essentially nothing is known about their endocrine and/or physiolo-
gical control in the early stages. Given that fecundity seems to be
largely determined during previtellogenesis in response to nutritional
cues in rainbow trout (Bromage et al., 1992; MacKenzie et al., 1998),
this still represents a stronggap in our knowledge offish endocrine and
reproductive physiology.

Like in other vertebrates, testosterone (T) is present in female teleost
fish. In addition, the non-

^
aromatizable androgen 11-

^
ketotestosterone

(11-
^
KT) is usually present, and generally believed to be the most potent

androgen in teleosts (Borg 1994; Lokmanet al., 2002). Despite that11-
^
KT

is generally believed to be the active male-
^
specific androgen in teleosts,

it has been found at elevated levels in some female teleosts (Leatherland
et al., 1982; Slater et al., 1994). However, aromatizable (T) and non-

^aromatizable (11-
^
KT) androgens may have strikingly different effects

(Borg 1994). Androgens mediate their actions by binding to specific
receptors belonging to the steroid hormone receptor super-

^
family.

Androgen receptor (AR) isoformshave been identified in several teleosts
(Ikeuchi et al., 1999; Takeo and Yamashita, 1999; Todo et al., 1999;
Touhata et al., 1999). ARs are usually located in the nucleus, and have
normally high binding affinities for either T or 5α-

^
dihydrotestosterone

(DHT) (Sperry and Thomas,1999a,b, 2000). Recently, a nuclear androgen
receptor activated by 11-

^
KT was characterized (Olsson et al., 2005).

Despite the significance of these findings for fish reproductive physi-
ology, the abovementioned studies did not describe exactly the roles or
effects of androgens in thefish ovary.We believed that the identification
of androgen-

^
responsive genes and the characterization of specific gene

expression patterns due to androgen stimulation of fish oocytes will
provide a better understanding of the internal signals that control
fecundity in teleosts.

Therefore, we have used the analytical power of suppressive sub-
tractive hybridization (SSH)with subsequent development of a targeted
cDNA gene array (CodArray) to open a possible revealing window in
understanding the functional aspects of androgen effects on oocyte
growth anddevelopment, andwepresent the identification of a number
of androgen-

^
responsive genes in the previtellogenic cod ovary. SSH,

sequencing of cod androgen-
^
responsive previtellogenic ovarian genes

and expressionprofiling studies represent a potentially important scien-
tific and practical approach for developing an efficient hormonal control
of fecundity in the aquaculture industry (especially for new species) and
fishery stock management.

2
^
. Materials and methods

2.1
^
. Chemicals and reagents

Testosterone (T) was purchased from Fluka chemika-
^
biochemika

(Buchs, Switzerland) and 11-
^
ketotestosterone (11-

^
KT) was kindly

provided by Dr Bente Nilsen (Biosense Laboratories AS, Norway). Trizol
reagent for RNA purification, TA cloning kit, Leibovitz L-15 medium and
^
Please cite this article as: Kortner, T.M., et al., Genomic approach in eva
morhua) previtellogenic oocytes, Comp. Biochem. Physiol., Part D (2008)
TE
D
PR

OO
F

1Superscript III cDNAsynthesis kitwerepurchased fromGibco-
^
Invitrogen

1life technologies (Carlsbad, CA, USA). Bovine serum albumin (BSA) and
1N-

^
[2-
^
hydroxyethyl]piperazine-

^
N′
^
-
^
[2-
^
ethanesulfonic acid] (Hepes) were

1purchased from Sigma Chemical (St. Louis, MO, USA). Iscript cDNA
1Synthesis Kit and iTaq™Sybr® Green supermix with ROX were
1purchased from Bio-

^
Rad laboratories (Hercules, CA, USA) and Generu-

1ler™ 100 bp DNA ladder and dNTPs from Fermentas GmbH (Germany).
1RNA later, sodium salt citrate (SSC) and sodium dodecyl sulfate (SDS)
1washing solutions were purchased from Ambion (Austin, TX, USA),
1Oligotex mRNA kit from Qiagen (Valencia, CA, USA), MultiScreen-

^
PCR96

1filter plates from Millipore (Billerica, MA, USA) and 3DNA array 350
1microarray kit from Genisphere (Hatfield, PA, USA). Amicon YM30
1columns were purchased from Millipore (Volketswil, Switzerland). 11-
1̂KTenzyme immuno

^
assay (EIA) kit (Cat.No. 582751)waspurchased from

1Cayman
^
Chemical

^
Company (Ann Arbor, MI, USA). All other chemicals

1were of the highest commercially available grade.

12.2
^
. Animals and floating agarose in vitro culture technique

1Juvenile, previtellogenic female Atlantic cod (Gadus morhua,
1Gadidae), 150–

^
350 g body mass were purchased from Akvaforsk

1Genetic
^
Centre (Sunndalsøra, Norway) and kept in circulating water at

110 °C and 12:12 h light:dark photoperiod. The organ culture technique
1employed was based on the in vitro agarose floating method, which
1has successfully been used previously in our laboratory for related
1studies on cod and Atlantic salmon gonadal tissues (Kortner and
1Arukwe, 2007a,b; Vang et al., in press). Briefly, juvenile female cod
1were anesthetized, sacrificed and washed in 70% ethanol. Ovaries
1were removed, cut into small pieces (1×

^
1×
^
1mm) and grown in 6-

^
well

1dishes on a floating agarose substrate covered with a nitrocellulose
1membrane in basal culture media. The basal culture medium
1consisted of Leibovitz L-

^
15 medium supplemented with 0.1 mM

^
L-

1̂glutamate, 0.1 mM
^
L-
^
aspartate, 1.7 mM

^
L-
^
proline, 0.5% BSA, and 10 mM

1HEPES (pH 7.4). The gonadal tissue was cultured randomly in
1triplicates (n=

^
3) for 5 and 10 days with different concentrations of

1testosterone and 11-
^
KT (0 (control), 10 and 100 μM) in a humidified

1incubator at 10 °C. The control group received ethanol (carrier vehicle
1for the androgens) and the final concentration of ethanol in all
1exposure groups was 0.3% (v/v). The medium was changed every
15 days after sampling at days 5 and 10 of exposure. After cultivation,
1tissues for RNA purification were homogenized directly in Trizol
1reagent and stored at −

^
80 °C until further processing. Tissues for

1histological analyses were placed in tissue cassettes with a nylonmesh
1and fixed in 4% paraformaldehyde.

12.3
^
. Production of substracted cDNA library

1We generated a targeted cDNA library by performing suppressive
1subtractive hybridization (SSH) with ovary tissue from juvenile
1Atlantic

^
cod exposed separately to 11-

^
KT and T (1, 50 and 100 μM)

1and used against untreated samples (solvent control samples). Tissues
1were incubated in vitro as described above, with cultivation for 7 and
114 days. After 7 and 14 days of exposure, samples were collected and
1transferred to RNA later. The total RNA was isolated using phenol:
1chloroform, and messenger RNA (mRNA) was purified from total RNA
1using an Oligotex mRNA kit and used for subtractive hybridization.
1The SSH experiment was performed in the forward and reverse
1directions to obtain up-

^
regulated and down-

^
regulated genes, respec-

1tively. Subtractive hybridizations were constructed using the Clontech
1(Palo Alto, CA, USA) SSH kit following themanufacturer'

^
s protocol. The

1SSHwas performed by EcoArray Inc. (Alachua, FL, USA) under contract.
1Sequenced clones were analyzed using Blastx against the NCBI
1nonredundant (nr) protein database and Blastn against the NCBI
1nucleotide (nt) database. The chosen e-

^
value cut-

^
off was 10−

^
5 for blast

1searches. Finally, clones were annotated and downloaded to the NCBI
1GenBank EST database under the title CodArray SSH cDNA library.
luating the role of androgens on the growth of
^
Atlantic cod (Gadus
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2.4
^
. Array spotting

The cod gonadal cDNA array (CodArray) was constructed using
clones with expression patterns that were either up-

^
or down-

regulated in the subtracted library. However, SSH generated a number
of redundant clones in the subtracted amplicons, and several genes
suspected to be involved in the transcriptional regulation of oocyte
growth and development were not represented after performing
SSH in the present study. Therefore, transcripts for some genes (e.g.
steroidogenic acute regulatory protein (StAR), cytochrome P450-
mediated side-

^
chain cleavage (P450scc) and cyclin-

^
B) were amplified

by PCR using specific primers from conserved regions of the respec-
tive genes based on sequence information in NCBI GenBank. The PCR
products were cloned into Escherichia coli plasmids and subsequently
added to the array. All clones were PCR amplified, verified by agarose
gel electrophoresis and then purified using MultiScreen-

^
PCR96 Filter

Plates. Clones were diluted in 50% DMSO buffer and spotted onto
Corning Ultragaps glass slides (humidity: 50%, temperature: 18 °C)
and cross-

^
linked by UV radiation (800 mJ). The printing service was

provided by the Norwegian Microarray Consortium (NMC) at the
National Technology Platform supported by the functional genomics
programme (FUGE) of the Norwegian Research Council (NFR).

2.5
^
. RNA purification and cDNA synthesis

Total RNA was purified from tissues homogenized in Trizol reagent
according to established procedures. Quantification, purity and RNA
integrity were evaluated by absorbance at 260 and 280 nm using a
NanoDrop® ND-

^
1000 UV–

^
Visible Spectrophotometer (NanoDrop Tech-

nologies, Wilmington, DE, USA) and agarose gel electrophoresis. High
quality RNA with A260/A280 ratio above 1.8 and intact ribosomal 28

^
S

and18
^
SRNAbandswasused for cDNA synthesis. Total cDNA for the real-

time polymerase chain reaction (PCR) were generated from 1 μg total
RNA from all samples using a mixture of random and poly-

^
T primers

from iScript cDNA synthesis kit as described by the manufacturer (Bio-
^Rad). Prior to quantification each cDNA sample was diluted 1:6.

2.6
^
. Probe labelling and hybridization

Hybridization of the array was performed using Cy5/Cy3-
^
labeled

cDNAprobes. cDNAprobeswere generatedusing5 μg total RNA from the
respective exposure conditions in triplicates (n=

^
3) using Superscript III

cDNA synthesis kit as described by the manufacturer (Invitrogen) and
1 μL Cy5 or Cy3 RT primers, 1 μL dNTPs, 2 μL of 0.1 M DTT and 1 μL of
RNAse inhibitor using 3DNA Array 350 microarray kit (Genisphere) for
each reaction. cDNA probes were generated by incubating samples for
1 h at 50

^
°
^
C. After incubation, the RT reactionwas terminated by adding

0.5 M NaOH/50 mM EDTA, and neutralized in Tris buffer. Probes
generated for the two different exposure conditions were mixed and
concentrated using YM30 columns. Each cDNAprobemixwas diluted in
water andhybridizationbuffer to a total volumeof 60 μL according to the
manufactures'

^
protocol. cDNA probe hybridization was performed

overnight at
^
60 °C using a Advalytix SlideBooster SB800 (Advalytix AG,

Brunnthal, Germany). After cDNA probe hybridization, slides were
washed in2xSSC/0.1%SDSat

^
55 °C for 10min, thenwashed (3×

^
5min) in

1x SSC at RT and finally washed (2×
^
5 min) in 0.1x SSC at RT. Thereafter,

hybridization of 3DNA Array 350 Capture Reagent was performed for
2.5 h before slidewash as described above anddrying by compressed air.
Finally, slideswere dipped in a stabilization and drying solution (Agilent
Technologies, CA, USA) for 30 s

^
and scanned using an Agilent G2505B

micro array scanner.

2.7
^
. Array experimental design and statistical analysis

For both treatments in the experiment (T and 11-
^
KT) microarrays

were used to study gene expression levels at two different time points
Please cite this article as: Kortner, T.M., et al., Genomic approach in eva
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(5 and 10 days) and three different concentrations (0 (solvent control),
10 and 100 μM), six conditions in total. For each condition three
biological replicates were available. To compare the experimental
conditions, 36 arrays were used for each treatment (11-

^
KT and T) and

co-
^
hybridizationswere performed according to a loop design, inwhich

all biological replicates appeared in more than one array causing the
arrays not to be statistically independent. The images from the scanned
arrays were processed using the GenePix Pro 5.1 software. The data
were then filtered to remove spots that had been flagged ‘

^
Absent’

^
, ‘
^
Not

Found’
^
or ‘
^
Bad’
^
. Spots that hadmore

^
than 20% saturated pixels, or had a

mean foreground intensity less than 1.5 times the local median
background intensity were also removed. No background subtraction
was performed. The data from each array were log-

^
transformed and

normalized using the global loess method (Yang et al., 2001). The
arrayswere then scaled to having the samemedian absolute deviation.
The reason for using a global instead of printtip loess approachwas the
sparse information available for each subarray. For making statistical
inference on differentially regulated genes the limma package (Smyth,
2004) was used. The limma approach is based on fitting a linear model
to the expression data for each probe on amicroarray. To adjust for the
fact that the same biological replicatewas used onmore than one array
amodelwasfittedwith a coefficient for each replicate. Fromthemodel,
contrasts could then be extracted between replicates from different
experimental conditions. For each pair of experimental conditions
hypothesis tests were performed to test if the expression level of the
genes had changed. From the resulting p-

^
values, q-

^
values (Storey,

2002) were calculated. The q-
^
value for a gene is the expected pr-

oportion of false positives one will get when calling that gene sig-
nificant. For a gene to be considered significantly differentially
expressed between two conditions its q-

^
value was required to be

lower than 0.05, in effect controlling the false discovery rate (FDR)
(Benjamini and Hochberg, 1995) for each comparison at a 0.05 level.

2.8
^
. Database submission

The array data were prepared according to the “

^
minimum

information about microarray experiment”
^
(MIAME) recommenda-

tions, and deposited in the ArrayExpress database (http://www.ebi.ac.
uk/arrayexpress/) with accession number (to be provided later).

2.9
^
. Primer optimization, cloning and sequencing

PCR primers for amplification of 106
^
–

^̂
246 bp gene

^
specific PCR

products were designed from conserved regions of the studied genes.
The primer sequences, their amplicon size and the optimal annealing
temperatures are shown in Table 1. Prior to PCR reactions, all primer
pairs were used in titration reactions in order to determine optimal
primer pair concentrations and their optimal annealing temperatures.
All chosen primer pair concentrations used at the selected annealing
temperatures gave a single band for the expected amplicon size in all
reactions.

2.10
^
. Quantitative (real-

^
time) PCR

The expression of individual gene targets was analyzed using the
Mx3000P REAL-

^
TIME PCR SYSTEM (Stratagene, La Jolla, CA, USA).

Every 25-
^
μL DNA amplification reaction contained 12.5 μL of

iTAQ™YBR® Green Supermix with ROX (Bio-
^
Rad), 5 μL of diluted

cDNA and 200 nM of each forward and reverse primers. The 3-
^
step

real-
^
time PCR program included an enzyme activation step at 95 °C

(5 min) and 40 cycles of 95 °C (30 s), 52–
^
60 °C for 30 s, depending on

the primers used (see Table 1) and 72 °C (30 s). Controls lacking cDNA
template were included to determine the specificity of target cDNA
amplification. Cycle threshold (Ct) values obtained were converted
into mRNA copy number using standard plots of Ct versus log copy
number. Standard plots for each target sequencewere generated using
luating the role of androgens on the growth of
^
Atlantic cod (Gadus

, doi:10.1016/j.cbd.2008.04.001
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Table 2 t2:1

Classification of developmental stages of Atlantic cod previtellogenic oocytes
t2:2
t2:3Previtellogenic oocyte

developmental stage
Main cellular characteristics Histological images

t2:4Proliferating oogonia Small nests of mitotic cells dispersed
within the connective tissue.
Oogonia are small and circular, with a
clear cytoplasm. Bar=

^
10 μM

^
.

t2:5Initial primary growth Primary oocytes had one large,
usually peripheral nucleus. The
oocyte is still attached to the
connective tissue. The cytoplasm is
strongly basophilic due to the high
RNA concentration. Bar=

^
10 μM

^
.

t2:6Primary
previtellogenic growth

Primary oocytes showed one large,
centrally located nucleus with
several basophilic nucle

^̂
i at the

periphery. The cytoplasm stains also
basophilic. Follicular cells are scarce
and undifferentiated. Bar=

^
15 μM

^
.

t2:7Advanced
previtellogenic growth

The oocyte becomes a larger cell. The
cytoplasm has more vesicles and
becomes less basophilic due to a
decreased RNA concentration. The
follicular cells are appearing and
begin differentiating. Bar=

^
30 μM

^
.

Table 1t1:1

Primer pair sequences, amplicon size and annealing temperature conditions for gene transcripts analyzed by real-
^
time PCR

^t1:2
t1:3 Target

^
gene Primer sequence

^
a Amplicon size (bp) Annealing temp. (°C) Genbank accession no.

t1:4 Forward Reverse

t1:5 ZPA CACATCAGCTCACCCTCAGA GACGCCCTACTAGTCCCACA 106 60 ES880740
t1:6 Cyclin-

^
B CGGGAGATGGAGATGACTGT TCTCGTAGTCCACCATGCAG 150 58 CO542315

t1:7 HSP90β CAGGAACCAGGTAGGCAGAG CCAAAACCGGACCTAATCAA 144 55 ES880664
t1:8 StAR CAACGTCAAGCAGGTCAAGA GCATCGGGCTTCAACACTAT 246 52 AY291434
t1:9 P450scc AACAACTACTTCCGCAGCCT CGGTAGAACAATGAGCTGGA 170 55 AY706102

^
a Sequences are given in the 5′

^̂
–

^̂
3′
^
orientation.t1:10
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known amounts of plasmid containing the amplicon of interest. The
criterion for using the standard curve is based on equal amplification
efficiency with unknown samples, and this was checked prior to
extrapolating unknown samples to the standard curve. Data obtained
from triplicate runs for individual target cDNA amplification were
averaged and expressed as ng/μg of initial total RNA used for reverse
transcriptase (cDNA) reaction and thereafter transformed as percen-
tage of control. This absolute quantificationmethod is awell-

^
validated

procedure in our laboratory, as we do not use the so-
^
called house-

keeping genes because of their parallel modulation pattern with
experimental samples both in our laboratory (Arukwe, 2006) and
elsewhere (Steele et al., 2002).

2.11
^
. In
^
situ hybridization

In situ hybridization procedures were performed according to
standard protocols (Morel and Cavalier, 2001). Briefly, the orientation
of insert relative to the T7 or SP6 RNA promoter binding site was
determined, using the promoter at the 3′

^
end of the insert to get an

antisense probe. A PCR analysis with primers flanking/including
promotor binding sites generated 1 μg of DNA. In vitro transcription
with SP6 or T7RNApolymerasewasperformedwith aDIGRNA labelling
kit (Roche, Mannheim, Germany) according to the manufacturer'

^
s

protocol. The riboprobewas purified after DNaseI digestionwith lithium
chloride precipitation. Thereafter, the DIG-

^
labelled riboprobe was

dissolve in DEPC-
^
water to get a concentration of about 0.1 μg/μL. One

microliter of riboprobewas then run in anagarose gel to check riboprobe
generation and then stored at −

^
80 °C until used. When running slides,

controls were made both by omitting the antisense probe and using a
sense probe, getting no signal for both conditions.

2.12
^
. Previtellogenic oocyte histological and stereological analyses

Cultured cod previtellogenic gonadal tissues were fixed in 4% para-
formaldehyde in 0.1 M sodium phosphate buffer (pH 7.4) for 24 h. After
fixation, the tissues were washed twice in 70% ethanol, dehydrated in a
graded series of ethanol baths using anautomatic tissue processor (Leica
Microsystems,Nussloch, Germany), cleared inTissue-

^
Clear®, embedded

in paraffin blocks, sectioned at
^
4 μ
^
M and stained with Mayer'

^
s

haematoxylin and eosin. Tissues were examined using a workstation
madewith a microscope (Olympus BX-

^
50, Tokyo, Japan) equipped with

a complete rage of infinity-
^
corrected objectives and a matching

condenser, a microcator (Heidenhain MT-
^
12, Traumrent, Germany) to

control the movements in
^
z-
^
axis (accuracy 0.5 μM

^
), a motorized stage

(Prior, Fulbourm, UK) for stepwise displacement in x–
^
y axis (accuracy

1 μM
^
), and a CCD video camera (Sony, Tokyo, Japan) connected to a PC

monitor (Sony). The whole system was controlled by the software
Olympus CAST-

^
Grid (version 1.5).

A classification system for previtellogenic cod oocytes was
developed based on previous studies of oocyte development in tilapia
(Rocha and Rocha, 2006) and cod (Kjesbu and Kryvi, 1989) and is
presented in Table 2. For the stereological evaluation, tissue slides
were analysed under the 20×

^
objective lens. Volume fractions of the

different stages of oocytes were calculated by stereological point-

^

Please cite this article as: Kortner, T.M., et al., Genomic approach in eva
morhua) previtellogenic oocytes, Comp. Biochem. Physiol., Part D (2008)
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3counting (Freere andWeibel, 1967). According to size and frequency of
3each oocyte stage, a particular two-

^
lattice point gridwas used; 1:4 and

31:6. The interpoint distances (in μm) for the sets were approximately:
377 (horizontal), 53 (vertical), for the 1:4 grid; and 51 (horizontal), 35
3(vertical), for the 1:6 grid. The 1:4 point set of pointswas used to count
3hits over the reference space (ovary) versus oocytes of primary
3growth, whereas the 1:6 set of points was used to count hits over the
3reference space (ovary) versus all other oocyte classes and spermato-
3zoa (when present). The first field of visionwas selected randomly and
3thereafter, fields were systematically sampled by stepwise move-
3ments of the stage in x-

^
and y-

^
directions (stepx,y=

^
600 μM

^
). The grid

3points directly overlying structures were recorded. This procedure
3was repeated on a number of systematically chosen fields within
3tissue pieces exposed to different concentrations of 11-

^
KTand T (n=

^
3),

3in order to obtain a total of at least 300 recorded grid points per tissue
3piece, which is generally accepted in order to establish a variance of
3about 5% (Weibel, 1979). The same individual (T.M.K.) performed all
3the measurements and countings. The proportional volume fraction
3(VV) (calculated as percentage) occupied by each stage of oocyte
3development was then estimated, according to the general formula:
3VV (structure, reference)=VV (s, r)=100×[P(s)] / [R×P(r)], in which VV
luating the role of androgens on the growth of
^
Atlantic cod (Gadus

, doi:10.1016/j.cbd.2008.04.001
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Table 3t3:1

Genes whose expression patterns were either up-
^
or down-

^
regulated by exposure of

previtellogenic cod oocyte cultures to 11-
^
ketotestosterone (11-

^
KT) and testosterone (T),

using targeted cod cDNA array (CodArray) analysis
t3:2
t3:3 10 μM

^
11-
^
KT exposure at day 10 compared with 10 μM 11-

^
KT

exposure at day 5.
Log. ratio

t3:4 Putative gene identity

t3:5 tRNA pseudouridine synthase A 0.95
t3:6 H/ACA ribonucleoprotein complex subunit 2 0.69
t3:7 NifU-

^
like N-

^
terminal domain containing protein 0.56

t3:8 Cytochrome c oxidase polypeptide VIc precursor 0.52
t3:9 Heat shock protein HSP 90-

^
beta −

^
0.46

t3:10

t3:11 100 μM 11-
^
KT exposure at day 10 compared with 100 μM

11-
^
KT exposure at day 5.

Log. Ratio

t3:12 Putative gene identity

t3:13 H/ACA ribonucleoprotein complex subunit 2 1.26
t3:14 tRNA pseudouridine synthase A 0.78
t3:15 PHD finger-

^
like domain protein 5A 0.72

t3:16 Cytochrome c oxidase polypeptide VIc precursor 0.57
t3:17 CDKN2A interacting protein 0.62
t3:18 Zona pellucida-

^
like protein X1 0.60

t3:19 40 S ribosomal protein S27 0.43
t3:20 Cyclin-

^
B 0.40

t3:21 Sentrin-
^
related protein 0.37

t3:22

^
Apoptosis-

^
inducing TAF9-

^
like domain 1 −

^
0.35

t3:23 Heat shock protein HSP 90-
^
beta −

^
0.43

t3:24 40 S ribosomal protein S11 −
^
0.53

t3:25 Zona pellucida protein X2 −
^
0.78

t3:26 Egg envelope glycoprotein −
^
0.80

t3:27 ZPA domain containing protein −
^
0.74

t3:28

t3:29 100 μM 11-
^
KT exposure at day 10 compared with control at day 10. Log. Ratio

t3:30 Putative gene identity

t3:31 H/ACA ribonucleoprotein complex subunit 2 0.70
t3:32 Zona pellucida-

^
like protein X1 0.68

t3:33 Cyclin-
^
B 0.59

t3:34 PHD finger-
^
like domain protein 5A 0.49

t3:35

t3:36 10 μM T exposure at day 5 compared with control at day 5. Log. Ratio

t3:37 Putative gene identity

t3:38 ZPA domain containing protein 0.35
t3:39 Zona pellucida protein X2 0.32
t3:40 PHD finger-

^
like domain protein 5A −

^
0.33

t3:41

t3:42 100 μM T exposure at day 5 compared with control at day 5. Log. Ratio

t3:43 Putative gene identity

t3:44 FK506-
^
binding protein 3 0.29

t3:45 Cytochrome c oxidase polypeptide VIc precursor 0.28
t3:46 Zona pellucida protein X2 0.26
t3:47 Heat shock protein HSP 90-

^
beta −

^
0.32

t3:48 PHD finger-
^
like domain protein 5A −

^
0.37

t3:49

t3:50 100 μM T exposure at day 5 compared with 10
^
μM T exposure

at day 5.
Log. Ratio

t3:51 Putative gene identity

t3:52 Heat shock protein HSP 90-
^
beta −

^
0.38

t3:53 ZPA domain containing protein −
^
0.48

t3:54 Heat shock protein HSP 70 −
^
0.52

t3:55 Zona pellucida protein X2 −
^
0.54

t3:56

t3:57 10 μM T exposure at day 10 compared with 10 μM T exposure
at day 5.

Log. ratio

t3:58 Putative gene identity

t3:59 H/ACA ribonucleoprotein complex subunit 2 −
^
0.32

t3:60 Zona pellucida protein X2 −
^
0.38

t3:61

t3:62 10 μM T exposure at day 10 compared with control at day 10. Log. ratio

t3:63 Putative gene identity

t3:64 ZPA domain containing protein −
^
0.33

(continued on next page)

t3:65

t3:66100 μM T exposure at day 10 compared with 100 μM T exposure at day 5. Log. Ratio

t3:67Putative gene identity

t3:68Heat shock protein HSP 70 0.77
t3:69ZPA domain containing protein 0.65
t3:70Heat shock protein HSP 90-

^
beta 0.54

t3:71Zinc finger CCHC domain containing protein 10 0.44
t3:72Ribonucleoside-

^
diphosphate reductase M2 0.26

t3:73Cytochrome c oxidase polypeptide VIc precursor −
^
0.26

t3:74THAP domain
^
containing protein 4 −

^
0.28

t3:75Sentrin-
^
related protein −

^
0.36

Each data point is derived from three biological replicates (n=
^
3) and log2-

^
transformed.

Some data points are mean values of several redundant clones (see supporting
information). All values represented are significantly different (qb0.05). t3:76

Table 3 (continued )
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F(s, r) is the percentage of the total volume of a reference space

occupied by one “

^
particle”

^
within that space, P(s) is the number of

points over the “

^
particles”

^
of interest, R is the ratio of fine to coarse

points (4 or 6), and P(r) is the total number of points falling over the
reference space.

2.13
^
. Steroid hormone analysis

11-
^
ketotestosterone concentrations were measured in gonad

tissues cultured for 24 h using enzyme immunoassay (EIA) kits from
Cayman Chemical Company (Ann Arbor, MI, USA). Tissues were
thawed on ice, homogenized in 1:4 volume of 0.1 M Na-

^
phosphate

buffer and centrifuged at 14,000× g for 15 min. The supernatants were
purified by extraction using organic solvent to prevent the inter-
ference of lipids and proteins in the analysis. Briefly, the supernatant
was mixed with 4 ml diethyl ether using a vortex mixer. After phase
separation, the aqueous portionwas frozen in an ethanol/dry ice bath.
The lipophilic phase was decanted into a clean tube, and the ether
phase was evaporated by heating to 30 °C. The dry extract was
reconstituted in 300 μL EIA buffer by vortexing. Enzyme immunoassay
was run according to the manufacturer'

^
s protocol. Data were quan-

tified against a standard curve that was linearized using a logit trans-
formation of B/B0 (bound sample/maximum bound).

2.14
^
. Statistical analysis

Statistics was performed with GraphPad Prism, version 2.1
(GraphPad Software Inc. 1996). Significant differences between
control and exposure groups were performed using

^
one-
^
way ANOVA

after testing for normality and variance homogeneity. Statistical
differences between exposure groups were analyzed using the Tukey'

^
s

Multiple Comparison Test. The level of significance was set at p≤0.05.

3
^
. Results

3.1
^
. SSH and array gene expression pattern

150 expressed sequences from the subtracted cDNA library were
grouped into 54 UniGene entries (putative genes), and there were 23
contigs of two or greater (groups of clones probably representing
overlapping regions) and 31 singletons. Table 3 shows a summary of
genes whose expression patterns were significantly modulated after
exposure to different concentrations of 11-

^
KTand T in the array analysis.

For complete lists of all genes, including unknown and redundant
sequences, size of queries, Blast e-

^
values and accession numbers, see the

Supplemental data. The array analyses showed that exposure of
previtellogenic oocytes to androgens produced differential gene
expression patterns, showing 0.5–

^
3.5-
^
fold significant alterations of

transcript levels from genesmainly of oocyte origin, aswell as a number
of transcripts whose function in fish are yet to be identified (see
Supplemental data

^
). Treatment with androgens produced modulations

in mRNA levels of some zona radiata associated genes. Additionally, 11-

^

luating the role of androgens on the growth of
^
Atlantic cod (Gadus
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Fig. 1. Expression of ZPAdomain containing protein (ZPA)mRNA levels in cultured previtellogenic oocytes of Atlantic cod exposed to 11-
^
KTand Tat 0 (control),10 and 100 μM, and sampled

at days 5 and 10 of exposure.
^
Panels A and B, represent 11-

^
KTexposure at days 5 and 10, respectively,while

^
Panels C andD, represent Texposure at days 5 and10 respectively. Data are given

as mean expressed as percentage (%) of control (n=3)±standard error of the mean (SEM). Different letters denote exposure groups that are significantly different (pb0.05).
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KT treatment was associated with an induced transcription of cyclin
^
-B.

The array data indicated that previtellogenic oocytes exposed to the
highest 11-

^
KT concentration (100 μM) experienced the strongest

modulations of gene transcripts on the CodArray. Significant alterations
of transcript levels for individual geneswere usually observed in samples
exposed both to the low (10) and high (100 μM) androgen concentra-
tions. Furthermore, the array data demonstrate that gene expression
patterns varied within a given exposure and/or time of exposure.

3.2
^
. Real-

^
time PCR (qPCR) analyses of selected transcripts

On the basis of previous studies and the results obtained from the
array analysis, we selected five genes for quantitative analysis using

^

UN
CO

RR
E

Fig. 2. Expression of cyclin-
^
B mRNA levels in cultured previtellogenic oocytes of Atlantic cod

exposure.
^
Panels A and B, represent 11-

^
KT exposure at days 5 and 10, respectively, while

^
Pan

expressed as percentage (%) of control (n=
^
3)±standard error of the mean (SEM). Different

Please cite this article as: Kortner, T.M., et al., Genomic approach in eva
morhua) previtellogenic oocytes, Comp. Biochem. Physiol., Part D (2008)
TE
D
PR 4real-

^
time PCR with gene specific primer pairs; ZPA domain containing

4protein (ZPA), cyclin-
^
B, heat shock protein 90β (Hsp90β), StAR and

4P450scc. The primary criterion for selecting these genes for real-
^
time

4PCR validation was because they belong to our targeted study objec-
4tives, namely growth and development of previtellogenic oocytes and
4because they showed modulated expression patterns on the array
4analysis or in previous studies on our laboratory.
4At day 5 of exposure, the expression of ZPA after 11-

^
KT and T

4exposure showed an apparent concentration-
^
dependent increase in

4mRNA expression (Fig. 1A and C, respectively). At day 10 of exposure, a
4different pattern of expression was observed for tissues exposed to 11-
4̂KT (Fig. 1B), showing no differences, either within the exposure groups
4or compared with the solvent control. On the contrary, exposure to T
exposed
^
to 11-

^
KT and T at 0 (control), 10 and 100 μM, and sampled at days 5 and 10 of

els C and D, represent T exposure at days 5 and 10 respectively. Data are given as mean
letters denote exposure groups that are significantly different (pb0.05).

luating the role of androgens on the growth of
^
Atlantic cod (Gadus
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Fig. 3.Modulation of heat shock protein 90β (Hsp90β)mRNA levels in culturedprevitellogenic oocytes of Atlantic cod exposed to 11-
^
KTand Tat 0 (control),10 and 100 μM, and sampled

at days 5 and 10 of exposure.
^
Panels A and B, represent 11-

^
KTexposure at days 5 and 10, respectively, while

^
Panels C and D, represent Texposure at days 5 and 10 respectively. Data are

given as mean expressed as percentage (%) of control (n=
^
3)±standard error of the mean (SEM). Different letters denote exposure groups that are significantly different (pb0.05).
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concentrations produced a respective 2-
^
fold increase in ZPA expression

at day 10 of exposure, compared to the solvent control (Fig. 1D).
The expression of cyclin-

^
B in cod previtellogenic oocytes was

modulated after exposure to different concentrations of 11-
^
KT in a

concentration-
^
specific manner at days 5 and 10 of exposure (Fig. 2A

and B, respectively). A general pattern of increase in cyclin-
^
B mRNA

expressionwas observed, reaching a 1.5-
^
and2-

^
fold increase for groups

exposed to the highest 11-
^
KT concentration (100 µM) compared to the

control at days 5 and 10, respectively. At day 5 of exposure, the
expression pattern of cyclin-

^
B in tissues exposed toT showed a 1.5-

^
fold

increase in the group exposed to 10 µM. No differences in expression of
cyclin-

^
B between groups exposed to T were observed at day 10 of

exposure (Fig. 2D).
UN
CO

RR
EC

Fig. 4. Expression of StAR mRNA levels in cultured previtellogenic oocytes of Atlantic cod e
exposure.

^
Panels A and B, represent 11-

^
KT exposure at days 5 and 10, respectively, while

^
Pan

expressed as percentage (%) of control (n=
^
3)±standard error of the mean (SEM). Different l
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PRThe expression of Hsp90β in cod previtellogenic oocytes was

modulated after exposure to different concentrations of 11-
^
KT and T at

days 5 and 10 of exposure (Fig. 3). At day 5, 100 µM 11-
^
KT produced a

minor, but significant increase in Hsp90β expression (Fig. 3A). On the
contrary, no significant differences between 11-

^
KTexposure groups and

solvent control were observed at day 10 of exposure (Fig. 3B). Tissues
incubatedwith T showed no significant differences at day 5 of exposure,
compared to the solvent control (Fig. 3C) and an apparent T concentra-
tion-
^
dependent effect was observed at day 10 of exposure (Fig. 3D).

Quantification of StAR mRNA showed expression profiles for tissues
exposed to 11-

^
KT and T that were time-

^
and concentration-

^
specific

responses. At day 5 of exposure, a 0.5-
^
fold significant increase in

StAR mRNA was observed for samples exposed to the highest 11-KT

^

xposed to 11-
^
KT and T at 0 (control), 10 and 100 μM, and sampled at days 5 and 10 of

els C and D, represent T exposure at days 5 and 10 respectively. Data are given as mean
etters denote exposure groups that are significantly different (pb0.05).

luating the role of androgens on the growth of
^
Atlantic cod (Gadus

, doi:10.1016/j.cbd.2008.04.001
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^
Panels A and B, represent 11-

^
KT exposure at days 5 and 10, respectively, while
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expressed as percentage (%) of control (n=
^
3)±standard error of the mean (SEM). Different letters denote exposure groups that are significantly different (pb0.05).
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concentration (100 µM, Fig. 4A) whereas 11-
^
KT displayed a con-

centration
^
-specific modulation of StAR mRNA levels at 10 days cultiva-

tion (Fig. 4B) with 10 µM 11-
^
KT producing the only significant increase

compared the solvent control. No differences in StAR expression were
observed for tissues exposed toTat day 5 (Fig. 4C). At day 10 of exposure,
treatment with T produced a concentration-

^
specific modulation of StAR

levels, displaying a 4-
^
fold increase for samples exposed to

^
100 μM,

compared to control (Fig. 4D).
For P450scc, we observed a 0.2-

^
fold significant increase of P450scc

expression in tissues exposed to
^
100 μM 11-

^
KT (Fig. 5A). A similar

expression pattern was observed at day 10 of exposure, showing
significant increase of P450scc mRNA levels for samples exposed to 10
and 100 µM 11-

^
KT (Fig. 5B). At day 5 of exposure, an apparent con-

centration-
^
dependent effectwas observed, showing significant increase

for samples exposed to 10 µM T, compared to control (Fig. 5C). Inter-
estingly, tissues exposed to T produced a consistent decrease of P450scc
expression at day 10 of exposure, showing 3-

^
fold decreases for samples

exposed to both T concentrations, compared to the control (Fig. 5D).

3.3
^
. Histology and stereological analysis of cod oocyte growth and

development

All the gonadal tissues examined displayed normal histology. The
volume densities (%) of the different previtellogenic oocyte develop-
mental stages in relation to total gonadal tissue volume inpieces exposed
UN
C

Table 4
Volume densities (%) of previtellogenic oocyte developmental stages in relation to total
gonadal tissue volume (n=

^
3) in tissues exposed to 11-

^
ketotestosterone (11-

^
KT)

11-
^
ketotestosterone

(μM)
Day 5 Day 10

Control 10 100 Control 10 100
Previtellogenic oocyte
developmental stage

1st growth 42±6 51±6 38±13 34±4 33±4 31±6
Advanced growth 1.2±1.3 2.8±1.2 1.8±0.9 4.9±1.8 12.8±5.3 13.6±5.2
1st atresia 5.0±1.3 4.2±1.2 3.2±1 1.8±0.4 1.2±0.9 1.0±0.3
2nd atresia –

^
0.3±0.4 0.6±0.8 3.7±2.1 5.3±3.5 5.7±3

Spermatozoa –

^
0.4±1 1.3±1 –

^
1.4±1.5 1.5±1.7

Data are expressed as mean±standard deviation.

^

Please cite this article as: Kortner, T.M., et al., Genomic approach in eva
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^
KTand Tare presented inTables 4 and5,

5respectively. In addition, the volume fractions of oocytes of advanced
5previtellogenic growth are presented in Fig. 6. At day 5 of exposure,
5tissues exposed to 11-

^
KTshowed significantly higher volume fractions of

5oocytes in advanced growth phase as compared to the solvent control
5(Table 4 and Fig. 6A). A 2-

^
fold increase in advanced oocyte volume

5densities was observed for tissues exposed to 10 µM 11-
^
KT, whereas a

51.5-
^
fold increasewas observed for the group exposed to 100 µM11-

^
KTat

5day 5. Induced development was also observed, in a dose-
^
dependent

5manner, in tissues exposed toTat day 5,where a 2-
^
and 3.5-

^
fold increase

5in volume fractions of oocytes in advanced previtellogenic growth phase
5was observed for tissues exposed to 10 and 100 µM T, respectively
5(Table 5 and Fig. 6C). Ovary areaswith high density of spermatozoawere
5observed at day 5 of exposure for tissues exposed to both concentrations
5of 11-

^
KT (10 and 100 µM) and the highest concentrations of T (100 µM).

5The volume densities of atretic oocytes in all exposure groups (both 11-
5̂KT and T) were generally 3–

^
5%, showing no significant differences

5between control and androgen exposed tissues. Furthermore, the
5volume densities of oocytes in primary growth phase were by far the
5most abundant in all tissues, showing volume fractions between 28 and
550%. No significant differences in primary oocyte volume densities were
5observed between control and androgen exposed tissues.
5At day 10 of exposure, tissues exposed to 11-

^
KT (10 and 100 µM)

5showed significantly higher volume fractions of oocytes in advanced
5previtellogenic growth phase compared to the solvent control (Table 4
Table 5 t5:1

Volume densities (%) of previtellogenic oocyte developmental stages in relation to total
gonadal tissue volume (n=

^
3) in tissues exposed to testosterone (T)

^̂ t5:2
t5:3Testosterone (μM) Day 5 Day 10

t5:4Control 10 100 Control 10 100
t5:5Previtellogenic oocyte

developmental stage

t5:61st growth 33±6 31±6 33±6 46±2 31±9 37±10
t5:7Advanced growth 1.7±0.9 3.5±1.8 5.8±1.7 6.3±1.5 14.4±2.4 11.4±2.0
t5:81st atresia 3.6±0.8 4.4±1.5 3.3±0.9 2.1±0.6 1.8±0.6 1.5±0.5
t5:92nd atresia –

^
0.2±0.4 1.0±0.6 1.2±1 2.4±2.6 4.5±2.3

t5:10Spermatozoa –

^
–

^
0.1±0.2 –

^
0.5±0.6 0.6±0.4

Data are expressed as mean±standard deviation t5:11

luating the role of androgens on the growth of
^
Atlantic cod (Gadus
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^
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and Fig. 6B), displaying a 2.6-

^
and 2.8-

^
fold increase in advanced oocyte

volume densities for tissues exposed to 10 and 100 µM 11-
^
KT,

respectively. The same pattern is also true for tissues exposed to T
(Table 5 and Fig. 6D) showing a 2.3-

^
and 1.8-

^
fold increase in volume

fractions of previtellogenic oocytes in advanced growth phase in
tissues exposed to 10 and 100 µM T, respectively. Ovary areas with
high density of spermatozoa were observed at day 10 of exposure for
tissues exposed to all concentrations of 11-

^
KT and T, with minor, but

significantly higher volume fractions observed in tissues exposed to
11-
^
KT as compared to tissues exposed to T. The volume densities of

atretic oocytes showed no significant differences between control and
androgen exposed tissues. However, a general shift from primary to
secondary atretic oocytes was observed at day 10 of exposure, com-
pared to day 5 of exposure.

3.4
^
. In
^
situ hybridization

A summary of cellular localization of mRNA levels using in
^
situ

hybridization of ZPA and zona pellucida protein X2 (ZPX2) RNA probes
on tissues exposed to 11-

^
KT and T are presented in Table 6 and some

representative micrographs are shown in Fig. 7. At 5 days of exposure,
a clear positive probe signal was revealed only in the control sections
for both treatments (11-

^
KT and T). For both treatments (11-

^
KT; Fig. 7B

and T; Fig. 8C), ZPA was highly expressed at 10 days of exposure as
compared to control (Fig. 7A). In all cases, the signal was stronger for
samples exposed to T than samples exposed to 11-

^
KT. In positive

slides, the sections were generally characterized by smaller oocytes
UN 579

580

581

582

583

584

585

586

587

588

Table 6
Summary of in situ RNA probe expression

11-
^
KT T

Control 100 μM Control 100 μM

^
Day 5

^
Day 10

^
Day 5

^
Day 10

^
Day 5

^
Day 10

^
Day 5

^
Day 10

ZPA + + +/−
^

++ ++ +++ +/−
^

++++
ZPX2 + + +/−

^
++ ++ +++ +/−

^
++++

++++ Very strong signal; +++ strong signal; ++ moderate signal; + weak signal; +/−
^
weak

or no signal.
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PRshowing high levels of ZPA mRNA expression. Larger oocytes showed

relatively lower expression levels. The expression of ZPX2 was similar
to ZPA expression (Table 6, micrographs not shown).

3.5
^
. 11-
^
KT tissue levels

In order to estimate androgen uptake by gonadal tissue cultures,
we measured 11-

^
KT concentrations in samples exposed to 0 (control),

10 and 100 µM 11-
^
KT for 24 h (n=

^
3). Solvent control tissues displayed

a mean 11-
^
KT concentration of 0.68 ng/mg tissue (Fig. 8). When

comparedwith control samples, mean tissue 11-
^
KT levels increased 10

and 30-
^
fold after exposure to 10 and 100 µM 11-

^
KT, respectively.

4
^
. Discussion

Prior to overt morphological or developmental changes, the first
interaction between a hormone and tissue occurs at themolecular and
cellular levels of biological organization. Therefore, changes in gene
expression as a result of hormonal exposure and the subsequent
molecular processes that lead to developmental and physiological
changes may be used as quantitative markers for cellular, physiolo-
gical, developmental and reproductive effects in an organism. Herein,
we show that gene expression patterns and the growth of cod
previtellogenic gonadal tissues were modulated after exposure to
androgens. Both 11-

^
KT and T were capable of inducing previtellogenic

oocyte growth and development, with 11-
^
KT being the strongest

modulator.

4.1
^
. Evaluation of SSH and CodArray data

When genomic data for an organism is limited, such as the Atlantic
cod, the SSH method can be a powerful tool for generating cDNA
libraries containing DNA sequences of interest. The use of microarrays
to screen cDNA clones generated by SSH also allows the identification
of previously unknown genes

^
—

^
a finding that is not possible using

conventional arrays of previously cloned genes (Yang et al., 1999).
However, SSH usually generates a number of redundant clones in the
subtracted sequences, and several genes suspected to be involved in
the transcriptional regulation of oocyte growth and development
luating the role of androgens on the growth of
^
Atlantic cod (Gadus
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were not represented after performing SSH in the present study. The
reason for this is probably the low expression levels of these genes in
cod ovarian tissue. In accordance, it is well known that SSH favours the
enrichment of high abundance transcripts (Ji et al., 2002; Pan et al.,
2006), which may result in over-

^
or under-

^
representation of certain

transcripts in the subtracted library. Therefore, transcripts from some
genes were amplified by PCR using specific primers from conserved
regions of the respective genes based on sequence information in
NCBI GenBank. The PCR products were cloned into

^̂
E. coli plasmids,

sequenced and subsequently added to the array.
Although the present studygenerated fewsequences comparedwith

other surveys, the number of gene profiles generated was already too
high for suitable one by one analysis. Therefore, we performed an initial
array screening with subsequent qPCR analyses of genes suspected to
UN
CO

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Fig. 8. 11-
^
ketotestosterone (11-

^
KT) levels in previtellogenic oocyte cultures of Atlantic

cod incubated for 24 h with different 11-
^
KT concentrations. 11-

^
KT levels were

determined using enzyme immunoassay method. Data are given as mean value and
expressed as ng/mg tissue (wet weight) of n=

^
3±standard error of the mean (SEM).
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TE 6be involved in previtellogenic oocyte growth and development. After
6annotation of the sequenced clones, we found that themajor part of the
6amplicons generated by SSH were of oocyte origin, whereas less
6abundant transcripts derived from ovarian follicle cells were likely not
6identified by the SSH method. In compliance, this has been observed
6earlier, and it has been proposed that construction of cDNA libraries
6enriched for extra-

^
oocyte components such as the follicle wall will

6provide a better generation of transcripts from these ovarian compo-
6nents (Goetz et al., 2006; Luckenbach et al., 2008).
6cDNA microarray techniques have some disadvantages compared
6to more tedious techniques such as qPCR. For example, they are
6limited in the detection of genes with low expression (Rondeau et al.,
62005) and clones from less abundant mRNAs may fall within the
6‘

^
noise’

^
level of the hybridization signals (Yang et al., 1999). In addition,

6cDNA insert size may be a factor in reliably identifying differentially
6expressed genes, and short subtracted clones from the 5[prime]-

^
end

6of cDNAs are less likely to give reliable hybridization signals than full-
6̂length cDNAs (Yang et al., 1999). In the present study, array screening
6failed to identify some genes (e.g. StAR and P450scc) that were shown
6to be differentially expressed after androgen treatment by qPCR
6analysis. Additionally, validation of array values by qPCR demon-
6strated differences in expression profiles for the twomethods in some
6instances. These differences might be due to the mentioned limita-
6tions of microarray techniques. To conclude, we believe the micro-
6array approach should be considered a first screening, and qPCR
6probably produced more accurate molecular signatures, at least in the
6present study.

64.2
^
. Modulation of genes associated with the zona radiata

6The present study demonstrated high levels of ZP transcripts in the
6previtellogenic Atlantic cod ovary using qPCR and in situ hybridization
luating the role of androgens on the growth of
^
Atlantic cod (Gadus

, doi:10.1016/j.cbd.2008.04.001
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analyses. Although some data show conflicting patterns, a general
increased mRNA expression after androgen treatment was observed.
In vertebrates, the egg envelope, which is of great importance for the
sperm–

^
egg interaction, consists of a family of related ZP proteins with

a conserved ZP domain. Very recent studies have demonstrated that
teleost species have at least three isoforms of ZP proteins, ZP1 (ZPB),
ZP3 (ZPC) and ZPX (Modig et al., 2006; Modig et al., 2007). However,
the ZP nomenclature is confusing, and this complicates comparison
between mammalian and fish ZP genes, as well as between different
teleost species (Arukwe and Goksoyr, 2003). Several other studies
have demonstrated abundant levels of ZP transcripts in teleost oocytes
during previtellogenic growth, displaying higher ZP mRNA levels in
the more undeveloped stages of oocyte growth (Chang et al., 1997;
Luckenbach et al., 2008; Zeng and Gong, 2002). Elsewhere, while E2
regulation of ZP synthesis is a well known phenomenon, androgens
have been suggested to regulate ZPs in fish (Miura et al., 1998) and
birds (Pan et al., 2001). Although not conclusive, the present study
suggests that androgens can modulate the transcriptional profile of ZP
genes in the previtellogenic cod ovary, possibly in correlation with
development of the oocyte envelope.

4.3
^
. Effects on cyclin-

^
B mRNA levels

Final oocyte maturation is triggered by the maturation-
^
promoting

factor (MPF), and MPF comprises two components; the catalytic
subunit cdc2 and the regulatory subunit cyclin-

^
B (Kondo et al., 1997;

Morgan, 1995). Cyclin-
^
B transcripts have been demonstrated in

immature oocytes of goldfish (Nagahama, 1997) and zebrafish
(Kondo et al., 2001) but they are not translated until later, when the
oocyte reach the maturation phase. Other studies have suggested that
the accumulation of cyclin-

^
B transcripts in oocytes is involved in the

regulation of the early embryonic cell cycle (Aegerter et al., 2004), and
that expression of cyclin-

^
B in previtellogenic oocytes indicates somatic

follicle cells undergoing mitotic divisions (von Schalburg et al., 2005).
The present study demonstrates high levels of cyclin-

^
B mRNA in the

previtellogenic cod ovary, and we show that natural occurring
androgens are able to increase cyclin-

^
B transcription levels. Gene

expression patterns of cyclin-
^
B have been suggested as markers for

early oocyte growth and developmental competence in teleost fish
(Aegerter et al., 2004), but more studies assessing the regulation of
cyclin-

^
B transcription levels in specific oocyte developmental stages

are needed in order to support this suggestion.

4.4
^
. Modulation of heat shock protein 90β expression

Heat shock proteins are a family of highly conserved intracellular
proteins found in all organisms (Lindquist and Craig, 1988). Despite
the fact that heat shock proteins are primitive and act to protect the
cell against the cytotoxic consequences of protein degradation, a
number of heat shock genes are expressed at high levels during
normal cell growth (Morimoto et al., 1994). The expression of heat
shock genes in teleost embryonic development have been investigated
(Krone et al., 2003), as well as heat shock protein expression during
oogenesis, where it has been shown that growing oocytes sponta-
neously express high levels of heat shock protein 70 and 90 (Neuer
et al., 1999). Extensive molecular characterization and biochemical
studies have demonstrated that vertebrate members of Hsp90 family
play a post-

^
translational regulatory role within the cell by interacting

with several important cellular signalling molecules and transcription
factors, such as steroid receptors, and modulating their activities
(Krone et al., 1997). A recent large-

^
scale genomic study describing

expression profiles of zebrafish testis and ovary demonstrated that
Hsp90 was the most abundant transcript in testis, whereas Hsp90
showed a much lower expression level in the ovary (Zeng and Gong,
2002). In contrast, this study demonstrated that Hsp90β was among
the most abundant transcripts in the previtellogenic cod ovary, and
Please cite this article as: Kortner, T.M., et al., Genomic approach in eva
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11-
^
KT and T produced increased Hsp90β mRNA levels, albeit showing

time-
^
dependent expression patterns. Thus, it seems likely that

Hsp90β plays an important role in oocyte development, at least in
Atlantic cod.

4.5
^
. Modulation of StAR and P450scc mRNA levels

The rate-
^
limiting step in steroidogenesis is the movement of

cholesterol across the mitochondrial membrane by the StAR protein
and the subsequent conversion to pregnenolone by the P450scc enzyme
(Stocco, 2001). Inmammals, StAR and P450scc are rapidly synthesized in
response to acute tropic hormone stimulation and cAMP, and in general,
agents that increase steroid biosynthesis also increase StAR mRNA
expression (Stocco, 2001). However, current knowledge about StAR is
mostly based onmammalian studies, whereas the relationship between
StAR gene expression and steroid production in fish is not very well
described (Hagen et al., 2006; Stocco et al., 2005). Interestingly, StAR
expression data suggest that the molecular mechanisms of StAR
synthesis and regulation in fish may differ from what has been
previously observed in mammals (Goetz et al., 2004). The gene
expressions of StAR presented in the present study show more than a
4-
^
fold increase in StARmRNA compared to control at day 10 of exposure

for samples exposed to 10 μM 11-
^
KT and 100 μM T. Additionally, we

observed differential expression patterns of StAR and P450scc. For
example, samples exposed toTshowed a general increase in StARmRNA
levels at day 10 of exposure, whereas a consistent decrease in P450scc
mRNA expression was observed at the same time interval. These
findings are in contrast with a previous study by

^
Geslin and Auperin

^(2004), where a positive correlation between the expression profiles of
StAR and P450scc was observed, suggesting a similar mechanism of
transcriptional regulations for these two genes in teleosts. The different
effects of 11-

^
KT and T are generally explained by the possible

aromatization of T to E2, that will subsequently reduce cellular levels
of T (Lokman et al., 1998). However, a previous in vitro study by

^̂̂
Mori

et al.
^
(2000) demonstrated an almost ignorable conversion of T to E2 in

primary cultures of immature male rainbow trout hepatocytes. In
addition, HPLC studies showed that T is metabolized mainly into
testosterone-

^
glucuronide and androstenedione in these cells (Cravedi

et al., 1996). While our study demonstrates that 11-
^
KT and T gave rise

to different expression patterns of transcripts directly involved in
steroidogenesis, additional studies are needed to determine the precise
role of aromatizable and non-

^
aromatizable androgens in the regulation

of ovarian steroidogenic genes and proteins in teleosts.

4.6
^
. Histology and stereological analysis of the growth and development

of cod oocytes

The volume fractions occupied by oocytes of different develop-
mental classes in the previtellogenic cod ovary were modulated after
exposure to androgens. In general, both 11-

^
KT and T produced pre-

vitellogenic oocyte growth and development, with 11-
^
KT compara-

tively being the strongest modulator. Relevant to small preantral
follicles in mammals, that resemble fish previtellogenic oocytes (given
that growth progresses slowly occurring both before and after puberty
(Hsueh et al., 2000) and appearing to be mostly gonadotrophin-

^independent), androgens has been implicated in mammalian oogen-
esis (McGee, 2000). For example, growing preantral and small antral
follicles were significantly increased in number, and granulosa and
thecal cell proliferation increased in androgen treated rhesus monkey
(Vendola et al., 1998). Similarly, testosterone-

^
treated women or those

suffering from androgen excess (polycystic ovarian syndrome, andro-
gen-
^
producing tumors) showed increased number of growing follicles

(Vercellini et al., 1993). Some of these effects may be indirect via
surrounding stromal tissue (Vendola et al., 1999). Direct androgen
effects on ovarian follicles are very likely since androgen receptor (AR)
mRNA abundance in rhesus monkey was highest in preantral to small
luating the role of androgens on the growth of
^
Atlantic cod (Gadus
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antral follicles (Weil et al., 1998). Androgens also modify the intra
^
-

ovarian gene expression in the rhesus monkey, as demonstrated by
increased mRNA abundance of insulin-

^
like growth factor-

^
1 (IGF-

^
1)

and IGF-
^
1-
^
receptor (Vendola et al., 1999) in follicles up to early antral

stage. Except for the evidence that androgens increase oocyte
“

^
diameter”

^
and modify growth factor mRNA abundance, the under-

lying molecular mechanism(s) involved in possible gene regulation
resulting in the growth of previtellogenic oocytes has not been
investigated, and have been addressed in the present study.

The present study shows a consistent stereological validation of
oocyte growth and development after exposure to androgens. Tissues
exposed to 11-

^
KT and T showed significantly higher volume fractions

of previtellogenic oocytes of advanced growth as compared to the
solvent control. A second stereological approach was employed in the
present study in order to investigate the mean volume of previtello-
genic oocytes of different developmental classes. This method is
referred to as the Point Sampled Intercept (PSI), and allows an
unbiased estimation of the mean volume and variability of particles of
arbitrary shape (Gundersen and Jensen, 1985). PSI analysis of cod
previtellogenic ovary tissues exposed to 11-

^
KT and T showed similar

patterns as observed by the previous discussed method of volume
fractions, demonstrating an apparent increase in oocyte volume after
androgen exposure (data not shown). All stereological studies require
representative sampling of the organ and generation of adequate
sectioning of the structures to be analyzed (Mandarim-

^
de-
^
Lacerda,

2003). The sampling and arbitrary sectioning of the (naturally
roundish) oocytes granted the isotropy requirements (Mandarim-

^de-
^
Lacerda, 2003). Also, previous studies have shown that oocyte size

distribution is homogenous in cod ovaries (Kjesbu and Holm, 1994).
Finally, all the gonadal tissues examined in the present study
displayed a normal histology. The volume densities of atretic oocytes
were generally 3–

^
5%, showing no significant differences between

control and androgen exposed tissues. Although it has been shown
that atresia occurs in oocyte of all developmental classes, very little is
known about atresia during early stages of oocyte development (Tyler
and Sumpter, 1996). Oocyte areas with a high density of spermatozoa
were observed at both day 5 and day 10 of exposure for tissues
exposed to 11-

^
KT and T, with higher volume fractions observed in

tissues exposed to 11-
^
KT compared to tissues exposed to T. The

appearance of spermatozoa in cultivated ovarian tissue is puzzling,
and the possibility that sex reversal was occurring in cultivated
ovarian tissue exposed to androgens should not be excluded. If sex
reversal was occurring within 5 days of in vitro androgen exposure,
one would think that less mature stages of male germ cells (i.e.
spermatogonia and spermatocytes) could be observed at earlier time
points, at least in some sections. However, it should also be noted that
not all androgen exposed ovary tissue samples examined contained
spermatozoa. Previous studies addressing the effects of 11-

^
KT on

previtellogenic ovarian growth have demonstrated the presence of
male germ cells in androgen treated female fish in vivo (Rohr et al.,
2001) but not in vitro (Lokman et al., 2007).

4.7
^
. Evaluation of in vitro floating agarose method

From an endocrine and reproductive physiology point of view,
these findings represent an interesting aspect of the role of androgens
on previtellogenic oocyte growth in teleosts. However, we do
acknowledge that the nominal 11-

^
KT and T concentrations (10 and

100 μM) used in the present study are several orders of magnitude
higher than physiological androgen levels reported in fish. In the
present study, plasma levels of 11-

^
KT in the female fish used for the in

vitro gonadal incubation was 1±0.5 ng/ml of n=
^
4 individuals. To our

knowledge, there are no previous studies that have measured
physiological androgen levels inprevitellogenic stages of cod, although
a few studies havemeasured variable T levels in cod during later stages
of oocyte development (Dahle et al., 2003; Kjesbu et al., 1996). In a
^
Please cite this article as: Kortner, T.M., et al., Genomic approach in eva
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8study by
^̂̂
Lokman et al.

^
(2002), it was demonstrated that the presence

8of both 11-
^
KT and T in females for a number of teleost species were

8generally at low concentrations (b1 ng/ml). In planning and designing
8this study, we hypothesized that only a fraction of the given androgen
8concentrations will be accessible to the oocytes using the in vitro
8floating agarose method after considering biological factors such as
8bioavailability and bioconcentration. This hypothesis was supported
8by EIA analyses of 11-

^
KT concentration in tissue cultures used in the

8present study (see Fig. 8). Solvent control tissues displayed a mean 11-
8̂KTconcentration of 0.68 ng/mg tissue (wetweight), whereasmean 11-
8̂KT concentration increased 10 and 30-

^
fold when exposed to 11-

^
KT at

8the nominal concentrations of 10 and 100 µM, respectively. These
8measurements were conducted 24 h post-

^
exposure, and steroid

8concentrations probably decreased rapidly during the next 4 exposure
8days, before fresh media with 11-

^
KT was added to the cultures (i.e. at

8day 5). A rapid decrease in plasma steroid hormone levels has been
8reported previously during in vivo steroid injection of fatheadminnow
8(Korte et al., 2000; Pakdel et al., 1991). Thus, we estimate that the low
8androgen concentration used in the present study (10 μM) represents a
8physiological relevant concentration, whereas the high concentration
8(100 μM) probably represents an extreme in vivo situation.
8Furthermore, in a separate study using 1 and 1000 μM 11-

^
KT and T

8(i.e. one magnitude lower and higher of the concentrations used in
8the present study), we found very modest differences in the studied
8variables (Kortner et al. submitted). In addition, quantitative histological
8analyses showed a consistent stereological validation of oocyte growth
8after exposure to androgens both when exposed to 10 and 100 μM (this
8study) or 1 and 1000 μM (Kortner et al. submitted). The modest dif-
8ferences between androgen concentrations observed in our studiesmay
8be explained by the fact that steroid hormone effects on cellular
8processes are regulated by auto-

^
regulatory mechanisms and functional

8alterations will occur when threshold levels are reached irrespective of
8administered concentration. This assumption is further supported by
8the fact that histological analyses of all tissues did not show any toxicity
8related differences between control and 11-

^
KT or T exposed samples

8when exposed to 1, 10, 100 or 1000 μM. In accordance, previous in vitro
8studies have used comparable androgen concentrations used in the
8present study (Braun and Thomas, 2003;Mori et al.,1998). Nevertheless,
8an in vitro system lacks the absolute metabolic competence of an intact
8organism and our finding does not directly reflect an in vivo condition.
8However, thefindings in the present study represent somenovel aspects
8of the roles of androgens on the early growth of previtellogenic oocytes
8that recently has been validated in vivo in our laboratory using
8physiological androgen levels (Kortner et al. in preparation).

85
^
. Conclusions

8The present study provides the identification, sequencing and the
8expression patterns of a number of

^
androgen-responsive genes in the

8previtellogenic cod ovary. We present the first targeted cod array
8(CodArray), consisting of clones with unique expression patterns that
8were either up-

^
or down-

^
regulated after androgen exposure using an

8in vitro previtellogenic oocyte culture technique with subsequent SSH
8analysis. Quantitative real-

^
time polymerase chain reactions demon-

8strated the changes in expression for selected genes that are believed
8to be involved in the growth and development of previtellogenic
8oocytes in the Atlantic cod. Furthermore, we show that androgens
8promote oocyte growth and development in cod previtellogenic
8gonadal tissues. We present a consistent stereological validation of
8oocyte growth and development after exposure to androgens. In
8general, both 11-

^
KT and T are capable of inducing previtellogenic

8oocyte growth and development, with the former hormone being the
8strongest modulator. Although not conclusive, the demonstration of
8previtellogenic oocyte growth and development after androgen
8exposure and the related differential expression of a number of
8androgen-responsive genes reveal novel roles of androgens concerning
luating the role of androgens on the growth of
^
Atlantic cod (Gadus

, doi:10.1016/j.cbd.2008.04.001
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the maturation and development of previtellogenic oocytes, indi-
cating androgen control of early follicular and oocyte growth in the
cod ovary.
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bstract

Steroid hormone (estrogens and androgens) synthesis and regulation involve a large number of enzymes and potential biochemical pathways.
the context of these biochemical pathways, it is believed that the true rate-limiting step in acute steroid production is the movement of

holesterol across the mitochondrial membrane by the steroidogenic acute regulatory (StAR) protein and the subsequent conversion to
regnenolone by cytochrome P450-mediated side-chain cleavage (P450scc) enzyme. Oocyte development is a complex process that is triggered
y the maturation-promoting factor (MPF) involving cyclin-B as a regulatory factor. In the present study, we evaluated the endocrine effects of
7α-methyltestosterone (MT) on steroidogenic pathways of Atlantic cod (Gadus morhua), using an in vitro previtellogenic oocyte culture
chnique that is based on an agarose floating method. Tissue was cultured in a humidified incubator at 10 °C for 1, 5, 10 and 20 days with
ifferent concentrations of the synthetic androgen MT (0 (control), 1, 10, 100 and 1000 μM) dissolved in ethanol (0.3%). Gene expressions for
tAR, P450scc, aromatase-α (P450aromA) and cyclin-B were detected using validated real-time PCR with specific primer pairs. Cellular
calization of the StAR protein and P450scc were performed using the immunohistochemical technique with antisera prepared against synthetic
eptide for both proteins. Steroid hormones (estradiol-17β: E2 and testosterone: T) levels were estimated using enzyme immunoassay. Our data
owed significant concentration-specific increase (at day 1 and 5) and decrease (at day 10 and 20) of the StAR mRNA expression after exposure
MT. P450scc expression showed a MT concentration-specific decrease during the exposure periods and cyclin-B mRNA expression was

ecreased in MT concentration-dependent manner at days 10 and 20 (reaching almost total inhibition after exposure to 1000 μM MT). MT
xposure produced variable effects on the P450aromA mRNA expression that can be described as concentration-specific increase (day 1) and
ecrease (days 5 and 10). Cellular localization of the StAR protein and P450scc demonstrated their expression mainly in ovarian follicular cells.
T produced an apparent concentration-and time-dependent increase of E2 and T levels. Thus, the present study reveals some novel effects of
harmaceutical endocrine disruptor on the development of previtellogenic oocytes in cod. The impaired steroidogenesis and hormonal imbalance
ported in the present study may have potential consequences for the vitellogenic process and overt fecundity in teleosts.
2007 Elsevier Inc. All rights reserved.
eywords: Steroidogenesis; Cyclin-B; Previtellogenic oocytes; Methyltestosterone; Atlantic cod
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. Introduction

Pharmaceuticals are ubiquitous pollutants in the aquatic
nvironment where their potential effects on non-target species
ke fish has only recently become subject of systematic
vestigations. Available scientific evidence indicate that the
productive system, including its associated endocrine and
eural controls, may be susceptible to alterations by occupa-
onal, pharmaceutical or environmental exposures to a variety
e
(R
s
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f chemical and physical agents (Singleton and Khan, 2003);
eRosa et al., 1998). The synthetic androgen, 17α-methyltes-
sterone (MT) is widely applied in aquaculture to control sex
etermination and induce sex-reversal of genetic females to
henotypic males (Hunter and Donaldson, 1983; Kitano et al.,
000; Papoulias et al., 2000). Nevertheless, the specific role or
ffect of MT remains to be resolved, and factors such as dose,
ming and duration of MT treatment can influence the effects. It
as been shown that high MT concentrations and/or prolonged
xposure times, may induce phenotypic female characteristics
inchard et al., 1999; Orn et al., 2003). At the transcript level, a

uppression of P450aromA gene expression after MT treatment

mailto:arukwe@bio.ntnu.no
http://dx.doi.org/10.1016/j.cbpc.2007.07.001
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has been reported in several studies (Kitano et al., 1999; Fenske
and Segner, 2004). Furthermore, in several teleost species such
as common carp (Cyprinus carpio; (Nagy et al., 1981), rainbow
trout (Oncorhynchus mykiss; (Ostrowski and Garling, 1987) and
tilapia (Oreochromis mossambicus; (Kuwaye et al., 1993), the
anabolic effects of MT on growth have been demonstrated.
Previous studies addressing the effects of MT treatment in
female fish have mainly focused on monitoring sex reversal and
proportions of intersex in fish (Kitano et al., 2000; Orn et al.,
2003; Kanamori et al., 2006).

The synthesis and regulation of steroid hormones involve a
large number of enzymes and potential biochemical pathways. In
the context of these biochemical pathways, it is believed that
the true rate-limiting step in acute steroid production is the
movement of cholesterol across the mitochondrial membrane by
the steroidogenic acute regulatory (StAR) protein, and the
subsequent conversion to pregnenolone by cytochrome P450-
mediated side-chain cleavage enzyme (P450scc) (Stocco 1997;
Stocco 2001a). The StAR protein and P450scc have been
localized in most steroidogenic organs or tissues, including cod
ovary (Kortner and Arukwe, 2007), and are rapidly synthesized
in response to acute tropic hormone stimulation. Cytochrome
P450 aromatase (P450arom) is another main enzyme involved in
steroidogenesis, responsible for the conversion of a large range
of androgens into estrogens (Simpson et al., 1994). It has been
shown that teleost fish have two distinct mRNA isoforms of
P450arom. P450aromA is predominantly expressed in the ovary
and is involved in sex differentiation and oocyte growth, whereas
P450aromB is highly expressed in brain (Callard et al., 2001;
Kishida and Callard, 2001). Estrogens (17β-estradiol) and
androgens (testosterone and 11-ketotestosterone) are known to
be involved in a number of physiological functions such as
sexual differentiation, ion and carbohydrate homeostasis,
adaptation to stress, immune system functioning and reproduc-
tion (Dean and Sanders, 1996).

Oocytematuration is a complex process that is triggered by the
maturation-promoting factor (MPF) induced on the oocyte
surface by the maturation-inducing hormone (MIH) that is
secreted from follicle cells. During this process, cell division cycle
2 (cdc2) functions as a catalytic subunit while cyclin-B functions
as a regulatory unit whose activity is controlled by inhibitory
phosphorylation of cdc2 on threonine 14/tyrosine 15 (T14/Y15)
(Morgan 1995; Kondo et al., 1997). Thus, the accumulation of
cyclin-B in oocytes controls the timing of early embryonic cell
cycle (Aegerter et al., 2004). It has been shown that natural
occurring steroids as well as endocrine-disrupting chemicals
(EDCs) are able to affect cyclin-B synthesis (Kudo et al., 2004;
Tokumoto et al., 2004; Tokumoto et al., 2005; Kortner and
Arukwe, 2007). Thus, gene expression patterns of cyclin-B may
be used as a marker for oocyte developmental competence.

The present study was designed to evaluate the effects of MT
on gene expression patterns, whose functional products may
regulate steroidogenesis and modulate development of pre-
vitellogenic oocytes. In addition, we investigated the effects of
MT on steroid hormone levels in previtellogenic oocytes. These
were performed using an in vitro organ culture technique that
was based on an agarose floating method and Atlantic cod
(Gadus morhua) as a model species. The Atlantic cod is a
popular species with large economic value and the farming
potential on a global basis is therefore regarded as extremely
high. Despite its high economic significance, the Atlantic cod is
not a well-studied species neither from an endocrinological or
toxicological standpoint. We hypothesize that exposure of
previtellogenic oocytes to MT will produce differential gene
expression and hormone patterns, whose functional products
may modulate steroidogenesis with significant effect on early
oocyte growth and development. After thorough validation,
these responses may be prognostic, diagnostic and indicative of
the effects of pharmaceuticals and chemical endocrine dis-
ruptors on the growth and development of previtellogenic
oocyte in teleosts with potential implication for overt fecundity.

2. Materials and methods

2.1. Chemicals and reagents

17α-Methyltestosterone was purchased from Fluka Che-
mika-Biochemika (Buchs, Switzerland). Trizol reagent for
RNA purification, TA cloning kit and Leibovitz L-15 medium
were purchased from Gibco-Invitrogen life technologies
(Carlsbad, CA, USA). Bovine serum albumin (BSA) and
N-[2-hydroxyethyl]piperazine-N′e-[2-ethanesulfonic acid]
(Hepes) were purchased from Sigma-Aldrich Chemical (St.
Louis, MO, USA). Iscript cDNA synthesis kit and iTaq™Sybr®
Green supermix with ROX were purchased from Bio-Rad
laboratories (Hercules, CA, USA). Generuler™ 100 bp DNA
ladder and dNTPs were purchased from Fermentas GmbH
(Germany). Superpicture™ polymer detection kit (Cat. No. 87-
9263) was purchased from Zymed (San Francisco, CA, USA),
and Tissue-clear® and Tissue-mount was purchased from Sakura
Finetek Europe (Zoeterwoude, The Netherlands). Testosterone
and estradiol-17β enzyme immuno-assay (EIA) kits (Cat. No.
582701 and 582251) were purchased from Cayman Chemical
Company (Ann Arbor, MI, USA). All other chemicals were of
the highest commercially available grade.

2.2. Animals and floating agarose in vitro culture technique

Juvenile female Atlantic cod, 150–350 g body weight were
purchased from Akvaforsk genetic center (Sunndalsøra, Norway)
and kept in circulating water at 10 °C and a 12 h light:12 h dark
photoperiod. The in vitro organ culture techniques employed were
based on the agarose floating method (Nader et al., 1999; Kortner
and Arukwe, 2007). Briefly, juvenile female cod were anesthe-
tized, sacrificed and washed in 70% ethanol. Ovaries were
removed, cut into small pieces (1×1×1 mm) and grown in 6-well
dishes on a floating agarose substrate covered with a nitrocellulose
membrane in basal culture media. The basal culture medium
consisted of Leibovitz L-15 medium supplemented with 0.1 mM
L-glutamic acid, 0.1 mM L-aspartic acid, 1.7 mM L-proline, 0.5%
BSA, and 10 mM HEPES (pH 7.4). The gonadal tissue was
cultured randomly in triplicates (n=3) for 1, 5, 10 and 20 days with
different concentrations of methyltestosterone (0 (control), 1, 10,
100 and 1000 μM) in a humidified incubator at 10 °C. The control
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roup received ethanol (carrier vehicle for MT) and the final
oncentration of ethanol in all exposure groups never exceeded
.3% (v/v). The medium was changed every 5 days after sampling
t day 5, 10 and 20 of exposure. After cultivation, tissues for RNA
urification were homogenized directly in Trizol reagent and
tored at −80 °C until further processing. Tissues for immunohis-
chemical analyses were placed in tissue cassettes with a nylon
esh and fixed in 4% paraformaldehyde, whereas the tissues for
teroid analyses were snap-frozen in liquid nitrogen and thereafter
tored at −80 °C until further processing.

.3. RNA purification and cDNA synthesis

Total RNA was purified from tissues homogenized in Trizol
agent according to established procedures (Chirgwin et al.,
979; Chomczynski and Sacchi, 1987), and RNA concentrations
ere determined using a NanoDrop® ND-1000 UV-Visible
pectrophotometer (NanoDrop Technologies, Wilmington, DE,
SA). Total cDNA for the real-time polymerase chain reaction
CR) were generated from 1 μg total RNA from all samples
sing a mixture of random and poly-T primers from iScript
DNA synthesis kit as described by the manufacturer (Bio-Rad).

.4. The StAR protein and P450scc antibody production and
urification

Polyclonal antibodies for the StAR protein and P450sccwere
roduced by immunisation of rabbits with synthetic peptides for
oth proteins (Eurogentec, Searing, Belgium). The peptide
equences were; (StAR) H2N-MPE QRG VVR AEN GPT C-
ONH2 and (P450scc) H2N-CLL KNG EDW RSN RVI L-
ONH2 with respective molecular weights of 1743.97 and
916.2 (kiloDalton, kDa), and respective isoelectric point (pI)
f 6.45 and 9.45. Rabbits were immunized once a week with the
ynthetic peptides coupled to Keyhole limpet hemocyanin
LH)- m-maleimidobenzoic acid N-hydroxysuccinimide ester
BS). Rabbits were bled after the fourth boost. The resulting

era were purified using Hitrap rProtein A affinity column
mersham, Uppsala, Sweden). Briefly, serum was diluted 1:4
binding buffer (20 mM sodium phosphate, pH 7.0) after

ltration through a 0.45 μm filter. The column was washed with
×column volume of 20% ethanol and binding buffer.
hereafter, the diluted serum was applied with a flow rate of
mL/min. The column was then washed with 5×column

olume of binding buffer, and the purified antibody was eluted
ith 0.1 M sodium citrate buffer (pH 3.5) into tubes containing
Table 1
Primer pair sequence, amplicon size and annealing temperature conditions for genes

Target Gene Primer sequencea

Forward Reverse
StAR CAACGTCAAGCAGGTCAAGA GCATCGGGCTTCAACAC
P450scc AACAACTACTTCCGCAGCCT CGGTAGAACAATGAGC
P450aromA GAGGAGACGCTCATCCTCAG TAGCTGCGTGTCTTCTT
Cyclin-B CGGGAGATGGAGATGACTGT TCTCGTAGTCCACCATG
aSequences are given in the 5′–3′ order.
0 μl of 1 M Tris–HCl (pH 9.0). Protein concentrations were
etermined using a NanoDrop® ND-1000 UV-Visible
pectrophotometer.

.5. Primer optimization, cloning and sequencing

PCR primers for amplification of 150–246 bp gene-specific
CR-products were designed from conserved regions of the
tudied genes. The primer sequences, their amplicon size and
e optimal annealing temperatures are shown in Table 1. Prior
PCR reactions, all primer pairs were used in titration

actions in order to determine optimal primer pair concentra-
ons and their optimal annealing temperatures. All chosen
rimer pair concentrations used at the selected annealing
mperatures gave a single band pattern for the expected
mplicon size in all reactions. PCR products from the genes to
e investigated were cloned into pCRII vector in INVαF′ E.
oli (Invitrogen). Each plasmid was sequenced using ABI-prism
100 Genetic Analyzer (Applied Biosystems, Foster City, CA,
SA) at the Department of Biology, NTNU, Norway.
equences were confirmed using NCBI nucleotide BLAST
oftware (http://www.ncbi.nlm.nih.gov/BLAST).

.6. Quantitative (real-time) PCR

Quantitative (real-time) PCR was used for evaluating gene
xpression profiles. For each treatment, the expression of
dividual gene targets was analyzed using the Mx3000P real-
me PCR system (Stratagene, La Jolla, CA). The following
oncentrations of forward and reverse primers were used for
ach 25-μL real-time PCR reaction: StAR, P450scc, cyclin-B
nd P450aromA at 200 nM each. Each 25-μl DNA amplifica-
on reaction contained 12.5 μL 2×SYBR Green mix
tratagene) with ROX (reference dye), and 1 μL cDNA. The
al-time PCR program included an enzyme activation step at
5 °C (3 min) and 40 cycles of 95 °C (30 s), 52 °C (StAR),
5 °C (P450scc), 58 °C (cyclin-B), 60 °C (P450arom) (30 s),
nd 72 °C (30 s). Controls lacking cDNA template were
cluded to determine the specificity of target cDNA amplifi-
ation. Cycle threshold (Ct) values obtained were converted
to copy number using standard plots of Ct versus log copy
umber. Standard plots for each target sequence were generated
sing known amounts of plasmid containing the amplicon of
terest and only the concentration of the amplicon was used in
is calculation. The criterion for using the standard curve is
ased on equal amplification efficiency with unknown samples,
used for real time PCR

Amplicon size (bp) Annealing temp. (°C) Accesion number
TAT 246 52 AY291434

TGGA 170 55 AY706102
CCA 167 60 AJ555405
CAG 150 58 CO541727

http://www.ncbi.nlm.nih.gov/BLAST
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and this is usually checked prior to extrapolating unknown
samples to the standard curve. Data obtained from triplicate
runs for individual target cDNA amplification were averaged
and expressed as ng/μl of initial total RNA used for reverse
transcriptase (cDNA) reaction and thereafter transformed as
percentage of control. This absolute quantification method is a
well-validated procedure in our laboratory, as we do not use the
so-called housekeeping genes because of their parallel modu-
lation pattern with experimental samples both in our laboratory
(Arukwe 2006) and elsewhere (Steele et al., 2002).

2.7. Previtellogenic oocyte histology and immunohistochemical
analysis

Cultured previtellogenic gonadal tissues were fixed in 4%
paraformaldehyde in 0.1 mM sodium phosphate buffer (pH 7.4)
for 24 h. After fixation, the tissues were washed twice in 70%
ethanol, dehydrated in a graded series of ethanol baths using an
automatic tissue processor (Leica Microsystems, Nussloch,
Germany), cleared in Tissue-Clear®, embedded in paraffin blocks
and sectioned at 5 μm. Immunohistochemical analysis was
preformed using SuperPicTure™ polymer detection kit (Zymed,
Cat. number 87-9263) according to the manufacturer's protocol. In
brief, sections were deparaffinized, rehydrated in graded series of
ethanol and incubated for 1 h with rabbit polyclonal antibody
against the StAR protein and P450scc diluted 1:200. After
subsequent washing in PBS, sections were incubated with a
horseradish peroxidase (HRP) polymer-conjugated anti-rabbit
secondary antibody for 10 min. Colour visualizations were
performed by incubation with 3,3′-diaminobenzidine (DAB)
chromogen for 5 min, and hematoxylin was used as a counterstain.
Control stains were performed by omission of the primary
antibody. Sections were mounted using Tissue-Mount, and relative
intensity and localization of the StAR protein and P450scc staining
were evaluated using light microscopy.

2.8. Steroid hormone analysis

Estradiol-17β and testosterone concentrations were mea-
sured in cultured gonad tissue using enzyme immunoassay
(EIA) kits from Cayman Chemical Company (Ann Arbor, MI,
USA). Tissues cultured for 1, 5, 10 and 20 days were used for
steroid hormone determinations. Tissues stored at −80 °C were
thawed on ice, homogenized in 1:4 volume of 0.1 M Na-
phosphate buffer and centrifuged at 14,000 g for 15 min. The
supernatants were purified by extraction using organic solvent
to prevent the interference of lipids and proteins in the analysis.
Briefly, the supernatant was mixed with 4 mL diethyl ether
using a vortex mixer. After phase separation, the aqueous
portion was frozen in an ethanol/dry ice bath. The lipophilic
phase was decanted into a clean tube, and the ether phase
was evaporated by heating to 30 °C. The dry extract was
reconstituted in 300 μL EIA buffer by vortexing. Enzyme
immunoassays were run as recommended by Cayman with a
development time of 75 min (estradiol-17β) and 60 min
(testosterone) and the cross-reactivity of E2 and T antibodies
with other steroid hormones are negligible. Data were
quantified against a standard curve that was linearized using a
logit transformation of B/B0 (bound sample/maximum bound).

2.9. Statistical analyses

Statistical analysis was performed with GraphPad Prism,
version 2.1 (GraphPad Software Inc. 1996). Significant differences
between control and exposure groups were performed using One-
way ANOVA. Statistical differences between exposure groups
were analyzed using the Tukey's Multiple Comparison Test. The
level of significance was set at p=0.05 unless otherwise stated.

3. Results

3.1. Modulation of StAR, P450scc and P450aromA expressions

The expression of StAR in cod previtellogenic oocytes was
modulated after exposure to different concentrations of MT in a
time-specific manner (Fig. 1). At days 1 and 5 of exposure, MT
produced an apparent concentration-dependent increase of StAR
mRNA expression (Fig. 1A and B, respectively), showing a
respective significant 3-fold and 2.5-fold increase after exposure
to 100 and 1000 μM MT at day 1, and a 4.5-fold and 2-fold
significant increase after exposure to 100 and 1000 μM MT at
day 5 compared to the solvent control. On the contrary, StAR
showed a minor, non-significant concentration-specific decrease
at 10 and 20 days of exposure, compared to control (Fig. 1C and
D, respectively). The expression of P450scc in cod previtello-
genic oocytes was modulated after exposure to different
concentrations of MT in a time-specific manner (Fig. 2). No
differences between MTexposure groups were observed at day 1
of exposure (Fig. 2A). At day 5 of exposure, MTexposure caused
significant reduction of P450scc for all MT concentrations
compared to the solvent control (Fig. 2B). At 10 d of exposure
(Fig. 2C), MTexposure produced variable effects on the P450scc
mRNA expression that can be described as concentration-
specific increases (1 and 100 μM) and an almost total inhibition
(10 and 1000 μM). A minor, but non-significant decrease after
MTexposure was observed at 20 days of exposure (Fig. 2D). The
expression of P450aromA in cod previtellogenic oocytes was
modulated after exposure to different concentrations of MT in a
time-specific manner (Fig. 3). At 1 day of exposure (Fig. 3A),
MT exposure produced a concentration-dependent induction of
P450aromA mRNA expression. On the contrary, a general
decrease was observed for high MT concentrations compared to
the solvent control at 5 and 10 days of exposure (Fig. 3B and C,
respectively). No significant differences between exposure
groups were observed at day 20 of exposure, albeit showing an
apparent increasing trend (Fig. 3D).

3.2. Modulation of cyclin-B expression

The expression of cyclin-B in cod previtellogenic oocyte was
modulated after exposure to different concentrations of MT in a
time-specific manner (Fig. 4). At day 1 of exposure, MT produced
a minor, but non-significant decrease of cyclin-B transcription
(Fig. 4A). In contrast, cyclin-B showed a small increase after
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Fig. 1. Expression of StAR mRNA levels in cultured previtellogenic oocytes of Atlantic cod exposed to methyltestosterone (MT) at 0 (control), 1, 10, 100 and
1000 μM. Previtellogenic oocytes were sampled at day 1 (A), 5 (B), 10 (C) and 20 (D) of exposure. Messenger RNA (mRNA) levels were quantified using real-time
PCR with specific primer pairs. Data are given as mean expressed as percentage (%) of control (n=3)±standard error of the mean (SEM). Different letters denote
exposure groups that are significantly different (pb0.05), analyzed using ANOVA followed by Tukey's multiple comparison test.
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xposure to 1000 μM of MT at day 5, compared to control
ig. 4B). The expression patterns of cyclin-B at day 10 and 20 of
xposure showed an increase at 1 μM and thereafter, an MT
oncentration-specific decrease was observed (Fig. 4C and D,
spectively). The MT-mediated decrease in cyclin-B mRNA
xpression reached an almost total inhibition after exposure to
ighestMTconcentration (1000 μM) at day 10 and 20 of exposure.
ig. 2. Expression of P450scc mRNA levels in cultured previtellogenic oocytes of A
000 μM. Previtellogenic oocytes were sampled at day 1 (A), 5 (B), 10 (C) and 20 (D)
CR with specific primer pairs. Data are given as mean expressed as percentage (%)
xposure groups that are significantly different (pb0.05), analyzed using ANOVA fol
.3. Histology and immunohistochemical analysis of the StAR
rotein and P450scc

The cellular localization of the StAR protein and P450scc in
ultured previtellogenic oocytes of cod sampled at day 10 of
xposure is shown in Fig. 5A, B, C and D, E, F respectively.
sing rabbit polyclonal antibodies prepared against synthetic
tlantic cod exposed to methyltestosterone (MT) at 0 (control), 1, 10, 100 and
of exposure. Messenger RNA (mRNA) levels were quantified using real-time
of control (n=3)±standard error of the mean (SEM). Different letters denote
lowed by Tukey's multiple comparison test.



Fig. 3. Expression of P450aromA mRNA levels in cultured previtellogenic oocytes of Atlantic cod exposed to methyltestosterone (MT) at 0 (control), 1, 10, 100 and
1000 μM. Previtellogenic oocytes were sampled at day 1 (A), 5 (B), 10 (C) and 20 (D) of exposure. Messenger RNA (mRNA) levels were quantified using real-time
PCR with specific primer pairs. Data are given as mean expressed as percentage (%) of control (n=3)±standard error of the mean (SEM). Different letters denote
exposure groups that are significantly different (pb0.05), analyzed using ANOVA followed by Tukey's multiple comparison test.
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peptide sequences, the cellular localization of StAR and
P450scc were mainly observed in follicular cells of the oocyte
boundary layer in both control and exposed tissues. The relative
intensity of both proteins was generally very low and did not
show significant differences between control and MT exposure
Fig. 4. Expression of cyclin-B mRNA levels in cultured previtellogenic oocytes of A
1, 10, 100 and 1000 μM) and sampled at day 1 (A), 5 (B), 10 (C) and 20 (D) of exp
specific primer pairs. Data are given as mean expressed as percentage (%) of con
groups that are significantly different (pb0.05), analyzed using ANOVA followed
groups. In addition, no significant differences in staining
intensity between day 5 and 10 were observed (data not
shown). Evaluation of oocyte morphology and size revealed
that previtellogenic oocytes had a diameter of approximately
100 μm and there were no significant differences between
tlantic cod exposed to different concentrations of methyltestosterone (0 (control),
osure. Messenger RNA (mRNA) levels were quantified using real-time PCR with
trol (n=3)±standard error of the mean (SEM). Different letters denote exposure
by Tukey's multiple comparison test.
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Fig. 5. Cellular localization of the StAR protein (A: control, B: 10 μM, C: 100 μM) and P450scc (D: control, E: 10 μM, F: 100 μM) in cultured previtellogenic oocytes
of Atlantic cod exposed to different concentrations of MT, and sampled at day 10 of exposure. The figures are representative histological and immunohistochemical
sections, as there were not significant differences between the exposure groups or to control. Arrows show positive StAR and P450scc staining in follicular cells of the
oocyte boundary. Bar equals 50 μm.
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ontrol and MT-exposed samples. All sections examined dis-
layed a normal histology.

.4. Modulation of E2 and T levels

Estradiol-17β (E2) and testosterone (T) concentrations were
easured in previtellogenic gonad tissue cultures exposed to MT
ig. 6. Testosterone (T) levels at day 1, 5, 10 and 20 (A, B, C and D, respectively) in cultu
T. Steroid hormone levels were determined using enzyme immunoassay method. Data
ean (SEM). Different letters denote exposure groups that are significantly different (p
or 1, 5, 10 and 20 days. Testosterone levels at 1, 5, 10 and
0 days of exposure toMTconcentrations is shown in Fig. 6A, B,
and D, respectively. MT produced a small, but significant

oncentration-dependent increase of T levels, reaching 800 pg/
L in tissues exposed to the highest MT concentration
1000 μM). In general, T levels in the four different sampling
ays showed apparent similar patterns. E2 levels at 1, 5, 10 and
red previtellogenic oocytes of Atlantic cod exposed to different concentrations of
are given as mean value and expressed as pg/mL of n=3±standard error of the
b0.05), analyzed using ANOVA followed by Tukey's multiple comparison test.



Fig. 7. Estradiol-17β levels (E2) at day 1, 5 10 and 20 (A, B, C and D, respectively) in cultured previtellogenic oocytes of Atlantic cod exposed to different
concentrations of MT. Steroid hormone levels were determined using enzyme immunoassay method. Data are given as mean value and expressed as pg/mL of n=3±
standard error of the mean (SEM). Different letters denote exposure groups that are significantly different (pb0.05), analyzed using ANOVA followed by Tukey's
multiple comparison test.
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20 days of exposure to MT concentrations are shown in Fig. 7A,
B, C and D, respectively. MT produced an apparent concentra-
tion-and time-dependent increase of E2 levels. In general,
exposures to low concentrations of MT (1 and 10 μM) showed
slightly decreased E2 levels at all four sampling days. In contrast,
exposures to the higher concentrations ofMT (100 and 1000 μM)
produced significant increases in E2 levels, reaching a 150-fold
increase compared to the solvent control for the highest MT
exposure (1000 μM) at 20 days of exposure.

4. Discussion

Despite its enormous economic importance for Norway and on
the global basis, theAtlantic cod is not awell-studied species from
an endocrinological or toxicological standpoint. Therefore, the
present studywas performed in order to develop an oocyte culture
system to determine the effects of the synthetic pharmaceutical
androgen, MT, on early ovarian growth by quantifying the gene
expression patterns of the protein (StAR) and enzymes (P450scc
and P450aromA) responsible for critical steps in ovarian
steroidogenesis. In addition, the effects of MT on oocyte growth
and development were examined by quantifying the expression
pattern of cyclin-B.We show that MTmodulates StAR, P450scc,
P450aromA and cyclin-B gene expressions and that these effects
were dependent on time of exposure and MT concentration.
Interestingly, a apparent direct relationship between the MT-
induced decreases of StAR, P450scc, P450aromA and cyclin-B at
day 10 of exposure were demonstrated. Thus, the present study
reveals some novel aspects of MT, a pharmaceutical and potent
endocrine modulator known to be present in the aquatic
environment at biologically active concentrations, on develop-
ment and oocyte growth in teleosts.
4.1. Effects on StAR, P450scc, P450arom mRNA and steroid
hormone levels

The present study demonstrates that both StAR, P450scc and
P450aromAwere modulated by MTexposures in a time-specific
manner. The expression levels of these genes were affected at all
exposure times. However, day 10 of exposure produced a
unique, but consistent pattern of MT effect. At this exposure
time, a general decrease in transcript levels for StAR, P450scc
and P450aromA were observed in cultured cod previtellogenic
oocytes. This particular pattern of MT modulation of StAR,
P450scc and P450aromA genes suggests a time-and concentra-
tion-dependent control mechanism for in vitro oocyte regulation
of steroidogenesis. Furthermore, changes in transcript levels are
not always good surrogate for changes in protein levels. Using
immunohistochemical analysis, we found minor differences in
staining intensity in the StAR protein and P450scc after
exposure to MT. Early mammalian studies showed that the
StAR protein is a 30 kDa protein that is first synthesized in the
cytosol as 37 kDa precursor in response to the activation of
cAMP protein kinase-A intracellular signaling pathways
(Artemenko et al., 2001). Newly synthesized StAR was recently
shown as the effective mediator of cholesterol transfer protein
and this is often present in low levels with very high estimated
effectivity in the excess of 400 cholesterol molecules for each
StAR molecule (Artemenko et al., 2001; Kusakabe et al., 2002).
In addition, experiments in Y-1 and primary adrenal cells have
established that basal StAR mRNA is sufficient for maximum
cAMP-stimulated cholesterol metabolism providing that newly
synthesized p37 StAR precursor is phosphorylated, transferred
to the matrix and proteolytically cleaved to pp30 (Jefcoate et al.,
2000). Therefore, the subtle changes in the StAR protein may
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ot be easily detected by the qualitative immunohistochemical
pproach, as could be expected using transcript analysis.
evertheless, these observations are in compliance with
revious in vivo studies, showing a decrease of P450aromA
RNA levels in gonads after MT treatment (Kitano et al., 2000;
enske and Segner, 2004). Since the expression of P450aromA
RNA showed an MT concentration-dependent increase at day
of exposure, it suggests a bi-phasic mode MT effect on the
romatase pathway of previtellogenic cod oocytes. Recently, we
emonstrated a general decrease in StAR and P450scc mRNA
evels after exposure to the xenoestrogen. 4-nonylphenol in
ultured cod previtellogenic oocytes (Kortner and Arukwe,
007). Thus, we suggest a general gonadal feedback control
echanism with similar biological properties after exposure to
ex steroid hormones or xenoestrogens. Regardless of organ or
issue, the delivery of cholesterol from the outer mitochondrial
embrane by the StAR protein to the inner mitochondrial
embrane, where P450scc resides, is the ultimate rate-limiting
tep in steroid hormone biosynthesis (Stocco 2000; 2001b).
odulation of this process will eventually affect testicular,
varian and adrenocortical functions in exposed individuals.
herefore, the StAR protein plays a critical role in the regulation
f hormonally induced acute steroid production by stimulating
holesterol transfer through hydrophobic tunnel structures
ormed within its molecule (Stocco 2000; 2001b). Thus, the
mpaired steroidogenesis and hormonal imbalance reported in
he present study may have potential consequences for the
itellogenic process and overt fecundity in teleosts.
Furthermore, the sex steroid hormone (E2 and T) levels were
odulated in cod previtellogenic oocytes in an apparent MT
oncentration-and time-dependent manner. The T levels were
enerally high, reaching 800 pg/mL in oocyte tissue exposed to
he highest MT concentration (1000 μM). Interestingly, the E2
evels were generally very low in solvent control groups and in
ocytes exposed to low MT concentrations (1 and 10 μM).
owever, after exposure to higher concentrations of MT, a
trong increase in E2 levels were observed, reaching 800 pg/L in
issues exposed to the 1000 μMMTat day 20 of exposure. MT is
potent androgen receptor agonist and is generally considered to
e aromatizable when administered at high concentration
Nakamura 1975; Piferrer et al., 1993; Borg 1994). Previous in
ivo studies have demonstrated that MT promotes masculiniza-
ion and development of phenotypic female fish, a phenomenon
hich is referred to as a “paradoxical feminisation” (Rinchard
t al., 1999; Zerulla et al., 2002; Orn et al., 2003; Fenske and
egner, 2004). The extent and magnitude of MT effect on
asculinization and sex-reversal depends on a number of biotic
nd abiotic factors including age, size, developmental stage,
mbient temperature, nutritional factors, exposure duration and
ethod and season (Higgs et al., 1982). The paradoxical
eminization shift in sex ratio suggests an increased aromatase
ctivity with subsequent conversion of MT to methylestradiol
ME2) (Hornung et al., 2004). These findings are in
ccordance with our observations showing that MT produced
n apparent concentration-dependent increase of P450aromA
RNA that is consistent with E2 levels at day 1 of exposure.
owever, decreased P450aromA mRNA levels were observed
t days 5 and 10 of exposure, suggesting a negative feedback
ontrol mechanism for previtellogenic oocyte regulation of
teroidogenesis. Nevertheless, given the relatively high
oncentration of T in all exposed samples and the strong
ncrease in E2 levels observed in samples exposed to the two
ighest MT concentrations, suggest the conversion of MT to
2. Therefore, MT seems to be aromatizable at these
oncentrations in vitro.

.2. Effects on cyclin-B mRNA levels

Oocyte maturation is a complex process that is triggered by the
aturation-promoting factor (MPF) and cyclin-B functions as a
egulatory subunit (Kondo et al., 1997). The expression of MPF is
hought to be a response to stimulation on the oocyte surface by the
aturation-inducing hormone (MIH). Previous reports has
emonstrated that MIH stimulates the translation of cyclin-B
RNA stored in immature oocytes (Hirai et al., 1992).
urthermore, it is thought that cyclin-B accumulation in oocytes
ontrols the timing of early embryonic cell cycle (Aegerter et al.,
004). Despite the knowledge that full grown oocytes mature in
esponse to MIH through a mechanisms that involves the binding
f synthesized cyclin-B protein to pre-existing cdc2 enabling the
dk7-mediated phosphorylation of cdc2 at threonine 161 (T161), it
s well known that previtellogenic and vitellogenic oocytes does
ot respond to MIH stimulation. The failure of growing
previtellogenic and vitellogenic) oocytes to mature after MIH
reatment is suggested to be due to their failure to synthesize the
yclin-B protein from the mRNA stored in oocytes (Kondo et al.,
997). It has also been shown that natural occurring steroids as
ell as endocrine-disrupting chemicals (EDCs) are able to affect
yclin-B synthesis (Kudo et al., 2004; Tokumoto et al., 2004;
okumoto et al., 2005). In our recent study, we reported the
xpression of cyclin-B in previtellogenic cod oocytes, whose
xpression patterns were modulated by the xenoestrogen 4-
onylphenol in a time- and concentration-specific manner (Kortner
nd Arukwe, 2007). The biphasic expression pattern suggests a
ime-specific effect of MT on oocyte development. Thus, gene
xpression of cyclin-B may be used as a sensitive marker for early
ocyte growth and developmental competence in teleost species.
In several teleost species such as common carp (C. carpio;

Nagy et al., 1981), rainbow trout (O. mykiss; (Ostrowski and
arling, 1987) and tilapia (O. mossambicus; (Kuwaye et al., 1993),
he anabolic effect of MT on growth have been demonstrated. In
he present study, the expression pattern of cyclin-B paralleled the
xpression patterns of StAR, P450scc and P450aromA, showing
ecreased mRNA levels at day 10 of exposure. It should be noted
hat the only two compounds identified as naturally occurringMIH
n fish are both progestin C21 steroids, namely 17α, 20β-
ihydroxy-4-pregnen-3-one and 17α, 20β, 21-trihydroxy-4-preg-
en-3-one (Nagahama and Adachi, 1985; Patino and Thomas,
990). Therefore, the decreased expressions of StAR, P450scc and
450aromA may lead to decreased levels of functional MIH that
ay eventually result in decreased levels of cyclin-B synthesis in
od ovary. Thus, MT and other xenoandrogens may exhibit
odulatory effects in the early growth and maturation process of
revitellogenic oocytes.
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From an endocrinological point of view, it has been suggested
that androgens may increase oocyte diameter and modify growth
factor receptors (Vendola et al., 1999; Rohr et al., 2001), but the
underlying molecular mechanism(s) involved in possible gene
regulation in the growth of previtellogenic oocytes is not wel
understood. Recently, we observed that both aromatizable (T)
and non-aromatizable (11-KT) androgens induce oocyte devel-
opment in the previtellogenic cod ovary, as well as differentia
gene expression patterns, whose functional products modulate
oocyte growth (Kortner et al., submitted). The role of androgens
in previtellogenic oocytes is supported by the observation that the
early ovarian growth of species-specific critical stage progressed
in hypophysectomized freshwater turtle, Chrysemys picta
indicating that gonadotropins (GtHs) were not necessary (Ho
et al., 1982). Furthermore, Bieniarz and Kime (Bieniarz and
Kime, 1986) were unable to demonstrate specific binding of
radio labeled GtH (125I-GtH) to previtellogenic common carp (C
carpio) ovaries. Recently, Rohr et al., (Rohr et al., 2001)
demonstrated that 11-KT (the active male-specific androgen in
teleosts) induces an increase in the diameter and development of
previtellogenic eel (Anguilla australis) oocytes. In mammals
androgens also modify the intra-ovarian gene expression in the
rhesus monkey, as demonstrated by increased mRNA abundance
of insulin-like growth factor-1 (IGF-1) and IGF-1-receptor
(Vendola et al., 1999) in follicles up to early antral stage
Based on the above named studies, androgens appear to play a
pivotal role in stimulating the growth of small ovarian follicles in
vertebrates, at least in mammals and fish. These observations
strongly indicate that StAR, P450scc and P450aromA may be
important targets for androgens involvement in the regulation of
fecundity in females. However, there are still important gaps of
knowledge concerning androgen-induced effects in females on
the whole organism level and this should be studied in more
detail. In this regard, the identification and full-length gene
cloning of the StAR protein in Atlantic cod (Goetz et al., 2004)
represents a promising sign in the understanding the roles and/or
effects of androgens in this important species. Furthermore
although physiological (1 and 10 μM) and apparently high and
pharmacological (100 and 1000 μM) concentrations of MTwere
used in the present study and therefore the high concentrations
cannot directly be extrapolated to physiological androgens levels
they should rather be seen a an initial mechanistic approach and
method development in understanding the role of androgens on
early oocyte growth. Thus, the true effect of androgens on early
oocyte growth and development should be investigated using
physiologically relevant concentrations. This study is currently in
progress in our laboratory.

From a toxicological point of view, the cod is a marine
species and MT does not represent an environmental issue of
reasonable concern in the marine environment, compared to
freshwater environment. However, there are very few data on
the effect of environmental androgens in fish species
particularly in the ovary and available data has focused mainly
on male species. Therefore, the findings in the present study
represent novel informations that can be used to deduce the
effects of xenoandrogens on oocyte development and over
fecundity. Our results reveal some novel aspects of MT effects
on development and oocyte growth in teleosts, suggesting
impaired steroidogenesis and hormonal imbalance with poten-
tial consequences for the vitellogenic process and over
fecundity. The Atlantic cod is a popular species with large
economic value and therefore the aquaculture potential on a
global basis is therefore regarded as extremely high. In addition
cod is also the main marine species in Norway for coastal water
pollution monitoring (Goksøyr et al., 1994; Martin-Skilton
et al., 2006; Sturve et al., 2006). The National Joint Assessment
and Monitoring Programme (JAMP, OSPAR) have used this
species in fjord monitoring since the beginning of the 1980s
(Tromp and Wieriks, 1994). Norwegian offshore oil industry
has recently adopted the Atlantic cod as a promising organism
to be used in biomonitoring studies, particularly in relation to
produced water discharges that may contain both estrogenic and
androgenic chemicals. Some studies indicate that alkyl phenols
released from offshore platforms along with production water
are capable of disturbing the hormonal balance and reproductive
capacity of cod (Meier et al., 2002). These studies suggest tha
increased petroleum release in natural habitat of cod may cause
a threat to the species.

5. Conclusions

The present study demonstrates that in vitro exposure of
previtellogenic cod oocytes to MT modulated the gene
expression of the main steroidogenic protein (StAR) and
enzymes (P450scc and P450aromA) and the oocyte maturation
regulatory factor, cyclin-B. The consistency in the expression
patterns observed in these parameters at day 10 of exposure
suggests a general mode of action for their role in steroidogenesis
and early ovarian growth. Thus, these results reveal some nove
information of androgen effects on internal signals that regulate
fecundity, development and oocyte growth. In addition, our
findings suggest that the cultured previtellogenic oocytes are
experiencing alterations in key steroidogenic pathways. Mos
importantly, the floating agarose method shows great potential as
a sensitive in vitro organ culture system for studies on endocrine
disrupting chemicals. Thus, the impaired steroidogenesis and
hormonal imbalance reported in this study may have potentia
consequences for the vitellogenic process and overt fecundity in
teleosts. In view of the integral role of steroids in homeostatic
process, growth, metabolism, reproduction and development of
central nervous system and function, these effects may have
serious impact on this endocrine pathway and potentially affec
organismal reproductive performance and health. In this regard
and given the relative concern about the increasingly higher
concentrations of synthetic pharmaceuticals reported in effluents
and surface waters from Europe (Desbrow et al., 1998); (Larsson
et al., 1999) and North America (Kolpin et al., 2002) pharma-
ceuticals in the environment represent serious health concern
both to humans and wildlife.
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Abstract

The steroidogenic acute regulatory (StAR) protein and cytochrome P450-mediated cholesterol side-chain cleavage (P450scc) have
been localized in most steroidogenic organs and are rapidly synthesized in response to acute tropic hormone stimulation. In this study, we
present the development of cod previtellogenic oocyte in vitro culture system, histological and molecular methods for evaluating the
eVects of endocrine disruptors such as nonylphenol (NP) on steroid hormone levels, the StAR protein and P450scc. In addition, expres-
sion pattern of cyclin-B was studied, because of cyclin B’s role as an indicator of oocyte growth in Wsh. The in vitro previtellogenic oocyte
culture technique was based on an agarose Xoating method. Tissue was cultured in a humidiWed incubator at 10 °C for 4, 7, 14 and 21 d
with diVerent concentrations of nonylphenol (0 (control), 1, 10, 50 and 100 �M) dissolved in ethanol (0.3%). Gene expressions were
detected using validated real-time polymerase chain reaction (PCR) with speciWc primers. Immunohistochemistry of the StAR protein
and P450scc were performed using antisera prepared against synthetic peptide for both proteins. Estradiol-17� (E2) and 11-ketotestoster-
one (11-KT) tissue levels were estimated using enzyme immunoassay. Our data show that nonylphenol produced a unique and consistent
concentration-speciWc pattern of modulation for the StAR protein, P450scc and cyclin-B gene expression at day 14 after exposure. This
pattern is generally described as increasing from 0 (control) to 1 and 10 �M, and decreased at 50 and 100 �M. The observed changes in the
StAR protein, P450scc and cyclin-B levels showed a direct relationship with changes in 11-KT levels at day 14 after exposure. Cellular
localization of StAR and P450scc were speciWc to the follicular cells of previtellogenic oocytes, but with no diVerences in staining
intensities. No signiWcant change in oocyte diameter was observed between the exposure groups. Our data reveal some novel aspects of
nonylphenol eVects on maturation and oocyte growth in teleosts, suggesting impaired steroidogenesis and hormonal imbalance with
potential consequences for the vitellogenic process and overt fecundity.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Steroidogenesis; StAR; P450scc; Cyclin-B; Nonylphenol; Endocrine disruption; Previtellogenic oocytes; Atlantic cod; In vitro system
1. Introduction

The synthesis and regulation of steroid hormones, such as
estrogens and androgens, involve a vast number of enzymes
and potential biochemical pathways. Generally, it is believed
that the true rate-limiting step in acute steroid production is
the movement of cholesterol across the mitochondrial mem-
brane by the steroidogenic acute regulatory (StAR) protein,

* Corresponding author. Fax: +47 73 591309.
E-mail address: arukwe@bio.ntnu.no (A. Arukwe).
0016-6480/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygcen.2006.10.008
and the subsequent conversion to pregnenolone by cyto-
chrome P450-mediated side-chain cleavage enzyme (P450scc)
(Stocco, 1997, 2001a). The StAR protein and P450scc have
been localized in most steroidogenic organs or tissues, includ-
ing the ovaries, and are rapidly synthesized in response to
acute tropic hormone stimulation. Estrogens (17�-estradiol)
and androgens (testosterone and 11-ketotestosterone) are
known to be involved in a number of physiological functions
such as sexual diVerentiation, ion and carbohydrate homeo-
stasis, adaptation to stress, immune system functioning and
reproduction (Dean and Sanders, 1996).
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Prior to vitellogenesis (previtellogenesis), androgens may
play an integral role in the regulation of oocytes (immature
eggs) growth. Preliminary evidence supporting these
assumptions are derived from the induction of oocyte
growth in in vitro androgen exposed immature female eels,
probably by gene regulation mechanisms (genomics) or by
protein modiWcation mechanisms (proteomics) (Rohr et al.,
2001). It was demonstrated that 11-ketotestosterone (11-
KT, the active male-speciWc androgen in teleosts) induces
an increase in the diameter and development of previtello-
genic eel oocytes (Rohr et al., 2001). Generally, androgens
appear to play a pivotal role in stimulating the growth of
small ovarian follicles in vertebrates, at least in mammals
and Wsh (Weil et al., 1998, 1999; Rohr et al., 2001). The
eVects of androgens on follicle development are common,
despite the diversity in follicular development in these two
species. For example, the addition to the pool of developing
oocytes through oogonial proliferation in Wsh is a lifetime
continuous process (Tyler and Sumpter, 1996), whereas
oocyte numbers in mammals are Wxed at birth (Hsueh et al.,
2000). However, several recent studies have shown that
oocytes can be formed in adult mouse and humans (John-
son et al., 2004; Bukovsky et al., 2005).

Oocyte maturation is a complex process that is triggered
by the maturation-promoting factor (MPF) and during this
process, cyclin-B functions as a regulatory factor (Kondo
et al., 1997). Thus, the accumulation of cyclin-B in oocytes
controls the timing of early embryonic cell cycle (Aegerter
et al., 2004). It has been shown that natural occurring ste-
roids as well as endocrine-disrupting chemicals (EDCs) are
able to aVect cyclin-B synthesis (Kudo et al., 2004; Tokum-
oto et al., 2004, 2005). Thus, gene expression patterns of
cyclin-B may be used as a marker for oocyte developmental
competence.

A large number of anthropogenic chemicals released
into the environment may disrupt endocrine homeostasis in
humans and animals by interfering with developmental
processes and endocrine systems (Colborn and Clement,
1992). These anthropogenic chemicals may cause hormonal
imbalance with potential consequences for fecundity and
reproduction (Gale et al., 2004). A number of structurally
diverse environmental chemicals such as atrazine (Danzo,
1997; Hayes et al., 2002), ROUNDUPTM herbicide (Walsh
et al., 2000a) and pharmaceuticals such as letrozole (Assikis
and Buzdar, 2002, 2004) and ketoconazole (Miranda et al.,
1998; Hegelund et al., 2004) are known to modulate
enzymes or proteins involved in steroidogenesis. The
majority of xenoestrogens and natural estrogens that have
endocrine disrupting eVects exert their actions through
modulation of steroid pathways (Jalabert et al., 2000;
Monod et al., 2004). However, the mechanisms of action of
these xenoestrogens are not well understood and have not
been well investigated with regard to ovarian steroidogenic
pathways. Recently, we showed that nonylphenol modu-
lated brain steroidogenic enzymes (StAR, P450scc and
CYP11�) and the biotransformation enzymes, CYP1A1
and CYP3A (Arukwe, 2005).
Nonylphenol (NP) is a degradation product of alkylphe-
nol polyethoxylates (APEs) that are widely used as raw
materials for active surface agents (anionic surface active
agent, nonionic surface active agent), ethyl cellulose stabi-
lizers, oil soluble phenyl resins, esters. It is also used as pro-
cessed articles for detergents, oil varnishes, rubber
auxiliaries and vulcanization accelerators, antioxidants and
corrosion inhibitors for petroleum products, sludge genera-
tion inhibitors for petroleum (Khim et al., 2001). The ovary
is a known target organs for endocrine disrupters, and it is
well established that NP modulates reproductive responses
like zonagenesis and vitellogenesis (Arukwe et al., 1997b,
2000; Folmar et al., 2002). The eVects of NP on the basal
internal signals that regulate early ovarian growth prior to
vitellogenesis (previtellogenesis), fecundity, reproduction
and maturation are generally not known. In the present
study, we present the development of Atlantic cod previtell-
ogenic oocyte in vitro culture system, histological and
molecular methods for evaluating the eVects of EDCs (such
as nonylphenol) on the rate-limiting (StAR and P450scc)
steroidogenic pathways. In addition, gene expression pat-
tern of cyclin-B was studied, due to cyclin-B’s role as an
indicator of oocyte growth in juvenile Wsh. The Atlantic cod
is a popular species with large economic value and the
farming potential on a global basis is, therefore, regarded as
extremely high. In addition, cod is also the main marine Wsh
species for coastal water pollution monitoring (Cole, 1979;
Goksøyr et al., 1994; Martin-Skilton et al., 2006; Sturve
et al., 2006). Some studies indicate that alkyl phenols
released from oVshore platforms along with production
water may aVect the hormonal balance and reproductive
capacity of cod (Meier et al., 2002). The main objectives of
this study were (1) to develop an in vitro model ovarian sys-
tem for studying the eVects of endocrine disrupting chemi-
cals and (2) evaluate the eVects of nonylphenol on
previtellogenic oocyte growth and gene expression patterns.
We hypothesize that exposure of previtellogenic oocytes to
diVerent concentrations of nonylphenol will cause diVeren-
tial gene expression patterns, whose functional products
modulate steroidogenesis and early oocyte growth. These
responses will indicate adverse physiological eVects,
impaired steroidogenesis with potential consequences for
overt fecundity and serve as sensitive and mechanistic
markers of eVect for EDCs.

2. Materials and methods

2.1. Chemicals and reagents

4-Nonylphenol (NP; 85% of p-isomers) was purchased from Fluka
chemika-biochemika (Buchs, Switzerland). The impurities in 4-nonylphe-
nol consist mainly of phenol (8–13%), tripropylene (»1%) and 2,4-dino-
nylphenol (»1%). Trizol reagent for RNA puriWcation, TA cloning kit and
Leibovitz L-15 medium were purchased from Gibco-Invitrogen life tech-
nologies (Carlsbad, CA, USA). Bovine serum albumin (BSA) and N-[2-
hydroxyethyl]piperazine-N �-[2-ethanesulfonic acid] (Hepes) were
purchased from Sigma Chemical (St. Louis, MO, USA). Iscript cDNA
Synthesis Kit and iTaq™Sybr® Green supermix with ROX were
purchased from Bio-Rad laboratories (Hercules, CA, USA). Generuler™
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100 bp DNA ladder and dNTPs from Fermentas GmbH (Germany),
RNA later were purchased from Ambion (Austin, TX, USA). Superpic-
ture™ polymer detection kit (Cat. No. 87-9263) was purchased from
Zymed (San Francisco, CA, USA), and Tissue-clear® and Tissue-mount
was purchased from Sakura Finetek Europe (Zoeterwoude, The Nether-
lands). 11-Ketotestosterone and estradiol-17� enzyme immuno-assay
(EIA) kits (Cat. Nos. 582251 and 582751) were purchased from Cayman
chemical company (Ann Arbor, MI, USA). All other chemicals were of the
highest commercially available grade.

2.2. Animals and culture technique

Juvenile female Atlantic cod of 200–250 g body weight were purchased
from Akvaforsk genetic center (Sunndalsøra, Norway) and kept in circu-
lating water at 10 °C and a 12 h light:12 h dark photoperiod. The in vitro
organ culture techniques employed were based on the agarose Xoating
method described by Nader and coworkers (1999). BrieXy, juvenile female
cod were anesthetized, sacriWced and washed in 70% ethanol. Ovaries were
removed, cut into small pieces (1 £ 1 £ 1 mm) and grown in 6-well dishes
on a Xoating agarose substrate covered with a nitrocellulose membrane in
basal culture media. The basal culture medium consisted of Leibovitz L-15
medium supplemented with 0.1 mM L-glutamic acid, 0.1 mM L-aspartic
acid, 1.7 mM L-proline, 0.5% BSA and 10 mM Hepes (pH 7.4). Tissue prep-
aration and culture were performed under strict sterile conditions without
antibiotics, because antibiotics may have the potential of aVecting the gene
expression patterns. The gonadal tissue was cultured for 4, 7, 14 and 21
days with diVerent concentrations of NP dissolved in ethanol at 0 (con-
trol), 1, 10, 50 and 100 �M in a humidiWed incubator at 10 °C. The control
group received ethanol and the Wnal concentration of ethanol in all expo-
sure groups never exceeded 0.3% (v/v). The medium was changed every 7
days after sampling at day 7, 14 and 21 after exposure. After cultivation,
tissues for RNA puriWcation were homogenized directly in Trizol reagent
and stored at ¡80 °C until further processing. Tissues for immunohisto-
chemical analyses were placed in tissue cassettes with a nylon mesh and
Wxed, whereas the tissues for steroid analyses were Xash-frozen in liquid
nitrogen and stored at ¡80 °C until further processing.

2.3. RNA puriWcation and cDNA synthesis

Total RNA was puriWed from tissues homogenized in Trizol reagent
according to established procedures (Chirgwin et al., 1979; Chomczynski
and Sacchi, 1987), and RNA concentrations were determined using a
NanoDrop® ND-1000 UV–visible Spectrophotometer (NanoDrop Tech-
nologies, Wilmington, DE, USA). Total cDNA for the real-time polymer-
ase chain reaction (PCR) were generated from 1 �g total RNA in all
samples using poly-T primers from iScript cDNA synthesis kit as
described by the manufacturer (Bio-Rad).

2.4. StAR and P450scc antibody production and puriWcation

Polyclonal antibodies for the StAR protein and P450scc were pro-
duced by immunization of rabbits with synthetic peptides for both pro-
teins (Eurogentec, Searing, Belgium). The peptide sequences were; (StAR)
H2N–MPE QRG VVR AEN GPT C–CONH2 and (P450scc) H2N–CLL
KNG EDW RSN RVI L–CONH2 with respective molecular weights of
1743.97 and 1916.2 (kilodalton, kDa), and respective isoelectric point (pI)
of 6.45 and 9.45. Rabbits were immunized once a week with the synthetic
peptides and were bled after the fourth boost. The resulting sera were puri-
Wed using Hitrap rProtein A aYnity column (Amersham, Uppsala, Swe-
den). BrieXy, serum was diluted 1:4 in binding buVer (20 mM sodium
phosphate, pH 7.0) after Wltration through a 0.45 �m Wlter. The column
was washed with 5£ column volume of 20% ethanol and binding buVer.
Thereafter, the diluted serum was applied with a Xow rate of 1 ml/min. The
column was then washed with 5£ column volume of binding buVer, and
the puriWed antibody was eluted with 0.1 M sodium citrate buVer (pH 3.5)
into tubes containing 80 �l of 1 M Tris–HCl (pH 9.0). Protein concentra-
tions were determined using a NanoDrop® ND-1000 UV–visible Spectro-
photometer (NanoDrop Technologies, Wilmington, DE, USA).

2.5. Primer optimization, cloning and sequencing

PCR primers for ampliWcation of 150–246 bp gene-speciWc PCR-prod-
ucts were designed from conserved regions of the studied genes. The
primer sequences, their amplicon size and the optimal annealing tempera-
tures are shown in Table 1. Prior to PCRs, all primer pairs were used in
titration reactions in order to determine optimal primer pair concentra-
tions and their optimal annealing temperatures. All chosen primer pair
concentrations used at the selected annealing temperatures gave a single
band pattern for the expected amplicon size in all reactions. PCR products
from the genes to be investigated were cloned into pCRII vector in INVF’
Escherichia coli (Invitrogen). Each plasmid was sequenced using ABI-
prism 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA)
at the Department of Biology, NTNU, Norway. Sequences were conWrmed
using NCBI nucleotide BLAST software (http://www.ncbi.nlm.nih.gov/
BLAST).

2.6. Quantitative (real-time) PCR

Quantitative (real-time) PCR was used for evaluating gene expression
proWles. For each treatment, the expression of individual gene targets was
analyzed using the Mx3000P real-time PCR system (Stratagene, La Jolla,
CA). The following concentrations of forward and reverse primers were
used for each 25-�l real-time PCR: StAR, P450scc and cyclin-B at 600 nM
each. Each 25-�l DNA ampliWcation reaction contained 12.5 �l 2£ SYBR
Green mix (Stratagene), 0.75 �l of 1 mM ROX (reference dye), and 1 �l
cDNA. The real-time PCR program included an enzyme activation step at
95 °C (10 min) and 40 cycles of 95 °C (30 s), 52 °C (StAR), 55 °C (P450scc),
58 °C (cyclin-B) (1 min) and 72 °C (30 s). Controls lacking cDNA template
or Taq DNA polymerase were included to determine the speciWcity of tar-
get cDNA ampliWcation. Cycle threshold (Ct) values obtained were con-
verted into copy number using standard plots of Ct versus log copy
number. Standard plots for each target sequence were generated using
known amounts of plasmid containing the amplicon of interest. Triplicate
data obtained for target cDNA ampliWcation were averaged, normalized
to gene copies and expressed as percent of control.

2.7. Histology and immunohistochemistry

Cultured previtellogenic gonadal tissues were Wxed in 4% para-formal-
dehyde in 0.1 mM sodium phosphate buVer (pH 7.4) for 24 h. After Wxa-
tion, the tissues were washed twice in 70% ethanol, dehydrated in a graded
series of ethanol baths using an automatic tissue processor (Leica Micro-
systems, Nussloch, Germany), cleared in Tissue-Clear®, embedded in par-
aYn blocks and sectioned at 5 �m. Immunohistochemical analysis was
Table 1
Primer pair sequences, amplicon size and annealing temperature conditions for genes of interest used for real-time RT-PCR

a Sequences are given in the 5�-3�order.

Target gene Primer sequencea Amplicon size (nucleotides) Annealing temperature (°C)

Forward Reverse

StAR CAACGTCAAGCAGGTCAAGA ATAGTGTTGAAGCCCGATGC 246 52
P450scc GATGCAGCTCTTCCTCATCC AGACGCCCATCATATTGACC 170 55
Cyclin-B CGGGAGATGGAGATGACTGT CTGCATGGTGGACTACGAGA 150 58

http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
http://www.ncbi.nlm.nih.gov/BLAST
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preformed using SuperPicTure™ polymer detection kit (Zymed, Cat. No.
87-9263) according to manufacturer’s protocol. In brief, sections were
deparaYnized, rehydrated in graded series of ethanol and incubated for
1 h with rabbit polyclonal antibody against the StAR protein and P450scc
diluted 1:200. After subsequent washing in PBS, sections were incubated
with a HRP polymer-conjugated anti-rabbit secondary antibody for
10 min. Colour visualizations were performed by incubation with DAB
chromogen for 5 min, and hematoxylin was used as a counterstain. Con-
trol stains were performed by omission of the primary antibody. Sections
were mounted using Tissue-Mount, and relative intensity and localization
of the StAR protein and P450scc staining were evaluated using light
microscopy.

2.8. Steroid hormone analysis

Estradiol-17� and 11-ketotestosterone concentrations were measured
in cultured gonad tissue using enzyme immunoassay (EIA) kits from Cay-
man Chemical Company (Ann Arbor, MI, USA). Tissues cultured for 7
and 14 days were used for steroid hormone determinations. Tissues stored
at ¡80 °C were thawed on ice, homogenized in 1:4 volume of 0.1 M Na
phosphate buVer and centrifuged at 10,000g for 15 min. The supernatants
were puriWed by extraction using organic solvent to prevent the interfer-
ence of lipids and proteins in the analysis. BrieXy, the supernatant was
mixed with 5 ml diethyl ether using a vortex mixer. After phase separation,
the aqueous portion was frozen in an ethanol/dry ice bath. The lipophilic
phase was decanted into a clean tube, and the ether phase was evaporated
using a vacuum centrifuge. The dry extract was reconstituted in 300 �l EIA
buVer by vortexing. Enzyme immunoassays were run as recommended by
Cayman with a development time of 75 min. Data were quantiWed against
a standard curve that was linearized using a logit transformation of B/B0
(bound sample/maximum bound).
2.9. Statistical analyses

Statistical analysis was performed with GraphPad Prism, version 2.1
(GraphPad Software Inc., 1996). SigniWcant diVerences between control
and exposure groups were performed using one-way ANOVA. Statistical
diVerences between exposure groups were analyzed using the Tukey’s
Multiple Comparison Test. The level of signiWcance was set at p D 0.05
unless otherwise stated.

3. Results

3.1. Modulation of StAR protein and P450scc expressions

The expression of the StAR protein in cod previtellogenic
oocyte was modulated after exposure to diVerent concentra-
tions of nonylphenol in a time-speciWc manner (Fig. 1). At
day 7 post-exposure, nonylphenol produced an apparent
time-dependent increase (albeit not signiWcant; Fig. 1A). On
the contrary, the StAR protein showed a 2- and 4-fold
increase after exposure to 1 and 10�M of nonylphenol and
thereafter, a 2-fold reduction was observed at 50 and 100�M
at day 14 compared to control (Fig. 1B). A similar pattern of
expression was observed at day 21 after exposure, where
nonylphenol produced a 4-fold increase at 1�M, and thereaf-
ter a concentration-speciWc reduction of the StAR protein
(Fig. 1C). No diVerences between exposure groups were
observed at day 4 post-exposure (data not shown).
Fig. 1. Expression of the StAR protein mRNA levels in cultured previtellogenic oocytes of Atlantic cod exposed to diVerent concentrations of nonylphenol
(0 (control), 1, 10, 50 and 100 �M) and sampled at day 7 (A), 14 (B) and 21 (C) after exposure. Messenger RNA (mRNA) levels were quantiWed using real-
time PCR with speciWc primer pairs. Data are given as mean expressed as percentage (%) of control (n D 3) § standard error of the mean (SEM). DiVerent
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The expression of P450scc in cod previtellogenic oocyte
was modulated after exposure to diVerent concentrations of
nonylphenol in a time-speciWc manner (Fig. 2). At day 7
post-exposure (Fig. 2A), a time-dependent increase was
observed after exposure to 10 �M of nonylphenol, and
thereafter nonylphenol exposure caused a concentration-
speciWc non-signiWcant reduction of P450scc. However,
P450scc mRNA levels showed a 1- and 3-fold increase after
exposure to 1 and 10 �M of nonylphenol and thereafter, a
1-fold reduction was observed at 50 and 100 �M at day 14
compared to control (Fig. 2B). A similar pattern of expres-
sion was observed at day 21 after exposure, where nonyl-
phenol produced an increase at 1 �M, and thereafter a
concentration-speciWc reduction of P450scc (albeit not sig-
niWcant; Fig. 2C). No diVerences between exposure groups
were observed at day 4 post-exposure (data not shown).

3.2. Modulation of cyclin-B expressions

The expression of cyclin-B in cod previtellogenic oocyte
was modulated after exposure to diVerent concentrations of
nonylphenol in a time-speciWc manner (Fig. 3). At day 7
post-exposure, nonylphenol produced a minor, but non-sig-
niWcant concentration-speciWc increase of cyclin-B
(Fig. 3A). In contrast, cyclin-B showed a 4-fold increase
after exposure to 10 �M of nonylphenol and thereafter, an
almost total inhibition of cyclin-B transcription was
observed at 50 and 100 �M at day 14, compared to control
(Fig. 3B). A similar pattern of expression was observed at
day 21, where nonylphenol produced an increase at 1 �M,
and thereafter a concentration-speciWc reduction of cyclin-
B was observed at 50 and 100 �M (albeit not signiWcant;
Fig. 3C). No diVerences between exposure groups were
observed at day 4 post-exposure (data not shown).

3.3. Immunohistochemical analysis of the StAR protein and 
P450scc

The cellular localization of the StAR protein and
P450scc in cultured previtellogenic oocytes of cod exposed
to diVerent concentrations of nonylphenol and sampled at
day 14 after exposure is shown in Fig. 4 (StAR) and 5
(P450scc). Using rabbit polyclonal antibodies prepared
against synthetic peptide sequences, the cellular localization
of StAR and P450scc were mainly observed in follicular
cells of oocyte membranes in both control and exposed tis-
sues (Figs. 4 and 5). The relative intensity of both proteins
was generally very low and did not show signiWcant diVer-
ences between control and nonylphenol exposed groups. In
addition, no signiWcant diVerences in staining intensity
Fig. 2. Expression of P450scc mRNA levels in cultured previtellogenic oocytes of Atlantic cod exposed to diVerent concentrations of nonylphenol (0 (con-
trol), 1, 10, 50 and 100 �M) and sampled at day 7 (A), 14 (B) and 21 (C) after exposure. Messenger RNA (mRNA) levels were quantiWed using real-time
PCR with speciWc primer pairs. Data are given as mean expressed as percentage (%) of control (n D 3) § standard error of the mean (SEM). DiVerent let-
ters denote exposure groups that are signiWcantly diVerent (p < 0.05), analyzed using ANOVA followed by Tukey’s multiple comparison test.
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between day 7 and 14 were observed (data not shown).
Evaluation of oocyte morphology and size revealed that
previtellogenic oocytes had a diameter of approximately
300 �m. However, the mean size of the previtellogenic
oocytes did not show signiWcant diVerences after nonylphe-
nol exposure.

3.4. Modulation of estradiol-17� and 11-ketotestosterone 
levels

Estradiol-17� (E2) and 11-ketotestosterone (11-KT)
concentrations were measured in gonad tissue culture
exposed to diVerent concentrations of nonylphenol for 7
and 14 days. E2 levels after 7 and 14 days exposure to
nonylphenol concentrations is shown in Fig. 6A and B,
respectively. At day 7 post-exposure, E2 showed a 1-fold
induction in the group exposed to 1 �M nonylphenol, com-
pared to solvent control group (Fig. 6A). Thereafter, appar-
ent concentration-speciWc reductions of E2 levels were
observed (Fig. 6A). At day 14 post-exposure, a 1-fold
reduction in E2 level was observed in the groups exposed to
50 and 100 �M compared to the solvent control group
(Fig. 6B). 11-KT levels in cod previtellogenic oocytes
exposed to nonyphenol for 7 and 14 days are shown in
Fig. 6C and D, respectively. At day 7 post-exposure, 11-KT
showed a 0.6-fold increase in the group exposed to 100 �M
nonylphenol, compared to solvent control group (Fig. 6C).
In contrast, exposures to 1, 10 and 50 �M produced respec-
tive 1-fold reduction of 11-KT levels (Fig. 6C). At day 14
post-exposure, a 2.5-fold increase in 11-KT level was
observed in the group exposed to 10 �M nonylphenol
(Fig. 6D). In the groups exposed to 50 and 100 �M, respec-
tive 0.7- and 0.4-fold reductions in 11-KT levels were
observed (Fig. 6D).

4. Discussion

Despite popular demand from regulatory agencies, bio-
assays for evaluating the eVect of endocrine disruptors have
the potential to overlook chemicals that can modulate
estrogenic responses through mechanisms that does not
involve direct binding to the estrogen receptors (ERs). In
addition to their eVect as direct agonist to the ERs, the
eVects of xenoestrogens, such as nonylphenol, are some-
times interpreted as interference with steroidogenesis and
with the steroidal regulation of the normal development
and function of the male and female reproductive tracts
(Colborn et al., 1993; Danzo, 1997). One potentially impor-
tant mechanism is the impairment of steroidogenic enzyme
activity and/or protein expressions. Recently, we showed
that nonylphenol produced estrogenic eVects via transcrip-
tional modulation of the StAR protein and P450scc expres-
Fig. 3. Expression of cyclin-B mRNA levels in cultured previtellogenic oocytes of Atlantic cod exposed to diVerent concentrations of nonylphenol (0 (con-
trol), 1, 10, 50 and 100 �M) and sampled at day 7 (A), 14 (B) and 21 (C) after exposure. Messenger RNA (mRNA) levels were quantiWed using real-time
PCR with speciWc primer pairs. Data are given as mean expressed as percentage (%) of control (n D 3) § standard error of the mean (SEM). DiVerent let-
ters denote exposure groups that are signiWcantly diVerent (p < 0.05), analyzed using ANOVA followed by Tukey’s multiple comparison test.
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sions in Atlantic salmon (Salmo salar) brain (Arukwe,
2005). Because estrogens play signiWcant roles in sex deter-
mination and diVerentiation, the enzymes and proteins
involved in steroid hormone synthesis are of critical endo-
crine signiWcance. Furthermore, the Atlantic cod is not a
well-studied species neither from an endocrinological or
toxicological standpoint. Indeed, this species is of enor-
mous economic importance both in Norway and interna-
tionally. Therefore, the present study was performed in
order to develop an oocyte culture system and determine
Fig. 4. Cellular localization of the StAR protein in cultured previtellogenic oocytes of Atlantic cod exposed to diVerent concentrations of nonylphenol (A,
control; B, 1 �M; C, 10 �M; D, 50 �M; E, 100 �M) and sampled at day 14 after exposure. The Wgures are representative histological section, as there were
not signiWcant diVerences between the exposure groups. Arrows indicate follicle cells with positive StAR staining. Bar equals 100 �m.
Fig. 5. Cellular localization of P450scc in cultured previtellogenic oocytes of Atlantic cod exposed to diVerent concentrations of nonylphenol (A, control;
B, 1 �M; C, 10 �M; D, 50 �M; E, 100 �M) and sampled at day 14 after exposure. The Wgures are representative histological section, as there were not sig-
niWcant diVerences between the exposure groups. Arrows indicate follicle cells with positive P450scc staining. Bar equals 100 �m.
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the eVects of nonylphenol on the expression patterns of
protein (StAR) and enzyme (P450scc) responsible for the
rate-limiting step in steroidogenesis in ovary tissue from
previtellogenic Atlantic cod. In addition, the eVects of
nonylphenol on cyclin-B were studied. We show that nonyl-
phenol modulates the StAR protein, P450scc and cyclin-B
gene expressions and that these eVects were dependent on
time and nonylphenol concentration. Interestingly, the
nonylphenol-induced decreases of the StAR protein and
P450scc were consistent with decreased levels of both
oocyte E2 and 11-KT levels, showing a direct relationship
with 11-KT levels. Thus, the present study reveals some
novel aspects of nonylphenol eVects on maturation and
oocyte growth in teleosts. The impaired steroidogenesis and
hormonal imbalance reported in the present study may
have potential consequences for the vitellogenic process
and overt fecundity in teleost.

4.1. EVects on the StAR protein and P450scc gene expression 
and steroid hormone levels

The present study shows that both the StAR protein and
P450scc were modulated by nonylphenol concentrations in
a time-speciWc manner. Although the expression of the
StAR protein and P450scc were aVected at all exposure
times, day 14 post-exposure produced a unique pattern of
eVect. At this exposure time, cultured cod previtellogenic
oocytes showed concentration-speciWc increases at lower
concentrations (1 and 10 �M) and decreases at higher con-
centrations (50 and 100 �M). This unique pattern of nonyl-
phenol modulation of the StAR protein and P450scc genes
suggests a negative feedback control mechanism for oocyte
regulation of steroidogenesis. It should be noted that the
nonylphenol mediated modulation of the StAR protein and
P450scc transcriptional changes at day 14 post-exposure
showed a perfect correlation with changes in 11-KT levels
at the same time interval and concentrations. Regardless of
organ or tissue, the delivery of cholesterol from the outer
mitochondrial membrane by the StAR protein to the inner
mitochondrial membrane, where P450scc resides, is the ulti-
mate rate-limiting step in steroid hormone biosynthetic
process. This process may potentially aVect testicular, ovar-
ian and adrenocortical functions (Stocco, 2000, 2001b).
Therefore, the perfect correlation between the StAR pro-
tein and 11-KT is in accordance with the understanding
that the StAR protein plays a critical role in the regulation
of hormonally induced acute steroid production by stimu-
lating cholesterol transfer through hydrophobic tunnel
structures formed within its molecule (Stocco, 2000, 2001b).
Furthermore, these Wndings represent a novel aspect of
nonylphenol as an endocrine disrupting chemical.

In this study, steroid hormone (E2 and 11-KT) levels
were also evaluated in cod previtellogenic oocytes exposed
to diVerent concentration of nonylphenol. Our data show
Fig. 6. Estradiol-17� levels (E2) at days 7 and 14 (A and B, respectively) and 11-ketotestosterone (11-KT) levels at days 7 and 14 (C and D, respectively) in
cultured previtellogenic oocytes of Atlantic cod exposed to diVerent concentrations of nonylphenol. Steroid hormone levels were determined using enzyme
immunoassay method. Data are given as mean value and expressed as pg/ml of n D 3 § standard error of the mean (SEM). DiVerent letters denote expo-
sure groups that are signiWcantly diVerent (p < 0.05), analyzed using ANOVA followed by Tukey’s multiple comparison test.
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that exposure to nonylphenol had severe eVects on the lev-
els of these naturally occurring steroid hormones in cul-
tured cod previtellogenic oocytes. The most striking
observation was the reduced levels of both E2 and 11-KT in
oocyte cultures exposed to 50 and 100 �M nonylphenol at
day 14 post-exposure. This suggests that nonylphenol mod-
ulates steroidogenesis by targeting the StAR protein. These
Wndings are in compliance with previous in vivo studies,
where a decrease in plasma E2 levels were observed after
exposure to nonylphenol in several Wsh species, including
cod (Arukwe et al., 1997a; Harris et al., 2001; Meier et al.,
2002). It has been shown that plasma E2 levels are signiW-
cantly elevated in relation to gonadal development and
time of reproduction in female cod (Comeau et al., 2001;
Dahle et al., 2003). Thus, our data are in accordance with
the observations on the transcriptomic level, suggesting
that nonylphenol may postpone the developmental process
of previtellogenic oocytes. 11-KT is considered the main
androgen in teleosts (Borg, 1994) and the eVects of xenoes-
trogens on 11-KT is not well studied, at least not in cod.
Androgens may increase oocyte diameter and modify
growth factor receptors (Vendola et al., 1999; Rohr et al.,
2001), but the underlying molecular mechanism(s) involved
in possible gene regulation in the growth of previtellogenic
oocytes has not been investigated and will be discussed
below.

From an endocrinological and reproductive physiologi-
cal standpoint, the direct correlation between the StAR
protein, P450scc, and 11-KT represent a novel aspect on the
role of androgens on the growth of previtellogenic oocytes.
Recently, we have observed that aromatizable (testoster-
one) and non-aromatizable (11-KT and methyltestoster-
one) androgens cause diVerential gene expression patterns,
whose functional products modulate previtellogenic oocyte
growth in cod (Kortner and Arukwe, in preparation). The
role of androgens in previtellogenic oocyte is supported by
the observation that the early ovarian growth of species-
speciWc critical stage progressed in hypophysectomized
freshwater turtle, Chrysemys picta, indicating that gonado-
tropins (GtHs) were not necessary (Ho et al., 1982). Fur-
thermore, Bieniarz and Kime (1986) were unable to
demonstrate speciWc binding of radio labeled GtH (125I-
GtH) to previtellogenic common carp (Cyprinus carpio)
ovaries. Elsewhere, Rohr and coworkers (2001) demon-
strated that 11-KT (the active male-speciWc androgen in tel-
eosts) induces an increase in the diameter and development
of previtellogenic eel (Anguilla australis) oocytes. In mam-
mals, androgens also modify the intra-ovarian gene expres-
sion in the rhesus monkey, as demonstrated by increased
mRNA abundance of insulin-like growth factor-1 (IGF-1)
and IGF-1-receptor (Vendola et al., 1999) in follicles up to
early antral stage. Based on the above named studies,
androgens appear to play a pivotal role in stimulating the
growth of small ovarian follicles in vertebrates, at least in
mammals and Wsh. Given that this happens despite the
diversity in follicular development in these two species, the
Wndings in the present study suggest a generalized eVect of
nonylphenol in vertebrates, at least with the methods
applied in our study. For example, addition to the pool of
developing oocytes through oogonial proliferation in Wsh is
a lifetime continuous process (Tyler and Sumpter, 1996),
whereas oocyte numbers in mammals are Wxed at birth.
Therefore, the eVects of nonylphenol on early follicular
growth in Wsh will provide an understanding on the role of
xenoandrogens in the control of fecundity through modiW-
cation of gene expression patterns. It may also be used in
the evaluation of evolutionary conservation of the control
mechanisms for early follicular growth in vertebrates.

Furthermore, the expression patterns in the StAR pro-
tein and P450scc are closely related. Exposure of previtello-
genic oocyte tissue to the highest concentrations of
nonylphenol (50 and 100 �M) produced an almost total
transcriptional inhibition of the genes. Previously, it has
been reported that the pesticides lindane and dimethoate
can inhibit steroidogenesis by reducing the StAR protein
expression (Walsh et al., 2000b). These observations suggest
that other environmental estrogens may also inhibit steroi-
dogenesis by targeting the StAR protein expression and/or
other steroidogenic proteins or enzymes (Walsh et al.,
2000b). Recently, we reported the modulations of brain ste-
roidogenesis after exposure to nonylphenol and ethynylest-
radiol (EE2), where alterations of both StAR and P450scc
mRNA levels were observed (Arukwe, 2005; Lyssimachou
and Arukwe, 2006). Taken together, these observations
strongly indicate that the StAR protein and P450scc may
be important targets for environmental pollutants that dis-
rupt steroidogenesis. However, not much is known con-
cerning xenoestrogen-induced eVects on steroidogenesis on
the whole organism level and this should be studied in more
detail. In this regard, the identiWcation and full-length gene
cloning of the StAR protein in Atlantic cod (Goetz et al.,
2004) represents a promising sign in the understanding of
xenoestrogen-induced toxicity of steroidogenesis in this
important species.

4.2. EVects on cyclin-B gene expression

Another interesting Wnding in the present study is the
consistency of nonylphenol mediated eVects on steroido-
genic genes and cyclin-B. Oocyte maturation is a complex
process Wnally triggered by the maturation-promoting fac-
tor (MPF), in which cyclin-B functions as a regulatory sub-
unit (Kondo et al., 1997). The expression of MPF is thought
to be a response to stimulation on the oocyte surface by the
maturation-inducing hormone (MIH). Previous reports has
demonstrated that MIH stimulates the translation of
cyclin-B mRNA stored in immature oocytes (Hirai et al.,
1992). Furthermore, it is thought that cyclin-B accumula-
tion in oocytes controls the timing of early embryonic cell
cycle (Aegerter et al., 2004). It has been shown that natural
occurring steroids as well as endocrine-disrupting chemi-
cals (EDCs) are able to aVect cyclin-B synthesis (Kudo
et al., 2004; Tokumoto et al., 2004, 2005). Thus, gene
expression of cyclin-B may be used as a sensitive marker of
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oocyte developmental competence. The present study
demonstrates that previtellogenic cod ovaries expressed
cyclin-B, and that the expression is modulated by the xeno-
estrogen, nonylphenol in a time- and concentration-speciWc
manner. Interestingly, the expression pattern follows the
expression patterns observed for the StAR protein and
P450scc. The only two compounds identiWed as naturally
occurring MIH in Wsh are C21 steroids, 17�, 20�-dihy-
droxy-4-pregnen-3-one and 17�, 20 �, 21-trihydroxy-4-
pregnen-3-one (Nagahama and Adachi, 1985; Patino and
Thomas, 1990). With this in mind, one might speculate that
the decreased expressions of the StAR protein and P450scc
will lead to decreased levels of functional MIH in the cod
ovary, and that this eventually will result in decreased levels
of cyclin-B. Thus, nonylphenol may exhibit a potent cyto-
toxicity eVect through cell degradation and/or delay in the
maturation process. Nevertheless, these assumptions need
to be further investigated in a diVerent designed study.

5. Conclusions

The present study shows that in vitro exposure of previ-
tellogenic cod ovaries to nonylphenol modulates the
expression of the main steroidogenic protein (StAR) and
enzyme (P450scc) in the rate-limiting step in acute steroid
production, as well as the gene expression of cyclin-B. A
unique pattern of expression was observed at day 14 post-
exposure, where concentration-speciWc eVects were
observed. Interesting, the expression patterns for the StAR
protein and P450scc showed a direct relationship with 11-
KT levels. These results reveal some novel aspects of NP
eVects on maturation and oocyte growth in teleosts, sug-
gesting impaired steroidogenesis and hormonal imbalance
with potential consequences for the vitellogenic process.
The Atlantic cod is a popular species with large economic
value and therefore the aquaculture potential on a global
basis is therefore regarded as extremely high. In addition,
cod is also the main marine Wsh species in Norway for
coastal water pollution monitoring (Goksøyr et al., 1994;
Martin-Skilton et al., 2006; Sturve et al., 2006). The
National Joint Assessment and Monitoring Programme
(JAMP, OSPAR) have used this species in fjord monitoring
since the beginning of the 1980s (Tromp and Wieriks,
1994). Norwegian oVshore oil industry have recently
adopted the Atlantic cod as a promising organism to be
used in biomonitoring studies, particularly in relation to
produced water discharges. Some studies indicate that alkyl
phenols released from oVshore platforms along with pro-
duction water are capable of disturbing the hormonal bal-
ance and reproductive capacity of cod (Meier et al., 2002).
These studies suggest that increased petroleum release in
natural habitat of cod may cause a threat to the species.

Acknowledgments

This study was Wnanced by the Norwegian Research
Council (NFR) contract number 165073/V40. We thank
Anne Skjetne Mortensen for technical assistance during
sampling and analysis.

References

Aegerter, S., Jalabert, B., Bobe, J., 2004. Messenger RNA stockpile of
cyclin B, insulin-like growth factor I, insulin-like growth factor II, insu-
lin-like growth factor receptor Ib, and p53 in the rainbow trout oocyte
in relation with developmental competence. Mol. Reprod. Dev. 67,
127–135.

Arukwe, A., 2005. Modulation of brain steroidogenesis by aVecting tran-
scriptional changes of steroidogenic acute regulatory (StAR) protein
and cholesterol side chain cleavage (P450scc) in juvenile Atlantic
salmon (Salmo salar) is a novel aspect of nonylphenol toxicity. Envi-
ron. Sci. Technol. 39, 9791–9798.

Arukwe, A., Celius, T., Walther, B.T., Goksoyr, A., 2000. EVects of xenoes-
trogen treatment on zona radiata protein and vitellogenin expression
in Atlantic salmon (Salmo salar). Aquatic Toxicol. 49, 159–170.

Arukwe, A., Förlin, L., Goksoyr, A., 1997a. Xenobiotic and steroid bio-
transformation enzymes in Atlantic Salmon (Samlo Salar) liver treated
with an estrogenic compound, 4-nonylphenol. Environ. Toxicol. Chem.
16, 2576–2583.

Arukwe, A., Knudsen, F.R., Goksoyr, A., 1997b. Fish zona radiata (egg-
shell) protein: a sensitive biomarker for environmental estrogens. Envi-
ron. Health Perspect. 105, 418–422.

Assikis, V.J., Buzdar, A., 2002. Recent advances in aromatase inhibitor
therapy for breast cancer. Semin. Oncol. 29, 120–128.

Assikis, V.J., Simons, J.W., 2004. Novel therapeutic strategies for andro-
gen-independent prostate cancer: an update. Semin. Oncol. 31, 26–32.

Bieniarz, K., Kime, D.E., 1986. Autoradiographic localization of gonado-
trophin receptors in ovaries of the common carp, Cyprinus carpio L.
Gen. Comp. Endocrinol. 64, 151–156.

Borg, B., 1994. Androgens in teleosts Wshes. Comp. Biochem. Physiol. C:
Toxicol. Pharmacol. 109, 219–245.

Bukovsky, A., Svetlikova, M., Caudle, M.R., 2005. Oogenesis in cultures
derived from adult human ovaries. Reprod. Biol. Endocrinol. 3, 17.

Chirgwin, J.M., Przybyla, A.E., MacDonald, R.J., Rutter, W.J., 1979. Isola-
tion of biologically active ribonucleic acid from sources enriched in
ribonuclease. Biochemistry 18, 5294–5299.

Chomczynski, P., Sacchi, N., 1987. Single-step method of RNA isolation
by acid guanidinium thiocyanate-phenol-chloroform extraction. Anal.
Biochem. 162, 156–159.

Colborn, T., Clement, C. (Eds.), 1992. Chemically-induced alterations in
sexual and functional development: the wildlife/human connection.
Advances in Modern Environmental Toxicology.

Colborn, T., vom Saal, F.S., Soto, A.M., 1993. Developmental eVects of
endocrine-disrupting chemicals in wildlife and humans. Environ.
Health Perspect. 101, 378–384.

Cole, H.A., 1979. Pollution of the sea and its eVects. Proc. R. Soc. Lond. B
Biol. Sci. 205, 17–30.

Comeau, L.A., Campana, S.E., Chouinard, G.A., Hanson, J.M., 2001. Tim-
ing of Atlantic cod Gadus morhua seasonal migrations in relation to
serum levels of gonadal and thyroidal hormones. Mar. Ecol. Prog. Ser.
221, 245–253.

Dahle, R., Taranger, G.L., Karlsen, O., Kjesbu, O.S., Norberg, B., 2003.
Gonadal development and associated changes in liver size and sexual
steroids during the reproductive cycle of captive male and female
Atlantic cod (Gadus morhua L.). Comp. Biochem. Physiol. A. Mol.
Integr. Physiol. 136, 641–653.

Danzo, B.J., 1997. Environmental xenobiotics may disrupt normal endo-
crine function by interfering with the binding of physiological ligands
to steroid receptors and binding proteins. Environ. Health Perspect.
105, 294–301.

Dean, D.M., Sanders, M.M., 1996. Ten years after: reclassiWcation of ste-
roid-responsive genes. Mol. Endocrinol. 10, 1489–1495.

Folmar, L.C., Hemmer, M.J., Denslow, N.D., Kroll, K., Chen, J., Cheek, A.,
Richman, H., Meredith, H., Grau, E.G., 2002. A comparison of the



T.M. Kortner, A. Arukwe / General and Comparative Endocrinology 150 (2007) 419–429 429
estrogenic potencies of estradiol, ethynylestradiol, diethylstilbestrol,
nonylphenol and methoxychlor in vivo and in vitro. Aquat. Toxicol.
60, 101–110.

Gale, W.L., Patino, R., Maule, A.G., 2004. Interaction of xenobiotics with
estrogen receptors alpha and beta and a putative plasma sex hormone-
binding globulin from channel catWsh (Ictalurus punctatus). Gen.
Comp. Endocrinol. 136, 338–345.

Goetz, F.W., Norberg, B., McCauley, L.A., Iliev, D.B., 2004. Characteriza-
tion of the cod (Gadus morhua) steroidogenic acute regulatory protein
(StAR) sheds light on StAR gene structure in Wsh. Comp. Biochem.
Physiol. B. Biochem. Mol. Biol. 137, 351–362.

Goksøyr, A., Beyer, J., Husøy, A.M., Larsen, H.E., Westrheim, K., Wilhelm-
sen, S., Klungsøyr, J., 1994. Accumulation and eVects of aromatic and
clorinated hydrocarbons in juvenile Atlantic cod (Gadus morhua) caged
in a polluted fjord (Sørfjorden, Norway). Aquat. Toxicol. 29, 21–35.

Harris, C.A., Santos, E.M., Janbakhsh, A., Pottinger, T.G., Tyler, C.R.,
Sumpter, J.P., 2001. Nonylphenol aVects gonadotropin levels in the
pituitary gland and plasma of female rainbow trout. Environ. Sci.
Technol. 35, 2909–2916.

Hayes, T., Haston, K., Tsui, M., Hoang, A., HaeVele, C., Vonk, A., 2002.
Herbicides: feminization of male frogs in the wild. Nature 419, 895–
896.

Hegelund, T., Ottosson, K., Radinger, M., Tomberg, P., Celander, M.C.,
2004. EVects of the antifungal imidazole ketoconazole on CYP1A and
CYP3A in rainbow trout and killiWsh. Environ. Toxicol. Chem. 23,
1326–1334.

Hirai, T., Yamashita, M., Yoshikuni, M., Lou, Y.H., Nagahama, Y., 1992.
Cyclin B in Wsh oocytes: its cDNA and amino acid sequences, appear-
ance during maturation, and induction of p34cdc2 activation. Mol.
Reprod. Dev. 33, 131–140.

Ho, S.M., Taylor, S., Callard, I.P., 1982. EVect of hypophysectomy and
growth hormone on estrogen-induced vitellogenesis in the freshwater
turtle, Chrysemys picta. Gen. Comp. Endocrinol. 48, 254–260.

Hsueh, A.J., McGee, E.A., Hayashi, M., Hsu, S.Y., 2000. Hormonal regula-
tion of early follicle development in the rat ovary. Mol. Cell Endocri-
nol. 163, 95–100.

Jalabert, B., Baroiller, J., Breton, B., Fostier, A., Le Gac, F., Guiguen, Y.,
Monod, G., 2000. Main neuro-endocrine, endocrine and paracrine reg-
ulations of Wsh reproduction, and vulnerability to xenobiotics. Eco-
toxicology 9, 25–40.

Johnson, J., Canning, J., Kaneko, T., Pru, J.K., Tilly, J.L., 2004. Germline
stem cells and follicular renewal in the postnatal mammalian ovary.
Nature 428, 145–150.

Khim, J.S., Lee, K.T., Kannan, K., Villeneuve, D.L., Giesy, J.P., Koh,
C.H., 2001. Trace organic contaminants in sediment and water from
Ulsan Bay and its vicinity, Korea. Arch. Environ. Contam. Toxicol.
40, 141–150.

Kondo, T., Yanagawa, T., Yoshida, N., Yamashita, M., 1997. Introduction
of cyclin B induces activation of the maturation-promoting factor and
breakdown of germinal vesicle in growing zebraWsh oocytes unrespon-
sive to the maturation-inducing hormone. Dev. Biol. 190, 142–152.

Kudo, C., Wada, K., Masuda, T., Yonemura, T., Shibuya, A., Fujimoto, Y.,
Nakajima, A., Niwa, H., Kamisaki, Y., 2004. Nonylphenol induces the
death of neural stem cells due to activation of the caspase cascade and
regulation of the cell cycle. J. Neurochem. 88, 1416–1423.

Lyssimachou, A., Arukwe, A., in press. Alteration of brain and interrenal
StAR protein, P450scc and CYP11� mRNA levels in Atlantic salmon
after nominal waterborne exposure to the synthetic pharmaceutical
estrogen, ethynylestradiol. J. Toxicol. Environ. Health.

Martin-Skilton, R., Thibaut, R., Porte, C., 2006. Endocrine alteration in
juvenile cod and turbot exposed to dispersed crude oil and alkylphe-
nols. Aquat. Toxicol. 78 (Suppl 1), S57–S64.
Meier, S., Andersen, T.E., Hasselberg, L., Kjesbu, O.S., Klungsøyr, J., Svar-
dal, A., 2002. Hormonal eVects of C4–C7 alkylphenols on cod (Gadus
Morhua), p. 70.

Miranda, C.L., Henderson, M.C., Buhler, D.R., 1998. Evaluation of chemi-
cals as inhibitors of trout cytochrome P450s. Toxicol. Appl. Pharma-
col. 148, 237–244.

Monod, G., Rime, H., Bobe, J., Jalabert, B., 2004. Agonistic eVect of imid-
azole and triazole fungicides on in vitro oocyte maturation in rainbow
trout (Oncorhynchus mykiss). Mar. Environ. Res. 58, 143–146.

Nader, M.R., Miura, T., Ando, N., Miura, C., Yamauchi, K., 1999. Recom-
binant human insulin-like growth factor I stimulates all stages of 11-
ketotestosterone-induced spermatogenesis in the Japanese eel,
Anguilla japonica, in vitro. Biol. Reprod. 61, 944–947.

Nagahama, Y., Adachi, S., 1985. IdentiWcation of maturation-inducing ste-
roid in a teleost, the amago salmon (Oncorhynchus rhodurus). Dev.
Biol. 109, 428–435.

Patino, R., Thomas, P., 1990. Gonadotropin stimulates 17 alpha,20
beta,21-trihydroxy-4-pregnen-3-one production from endogenous sub-
strates in Atlantic croaker ovarian follicles undergoing Wnal matura-
tion in vitro. Gen. Comp. Endocrinol. 78, 474–478.

Rohr, D.H., Lokman, P.M., Davie, P.S., Young, G., 2001. 11-Ketotestoster-
one induces silvering-related changes in immature female short-Wnned
eels, Anguilla australis. Comp. Biochem. Physiol. A. Mol. Integr. Phys-
iol. 130, 701–714.

Stocco, D.M., 1997. A StAR search: implications in controlling steroidgen-
esis. Biol. Reprod. 56, 328–336.

Stocco, D.M., 2000. The role of the StAR protein in steroidogenesis: chal-
lenges for the future. J. Endocrinol. 164, 247–253.

Stocco, D.M., 2001a. StAR protein and the regulation of steroid hormone
biosynthesis. Annu. Rev. Physiol. 63, 193–213.

Stocco, D.M., 2001b. Tracking the role of a star in the sky of the new mil-
lennium. Mol. Endocrinol. 15, 1245–1254.

Sturve, J., Hasselberg, L., Falth, H., Celander, M., Forlin, L., 2006. EVects
of North Sea oil and alkylphenols on biomarker responses in juvenile
Atlantic cod (Gadus morhua). Aquat. Toxicol. 78 (Suppl 1), S73–S78.

Tokumoto, T., Tokumoto, M., Horiguchi, R., Ishikawa, K., Nagahama, Y.,
2004. Diethylstilbestrol induces Wsh oocyte maturation. Proc. Natl.
Acad. Sci. USA 101, 3686–3690.

Tokumoto, T., Tokumoto, M., Nagahama, Y., 2005. Induction and inhibi-
tion of oocyte maturation by EDCs in zebraWsh. Reprod. Biol. Endo-
crinol. 3, 69.

Tromp, D., Wieriks, K., 1994. The OSPAR convention: 25 years of north
sea protection. Mar. Pollut. Bull. 29, 622–626.

Tyler, C.R., Sumpter, J.P., 1996. Oocyte growth and development in tele-
ost. Rev. Fish Biol. Fisheries 6, 287–318.

Vendola, K., Zhou, J., Wang, J., Famuyiwa, O.A., Bievre, M., Bondy, C.A.,
1999. Androgens promote oocyte insulin-like growth factor I expres-
sion and initiation of follicle development in the primate ovary. Biol.
Reprod. 61, 353–357.

Walsh, L.P., McCormick, C., Martin, C., Stocco, D.M., 2000a. Roundup
inhibits steroidogenesis by disrupting steroidogenic acute regulatory
(StAR) protein expression. Environ. Health Perspect. 108, 769–776.

Walsh, L.P., Webster, D.R., Stocco, D.M., 2000b. Dimethoate inhibits ste-
roidogenesis by disrupting transcription of the steroidogenic acute reg-
ulatory (StAR) gene. J. Endocrinol. 167, 253–263.

Weil, S., Vendola, K., Zhou, J., Bondy, C.A., 1999. Androgen and follicle-
stimulating hormone interactions in primate ovarian follicle develop-
ment. J. Clin. Endocrinol. Metab. 84, 2951–2956.

Weil, S.J., Vendola, K., Zhou, J., Adesanya, O.O., Wang, J., Okafor, J.,
Bondy, C.A., 1998. Androgen receptor gene expression in the primate
ovary: cellular localization, regulation, and functional correlations. J.
Clin. Endocrinol. Metab. 83, 2479–2485.



 



 



 



Doctoral theses in Biology 

Norwegian University of Science and Technology 

Department of Biology 
 
 Year Name Degree Title 

 1974 Tor-Henning Iversen Dr. philos 
Botany 

The roles of statholiths, auxin transport, and auxin 
metabolism in root gravitropism 

 1978 Tore Slagsvold Dr. philos. 
Zoology 

Breeding events of birds in relation to spring temperature 
and environmental phenology. 

 1978 Egil Sakshaug Dr.philos 
Botany 

"The influence of environmental factors on the chemical 
composition of cultivated and natural populations of 
marine phytoplankton" 

 1980 Arnfinn Langeland Dr. philos. 
Zoology 

Interaction between fish and zooplankton populations 
and their effects on the material utilization in a 
freshwater lake. 

 1980 Helge Reinertsen Dr. philos 
Botany 

The effect of lake fertilization on the dynamics and 
stability of a limnetic ecosystem with special reference to 
the phytoplankton 

 1982 Gunn Mari Olsen Dr. scient 
Botany 

Gravitropism in roots of Pisum sativum and Arabidopsis 
thaliana 

 1982 Dag Dolmen Dr. philos. 
Zoology 

Life aspects of two sympartic species of newts (Triturus, 
Amphibia) in Norway, with special emphasis on their 
ecological niche segregation. 

 1984 Eivin Røskaft Dr. philos. 
Zoology 

Sociobiological studies of the rook Corvus frugilegus. 

 1984 Anne Margrethe 
Cameron 

Dr. scient 
Botany 

Effects of alcohol inhalation on levels of circulating 
testosterone, follicle stimulating hormone and luteinzing 
hormone in male mature rats 

 1984 Asbjørn Magne Nilsen Dr. scient 
Botany 

Alveolar macrophages from expectorates – Biological 
monitoring of workers exosed to occupational air 
pollution. An evaluation of the AM-test 

 1985 Jarle Mork Dr. philos. 
Zoology 

Biochemical genetic studies in fish. 

 1985 John Solem Dr. philos. 
Zoology 

Taxonomy, distribution and ecology of caddisflies 
(Trichoptera) in the Dovrefjell mountains. 

 1985 Randi E. Reinertsen Dr. philos. 
Zoology 

Energy strategies in the cold: Metabolic and 
thermoregulatory adaptations in small northern birds. 

 1986 Bernt-Erik Sæther Dr. philos. 
Zoology 

Ecological and evolutionary basis for variation in 
reproductive traits of some vertebrates: A comparative 
approach. 

 1986 Torleif Holthe Dr. philos. 
Zoology 

Evolution, systematics, nomenclature, and zoogeography 
in the polychaete orders Oweniimorpha and 
Terebellomorpha, with special reference to the Arctic 
and Scandinavian fauna. 

 1987 Helene Lampe Dr. scient. 
Zoology 

The function of bird song in mate attraction and 
territorial defence, and the importance of song 
repertoires. 

 1987 Olav Hogstad Dr. philos. 
Zoology 

Winter survival strategies of the Willow tit Parus 
montanus. 

 1987 Jarle Inge Holten Dr. philos 
Botany 

Autecological investigations along a coust-inland 
transect at Nord-Møre, Central Norway 



 1987 Rita Kumar Dr. scient 
Botany 

Somaclonal variation in plants regenerated from cell 
cultures of Nicotiana sanderae and Chrysanthemum 
morifolium 

 1987 Bjørn Åge Tømmerås Dr. scient. 
Zoology 

Olfaction in bark beetle communities: Interspecific 
interactions in regulation of colonization density, 
predator - prey relationship and host attraction. 

 1988 Hans Christian 
Pedersen 

Dr. philos. 
Zoology 

Reproductive behaviour in willow ptarmigan with 
special emphasis on territoriality and parental care. 

 1988 Tor G. Heggberget Dr. philos. 
Zoology 

Reproduction in Atlantic Salmon (Salmo salar): Aspects 
of spawning, incubation, early life history and population 
structure. 

 1988 Marianne V. Nielsen Dr. scient. 
Zoology 

The effects of selected environmental factors on carbon 
allocation/growth of larval and juvenile mussels (Mytilus 
edulis). 

 1988 Ole Kristian Berg Dr. scient. 
Zoology 

The formation of landlocked Atlantic salmon (Salmo 
salar L.). 

 1989 John W. Jensen Dr. philos. 
Zoology 

Crustacean plankton and fish during the first decade of 
the manmade Nesjø reservoir, with special emphasis on 
the effects of gill nets and salmonid growth. 

 1989 Helga J. Vivås Dr. scient. 
Zoology 

Theoretical models of activity pattern and optimal 
foraging: Predictions for the Moose Alces alces. 

 1989 Reidar Andersen Dr. scient. 
Zoology 

Interactions between a generalist herbivore, the moose 
Alces alces, and its winter food resources: a study of 
behavioural variation. 

 1989 Kurt Ingar Draget Dr. scient 
Botany 

Alginate gel media for plant tissue culture, 
 

 1990 Bengt Finstad Dr. scient. 
Zoology 

Osmotic and ionic regulation in Atlantic salmon, 
rainbow trout and Arctic charr: Effect of temperature, 
salinity and season. 

 1990 Hege Johannesen Dr. scient. 
Zoology 

Respiration and temperature regulation in birds with 
special emphasis on the oxygen extraction by the lung. 

 1990 Åse Krøkje Dr. scient 
Botany 

The mutagenic load from air pollution at two work-
places with PAH-exposure measured with Ames 
Salmonella/microsome test 

 1990 Arne Johan Jensen Dr. philos. 
Zoology 

Effects of water temperature on early life history, 
juvenile growth and prespawning migrations of Atlantic 
salmion (Salmo salar) and brown trout (Salmo trutta): A 
summary of studies in Norwegian streams. 

 1990 Tor Jørgen Almaas Dr. scient. 
Zoology 

Pheromone reception in moths: Response characteristics 
of olfactory receptor neurons to intra- and interspecific 
chemical cues. 

 1990 Magne Husby Dr. scient. 
Zoology 

Breeding strategies in birds: Experiments with the 
Magpie Pica pica. 

 1991 Tor Kvam Dr. scient. 
Zoology 

Population biology of the European lynx (Lynx lynx) in 
Norway. 

 1991 Jan Henning L'Abêe 
Lund 

Dr. philos. 
Zoology 

Reproductive biology in freshwater fish, brown trout 
Salmo trutta and roach Rutilus rutilus in particular. 

 1991 Asbjørn Moen Dr. philos 
Botany 

The plant cover of the boreal uplands of Central Norway. 
I. Vegetation ecology of Sølendet nature reserve; 
haymaking fens and birch woodlands 

 1991 Else Marie Løbersli Dr. scient 
Botany 

Soil acidification and metal uptake in plants 

 1991 Trond Nordtug Dr. scient. 
Zoology 

Reflctometric studies of photomechanical adaptation in 
superposition eyes of arthropods. 



 1991 Thyra Solem Dr. scient 
Botany 

Age, origin and development of blanket mires in Central 
Norway 

 1991 Odd Terje Sandlund Dr. philos. 
Zoology 

The dynamics of habitat use in the salmonid genera 
Coregonus and Salvelinus: Ontogenic niche shifts and 
polymorphism. 

 1991 Nina Jonsson Dr. philos. Aspects of migration and spawning in salmonids. 
 1991 Atle Bones Dr. scient 

Botany 
Compartmentation and molecular properties of 
thioglucoside glucohydrolase (myrosinase) 

 1992 Torgrim Breiehagen Dr. scient. 
Zoology 

Mating behaviour and evolutionary aspects of the 
breeding system of two bird species: the Temminck's 
stint and the Pied flycatcher. 

 1992 Anne Kjersti Bakken Dr. scient 
Botany 

The influence of photoperiod on nitrate assimilation and 
nitrogen status in timothy (Phleum pratense L.) 

 1992 
 

Tycho Anker-Nilssen Dr. scient. 
Zoology 

Food supply as a determinant of reproduction and 
population development in Norwegian Puffins 
Fratercula arctica 

 1992 Bjørn Munro Jenssen Dr. philos. 
Zoology 

Thermoregulation in aquatic birds in air and water: With 
special emphasis on the effects of crude oil, chemically 
treated oil and cleaning on the thermal balance of ducks. 

 1992 Arne Vollan Aarset Dr. philos. 
Zoology 

The ecophysiology of under-ice fauna: Osmotic 
regulation, low temperature tolerance and metabolism in 
polar crustaceans. 

 1993 Geir Slupphaug Dr. scient 
Botany 

Regulation and expression of uracil-DNA glycosylase 
and O6-methylguanine-DNA methyltransferase in 
mammalian cells 

 1993 Tor Fredrik Næsje Dr. scient. 
Zoology 

Habitat shifts in coregonids. 

 1993 Yngvar Asbjørn Olsen Dr. scient. 
Zoology 

Cortisol dynamics in Atlantic salmon, Salmo salar L.: 
Basal and stressor-induced variations in plasma levels 
ans some secondary effects. 

 1993 Bård Pedersen Dr. scient 
Botany 

Theoretical studies of life history evolution in modular 
and clonal organisms 

 1993 Ole Petter Thangstad Dr. scient 
Botany 

Molecular studies of myrosinase in Brassicaceae 

 1993 Thrine L. M. 
Heggberget 

Dr. scient. 
Zoology 

Reproductive strategy and feeding ecology of the 
Eurasian otter Lutra lutra. 

 1993 Kjetil Bevanger Dr. scient. 
Zoology 

Avian interactions with utility structures, a biological 
approach. 

 1993 Kåre Haugan Dr. scient 
Bothany 

Mutations in the replication control gene trfA of the 
broad host-range plasmid RK2 

 1994 Peder Fiske Dr. scient. 
Zoology 

Sexual selection in the lekking great snipe (Gallinago 
media): Male mating success and female behaviour at the 
lek. 

 1994 Kjell Inge Reitan Dr. scient 
Botany 

Nutritional effects of algae in first-feeding of marine fish 
larvae 

 1994 Nils Røv Dr. scient. 
Zoology 

Breeding distribution, population status and regulation of 
breeding numbers in the northeast-Atlantic Great 
Cormorant Phalacrocorax carbo carbo. 

 1994 Annette-Susanne 
Hoepfner 

Dr. scient 
Botany 

Tissue culture techniques in propagation and breeding of 
Red Raspberry (Rubus idaeus L.) 

 1994 Inga Elise Bruteig Dr. scient 
Bothany 

Distribution, ecology and biomonitoring studies of 
epiphytic lichens on conifers 

 1994 Geir Johnsen Dr. scient 
Botany 

Light harvesting and utilization in marine phytoplankton: 
Species-specific and photoadaptive responses 



 1994 Morten Bakken Dr. scient. 
Zoology 
 

Infanticidal behaviour and reproductive performance in 
relation to competition capacity among farmed silver fox 
vixens, Vulpes vulpes. 

 1994 Arne Moksnes Dr. philos. 
Zoology 

Host adaptations towards brood parasitism by the 
Cockoo. 

 1994 Solveig Bakken Dr. scient 
Bothany 

Growth and nitrogen status in the moss Dicranum majus 
Sm. as influenced by nitrogen supply 

 1995 Olav Vadstein Dr. philos 
Botany 

The role of heterotrophic planktonic bacteria in the 
cycling of phosphorus in lakes: Phosphorus requirement, 
competitive ability and food web interactions. 

 1995 Hanne Christensen Dr. scient. 
Zoology 

Determinants of Otter Lutra lutra distribution in 
Norway: Effects of harvest, polychlorinated biphenyls 
(PCBs), human population density and competition with 
mink Mustela vision. 

 1995 Svein Håkon Lorentsen Dr. scient. 
Zoology 

Reproductive effort in the Antarctic Petrel Thalassoica 
antarctica; the effect of parental body size and condition.

 1995 Chris Jørgen Jensen Dr. scient. 
Zoology 

The surface electromyographic (EMG) amplitude as an 
estimate of upper trapezius muscle activity 

 1995 Martha Kold Bakkevig Dr. scient. 
Zoology 

The impact of clothing textiles and construction in a 
clothing system on thermoregulatory responses, sweat 
accumulation and heat transport. 

 1995 Vidar Moen Dr. scient. 
Zoology 

Distribution patterns and adaptations to light in newly 
introduced populations of Mysis relicta and constraints 
on Cladoceran and Char populations. 

 1995 Hans Haavardsholm 
Blom 

Dr. philos 
Bothany 

A revision of the Schistidium apocarpum complex in 
Norway and Sweden. 

 1996 Jorun Skjærmo Dr. scient 
Botany 

Microbial ecology of early stages of cultivated marine 
fish; inpact fish-bacterial interactions on growth and 
survival of larvae. 

 1996 Ola Ugedal Dr. scient. 
Zoology 

Radiocesium turnover in freshwater fishes 

 1996 Ingibjørg Einarsdottir Dr. scient. 
Zoology 

Production of Atlantic salmon (Salmo salar) and Arctic 
charr (Salvelinus alpinus): A study of some 
physiological and immunological responses to rearing 
routines. 

 1996 Christina M. S. Pereira Dr. scient. 
Zoology 

Glucose metabolism in salmonids: Dietary effects and 
hormonal regulation. 

 1996 Jan Fredrik Børseth Dr. scient. 
Zoology 

The sodium energy gradients in muscle cells of Mytilus 
edulis and the effects of organic xenobiotics. 

 1996 Gunnar Henriksen Dr. scient. 
Zoology 

Status of Grey seal Halichoerus grypus and Harbour seal 
Phoca vitulina in the Barents sea region. 

 1997 Gunvor Øie Dr. scient 
Bothany 

Eevalution of rotifer Brachionus plicatilis quality in 
early first feeding of turbot Scophtalmus maximus L. 
larvae. 

 1997 Håkon Holien Dr. scient 
Botany 

Studies of lichens in spurce forest of Central Norway. 
Diversity, old growth species and the relationship to site 
and stand parameters. 

 1997 Ole Reitan  Dr. scient. 
Zoology 

Responses of birds to habitat disturbance due to 
damming. 

 1997 Jon Arne Grøttum  Dr. scient. 
Zoology 

Physiological effects of reduced water quality on fish in 
aquaculture. 

 1997 Per Gustav Thingstad  Dr. scient. 
Zoology 

Birds as indicators for studying natural and human-
induced variations in the environment, with special 
emphasis on the suitability of the Pied Flycatcher. 



 1997 Torgeir Nygård  Dr. scient. 
Zoology 

Temporal and spatial trends of pollutants in birds in 
Norway: Birds of prey and Willow Grouse used as 
Biomonitors. 

 1997 Signe Nybø  Dr. scient. 
Zoology 

Impacts of long-range transported air pollution on birds 
with particular reference to the dipper Cinclus cinclus in 
southern Norway. 

 1997 Atle Wibe  Dr. scient. 
Zoology 

Identification of conifer volatiles detected by receptor 
neurons in the pine weevil (Hylobius abietis), analysed 
by gas chromatography linked to electrophysiology and 
to mass spectrometry. 

 1997 Rolv Lundheim  Dr. scient. 
Zoology 

Adaptive and incidental biological ice nucleators.     

 1997 Arild Magne Landa Dr. scient. 
Zoology 

Wolverines in Scandinavia: ecology, sheep depredation 
and conservation. 

 1997 Kåre Magne Nielsen Dr. scient 
Botany 

An evolution of possible horizontal gene transfer from 
plants to sail bacteria by studies of natural transformation 
in Acinetobacter calcoacetius. 

 1997 Jarle Tufto  Dr. scient. 
Zoology 

Gene flow and genetic drift in geographically structured 
populations: Ecological, population genetic, and 
statistical models 

 1997 Trygve Hesthagen  Dr. philos. 
Zoology 

Population responces of Arctic charr (Salvelinus alpinus 
(L.)) and brown trout (Salmo trutta L.) to acidification in 
Norwegian inland waters 

 1997 Trygve Sigholt  Dr. philos. 
Zoology 

Control of  Parr-smolt transformation and seawater 
tolerance in farmed Atlantic Salmon (Salmo salar) 
Effects of photoperiod, temperature, gradual seawater 
acclimation, NaCl and betaine in the diet 

 1997 Jan Østnes  Dr. scient. 
Zoology 

Cold sensation in adult and neonate birds 

 1998 Seethaledsumy 
Visvalingam 

Dr. scient 
Botany 

Influence of environmental factors on myrosinases and 
myrosinase-binding proteins. 

 1998 Thor Harald Ringsby Dr. scient. 
Zoology 

Variation in space and time: The biology of a House 
sparrow metapopulation 

 1998 Erling Johan Solberg Dr. scient. 
Zoology 

Variation in population dynamics and life history in a 
Norwegian moose (Alces alces) population: 
consequences of harvesting in a variable environment 

 1998 Sigurd Mjøen Saastad Dr. scient 
Botany 

Species delimitation and phylogenetic relationships 
between the Sphagnum recurvum complex (Bryophyta): 
genetic variation and phenotypic plasticity. 

 1998 Bjarte Mortensen Dr. scient 
Botany 

Metabolism of volatile organic chemicals (VOCs) in a 
head liver S9 vial  equilibration system in vitro. 

 1998 Gunnar Austrheim Dr. scient 
Botany 

Plant biodiversity and land use in subalpine grasslands. – 
A conservtaion biological approach. 

 1998 Bente Gunnveig Berg Dr. scient. 
Zoology 

Encoding of pheromone information in two related moth 
species 

 1999 Kristian Overskaug Dr. scient. 
Zoology 

Behavioural and morphological characteristics in 
Northern Tawny Owls Strix aluco: An intra- and 
interspecific comparative approach 

 1999 Hans Kristen Stenøien Dr. scient 
Bothany 

Genetic studies of evolutionary processes in various 
populations of nonvascular plants (mosses, liverworts 
and hornworts) 

 1999 Trond Arnesen Dr. scient 
Botany 

Vegetation dynamics following trampling and burning in 
the outlying haylands at Sølendet, Central Norway. 



 1999 Ingvar Stenberg Dr. scient. 
Zoology 

Habitat selection, reproduction and survival in the 
White-backed Woodpecker Dendrocopos leucotos 

 1999 Stein Olle Johansen Dr. scient 
Botany 

A study of driftwood dispersal to the Nordic Seas by 
dendrochronology and wood anatomical analysis. 

 1999 Trina Falck Galloway Dr. scient. 
Zoology 

Muscle development and growth in early life stages of 
the Atlantic cod (Gadus morhua L.) and Halibut 
(Hippoglossus hippoglossus L.) 

 1999 Torbjørn Forseth Dr. scient. 
Zoology 

Bioenergetics in ecological and life history studies of 
fishes. 

 1999 Marianne Giæver Dr. scient. 
Zoology 

Population genetic studies in three gadoid species: blue 
whiting (Micromisistius poutassou), haddock 
(Melanogrammus aeglefinus) and cod (Gradus morhua) 
in the North-East Atlantic 

 1999 Hans Martin Hanslin Dr. scient 
Botany 

The impact of environmental conditions of density 
dependent performance in the boreal forest bryophytes 
Dicranum majus, Hylocomium splendens, Plagiochila 
asplenigides, Ptilium crista-castrensis and 
Rhytidiadelphus lokeus. 

 1999 Ingrid Bysveen 
Mjølnerød 

Dr. scient. 
Zoology 

Aspects of population genetics, behaviour and 
performance of wild and farmed Atlantic salmon (Salmo 
salar) revealed by molecular genetic techniques 

 1999 Else Berit Skagen Dr. scient 
Botany 

The early regeneration process in protoplasts from 
Brassica napus hypocotyls cultivated under various g-
forces 

 1999 Stein-Are Sæther Dr. philos. 
Zoology 

Mate choice, competition for mates, and conflicts of 
interest in the Lekking Great Snipe 

 1999 Katrine Wangen Rustad Dr. scient. 
Zoology 

Modulation of glutamatergic neurotransmission related 
to cognitive dysfunctions and Alzheimer’s disease 

 1999 Per Terje Smiseth Dr. scient. 
Zoology 

Social evolution in monogamous families: 
mate choice and conflicts over parental care in the 
Bluethroat (Luscinia s. svecica) 

 1999 Gunnbjørn Bremset Dr. scient. 
Zoology 

Young Atlantic salmon (Salmo salar L.) and Brown trout 
(Salmo trutta L.) inhabiting the deep pool habitat, with 
special reference to their habitat use, habitat preferences 
and competitive interactions 

 1999 Frode Ødegaard Dr. scient. 
Zoology 

Host spesificity as parameter in estimates of arhrophod 
species richness 

 1999 Sonja Andersen Dr. scient 
Bothany 

Expressional and functional analyses of human, 
secretory phospholipase A2 

 2000 Ingrid Salvesen, I Dr. scient 
Botany 

Microbial ecology in early stages of marine fish: 
Development and evaluation of methods for microbial 
management in intensive larviculture 

 2000 Ingar Jostein Øien Dr. scient. 
Zoology 

The Cuckoo (Cuculus canorus) and its host: adaptions 
and counteradaptions in a coevolutionary arms race 

 2000 Pavlos Makridis Dr. scient 
Botany 

Methods for the microbial econtrol of live food used for 
the rearing of marine fish larvae 

 2000 Sigbjørn Stokke Dr. scient. 
Zoology 

Sexual segregation in the African elephant (Loxodonta 
africana) 

 2000 Odd A. Gulseth Dr. philos. 
Zoology 

Seawater tolerance, migratory behaviour and growth of 
Charr, (Salvelinus alpinus), with emphasis on the high 
Arctic Dieset charr on Spitsbergen, Svalbard 

 2000 Pål A. Olsvik Dr. scient. 
Zoology 

Biochemical impacts of Cd, Cu and Zn on brown trout 
(Salmo trutta) in two mining-contaminated rivers in 
Central Norway 



 2000 Sigurd Einum Dr. scient. 
Zoology 

Maternal effects in fish: Implications for the evolution of 
breeding time and egg size 

 2001 Jan Ove Evjemo Dr. scient. 
Zoology 

Production and nutritional adaptation of the brine shrimp 
Artemia sp. as live food organism for larvae of marine 
cold water fish species 

 2001 Olga Hilmo Dr. scient 
Botany 

Lichen response to environmental changes in the 
managed boreal forset systems 

 2001 Ingebrigt Uglem Dr. scient. 
Zoology 

Male dimorphism and reproductive biology in corkwing 
wrasse (Symphodus melops L.) 

 2001 Bård Gunnar Stokke Dr. scient. 
Zoology 

Coevolutionary adaptations in avian brood parasites and 
their hosts 

 2002 Ronny Aanes Dr. scient Spatio-temporal dynamics in Svalbard reindeer (Rangifer 
tarandus platyrhynchus) 

 2002 Mariann Sandsund Dr. scient. 
Zoology 

Exercise- and cold-induced asthma. Respiratory and 
thermoregulatory responses 

 2002 Dag-Inge Øien Dr. scient 
Botany 

Dynamics of plant communities and populations in 
boreal vegetation influenced by scything at Sølendet, 
Central Norway 

 2002 Frank Rosell Dr. scient. 
Zoology 

The function of scent marking in beaver (Castor fiber) 

 2002 Janne Østvang Dr. scient 
Botany 

The Role and Regulation of Phospholipase A2 in 
Monocytes During Atherosclerosis Development 

 2002 Terje Thun Dr.philos 
Biology 

Dendrochronological constructions of Norwegian conifer 
chronologies providing dating of historical material 

 2002 Birgit Hafjeld Borgen Dr. scient 
Biology 

Functional analysis of plant idioblasts (Myrosin cells) 
and their role in defense, development and growth 

 2002 Bård Øyvind Solberg Dr. scient 
Biology 

Effects of climatic change on the growth of dominating 
tree species along major environmental gradients 

 2002 Per Winge Dr. scient 
Biology 

The evolution of small GTP binding proteins in cellular 
organisms.  Studies of RAC GTPases in Arabidopsis 
thaliana and 

 2002 Henrik Jensen Dr. scient 
Biology 

Causes and consequenses of individual variation in 
fitness-related traits in house sparrows 

 2003 Jens Rohloff Dr. philos 
Biology 

Cultivation of herbs and medicinal plants in Norway – 
Essential oil production and quality control 

 2003 Åsa Maria O. Espmark 
Wibe 

Dr. scient 
Biology 

Behavioural effects of environmental pollution in 
threespine stickleback Gasterosteus aculeatur L. 

 2003 Dagmar Hagen Dr. scient 
Biology 

Assisted recovery of disturbed arctic and alpine 
vegetation – an integrated approach 

 2003 Bjørn Dahle Dr. scient 
Biology 

Reproductive strategies in Scandinavian brown bears 

 2003 Cyril Lebogang Taolo Dr. scient 
Biology 

Population ecology, seasonal movement and habitat use 
of the African buffalo (Syncerus caffer) in Chobe 
National Park, Botswana 

 2003 Marit Stranden Dr.scient 
Biology 

Olfactory receptor neurones specified for the same 
odorants in three related Heliothine species (Helicoverpa 
armigera, Helicoverpa assulta and Heliothis virescens) 

 2003 Kristian Hassel Dr.scient 
Biology 

Life history characteristics and genetic variation in an 
expanding species, Pogonatum dentatum 

 2003 David Alexander Rae Dr.scient 
Biology 

Plant- and invertebrate-community responses to species 
interaction and microclimatic gradients in alpine and 
Artic environments 

 2003 Åsa A Borg Dr.scient 
Biology 

Sex roles and reproductive behaviour in gobies and 
guppies: a female perspective 



 2003 Eldar Åsgard Bendiksen Dr.scient 
Biology 

Environmental effects on lipid nutrition of farmed 
Atlantic salmon (Salmo Salar L.) parr and smolt 

 2004 Torkild Bakken Dr.scient 
Biology 

A revision of Nereidinae (Polychaeta, Nereididae) 

 2004 Ingar Pareliussen Dr.scient 
Biology 

Natural and Experimental Tree Establishment in a 
Fragmented Forest, Ambohitantely Forest Reserve, 
Madagascar 

 2004 Tore Brembu Dr.scient 
Biology 

Genetic, molecular and functional studies of RAC 
GTPases and the WAVE-like regulatory protein complex 
in Arabidopsis thaliana 

 2004 Liv S. Nilsen Dr.scient 
Biology 

Coastal heath vegetation on central Norway; recent past, 
present state and future possibilities 

 2004 Hanne T. Skiri Dr.scient 
Biology 

Olfactory coding and olfactory learning of plant odours 
in heliothine moths. An anatomical, physiological and 
behavioural study of three related species (Heliothis 
virescens, Helicoverpa armigera and Helicoverpa 
assulta). 
 

 2004 Lene Østby Dr.scient 
Biology 

Cytochrome P4501A (CYP1A) induction and DNA 
adducts as biomarkers for organic pollution in the natural 
environment 
 

 2004 Emmanuel J. Gerreta Dr. philos 
Biology 

The Importance of Water Quality and Quantity in the 
Tropical Ecosystems, Tanzania 

 2004 Linda Dalen Dr.scient 
Biology 

Dynamics of Mountain Birch Treelines in the Scandes 
Mountain Chain, and Effects of Climate Warming 

 2004 Lisbeth Mehli Dr.scient 
Biology 

Polygalacturonase-inhibiting protein (PGIP) in cultivated 
strawberry (Fragaria x ananassa): characterisation and 
induction of the gene following fruit infection by 
Botrytis cinerea 

 2004 Børge Moe Dr.scient 
Biology 

Energy-Allocation in Avian Nestlings Facing Short-
Term Food Shortage 

 2005 Matilde Skogen 
Chauton 

Dr.scient 
Biology 

Metabolic profiling and species discrimination from 
High-Resolution Magic Angle Spinning NMR analysis 
of whole-cell samples 

 2005 Sten Karlsson Dr.scient 
Biology 

Dynamics of Genetic Polymorphisms 

 2005 Terje Bongard Dr.scient 
Biology 

Life History strategies, mate choice, and parental 
investment among Norwegians over a 300-year period 

 2005 Tonette Røstelien PhD 
Biology 

Functional characterisation of olfactory receptor neurone 
types in heliothine moths 

 2005 Erlend Kristiansen Dr.scient 
Biology 

Studies on antifreeze proteins 

 2005 Eugen G. Sørmo Dr.scient 
Biology 

Organochlorine pollutants in grey seal (Halichoerus 
grypus) pups and their impact on plasma thyrid hormone 
and vitamin A concentrations. 

 2005 Christian Westad Dr.scient 
Biology 

Motor control of the upper trapezius 

 2005 Lasse Mork Olsen PhD 
Biology 

Interactions between marine osmo- and phagotrophs in 
different physicochemical environments 

 2005 Åslaug Viken PhD 
Biology 

Implications of mate choice for the management of small 
populations 



 2005 Ariaya Hymete Sahle 
Dingle 

PhD 
Biology 

Investigation of the biological activities and chemical 
constituents of selected Echinops spp. growing in 
Ethiopia 

 2005 Anders Gravbrøt 
Finstad 

PhD 
Biology 

Salmonid fishes in a changing climate: The winter 
challenge 

 2005 Shimane Washington 
Makabu 

PhD 
Biology 

Interactions between woody plants, elephants and other 
browsers in the Chobe Riverfront, Botswana 

 2005 Kjartan Østbye Dr.scient 
Biology 

The European whitefish Coregonus lavaretus (L.) 
species complex: historical contingency and adaptive 
radiation 

 2006 Kari Mette Murvoll PhD 
Biology 

Levels and effects of persistent organic pollutans (POPs) 
in seabirds 
Retinoids and α-tocopherol –  potential biomakers of 
POPs in birds?  

 2006 Ivar Herfindal Dr.scient 
Biology 

Life history consequences of environmental variation 
along ecological gradients in northern ungulates 

 2006 Nils Egil Tokle Phd 
Biology 

Are the ubiquitous marine copepods limited by food or 
predation? Experimental and field-based studies with 
main focus on Calanus finmarchicus 

 2006 Jan Ove Gjershaug Dr.philos 
Biology 

Taxonomy and conservation status of some booted 
eagles in south-east Asia 

 2006 Jon Kristian Skei Dr.scient 
Biology 

Conservation biology and acidification problems in the 
breeding habitat of amphibians in Norway 

 2006 Johanna Järnegren PhD 
Biology 

Acesta Oophaga and Acesta Excavata – a study of 
hidden biodiversity 

 2006 Bjørn Henrik Hansen PhD 
Biology 

Metal-mediated oxidative stress responses in brown trout 
(Salmo trutta) from mining contaminated rivers in 
Central Norway 

 2006 Vidar Grøtan PhD 
Biology 

Temporal and spatial effects of climate fluctuations on 
population dynamics of vertebrates 

 2006 Jafari R Kideghesho phD 
Biology 

Wildlife conservation and local land use conflicts in 
western Serengeti, Corridor Tanzania 

 2006 Anna Maria Billing PhD 
Biology 

Reproductive decisions in the sex role reversed pipefish 
Syngnathus typhle: when and how to invest in 
reproduction 

 2006 Henrik Pärn PhD 
Biology 

Female ornaments and reproductive biology in the 
bluethroat 

 2006 Anders J. Fjellheim PhD 
Biology 

Selection and administration of probiotic bacteria to 
marine fish larvae 

 2006 P. Andreas Svensson phD 
Biology 

Female coloration, egg carotenoids and reproductive 
success: gobies as a model system 

 2007 Sindre A. Pedersen PhD 
Biology 

Metal binding proteins and antifreeze proteins in the 
beetle Tenebrio molitor 
- a study on possible competition for the semi-essential 
amino acid cysteine 

 2007 Kasper Hancke PhD 
Biology 

Photosynthetic responses as a function of light and 
temperature: Field and laboratory studies on marine 
microalgae 

 2007 Tomas Holmern PhD 
Biology 

Bushmeat hunting in the western Serengeti: Implications 
for community-based conservation 

 2007 Kari Jørgensen PhD 
Biology 

Functional tracing of gustatory receptor neurons in the 
CNS and chemosensory learning in the moth Heliothis 
virescens 



 2007 Stig Ulland PhD 
Biology 

Functional Characterisation of Olfactory Receptor 
Neurons in the Cabbage Moth, /Mamestra Brassicae/ L. 
(Lepidoptera, Noctuidae). Gas Chromatography Linked 
to Single Cell Recordings and Mass Spectrometry 

 2007 Snorre Henriksen PhD 
Biology 

Spatial and temporal variation in herbivore resources at 
northern latitudes 

 2007 Roelof Frans May PhD 
Biology 

Spatial Ecology of Wolverines in Scandinavia  
 

 2007 Vedasto Gabriel 
Ndibalema 

PhD 
Biology 

Demographic variation, distribution and habitat use 
between wildebeest sub-populations in the Serengeti 
National Park, Tanzania 

 2007 Julius William 
Nyahongo 

PhD 
Biology 

Depredation of Livestock by wild Carnivores and Illegal 
Utilization of Natural Resources by Humans in the 
Western Serengeti, Tanzania 
 

 2007 Shombe Ntaraluka 
Hassan 

PhD 
Biology 

Effects of fire on large herbivores and their forage 
resources in Serengeti, Tanzania 

 2007 Per-Arvid Wold PhD 
Biology 

Functional development and response to dietary 
treatment in larval Atlantic cod (Gadus morhua L.) 
Focus on formulated diets and early weaning 

 2007 Anne Skjetne 
Mortensen 

PhD 
Biology 

Toxicogenomics of Aryl Hydrocarbon- and Estrogen 
Receptor Interactions in Fish: Mechanisms and Profiling 
of Gene Expression Patterns in Chemical Mixture 
Exposure Scenarios 

 2008 Brage Bremset Hansen PhD 
Biology 

The Svalbard reindeer (Rangifer tarandus 
platyrhynchus) and its food base: plant-herbivore 
interactions in a high-arctic ecosystem 

 2008 Jiska van Dijk PhD 
Biology 

Wolverine foraging strategies in a multiple-use 
landscape 

 2008 Flora John Magige PhD 
Biology 

The ecology and behaviour of the Masai 
Ostrich ( Struthio camelus massaicus) in the 
Serengeti Ecosystem, Tanzania 
 

 2008 Bernt Rønning PhD 
Biology 

Sources of inter- and intra-individual variation 
in basal metabolic rate in the zebra finch, 
/Taeniopygia guttata/ 

 2008 Sølvi Wehn PhD  
Biology 

Biodiversity dynamics in semi-natural mountain 
landscapes.  
- A study of consequences of changed 
agricultural practices in Eastern Jotunheimen 

 
 

  




	1-manus.pdf
	final-1.pdf
	Figure 4.pdf
	final-2.pdf

	2-ERRATA.pdf
	hvittark.pdf
	3-papers.pdf
	paperI_forside.pdf
	hvittark.pdf
	paperI.pdf
	Genomic approach in evaluating the role of androgens on the growth of Atlantic cod (Gadus morhu.....
	Introduction
	Materials and methods
	Chemicals and reagents
	Animals and floating agarose in vitro culture technique
	Production of substracted cDNA library
	Array spotting
	RNA purification and cDNA synthesis
	Probe labelling and hybridization
	Array experimental design and statistical analysis
	Database submission
	Primer optimization, cloning and sequencing
	Quantitative (real-time) PCR
	In situ hybridization
	Previtellogenic oocyte histological and stereological analyses
	Steroid hormone analysis
	Statistical analysis

	Results
	SSH and array gene expression pattern
	Real-time PCR (qPCR) analyses of selected transcripts
	Histology and stereological analysis of cod oocyte growth and �development
	In situ hybridization
	11-KT tissue levels

	Discussion
	Evaluation of SSH and CodArray data
	Modulation of genes associated with the zona radiata
	Effects on cyclin-B mRNA levels
	Modulation of heat shock protein 90β expression
	Modulation of StAR and P450scc mRNA levels
	Histology and stereological analysis of the growth and development of cod oocytes
	Evaluation of in vitro floating agarose method

	Conclusions
	Acknowledgements
	Supplemental data
	References


	PaperI_supplemental data.pdf
	hvittark.pdf
	paperII_forside.pdf
	hvittark.pdf
	paperII.pdf
	manus_avhandling.pdf
	Table 1.pdf
	Table 2.pdf
	Table 3.pdf
	Table 4.pdf
	figures.pdf

	paperIII_forside.pdf
	hvittark.pdf
	paperIII.pdf
	ms.pdf
	figures.pdf
	Table 1.pdf
	Table 2.pdf

	hvittark.pdf
	paperIV_forside.pdf
	hvittark.pdf
	paper IV.pdf
	Effects of 17α-methyltestosterone exposure on steroidogenesis and cyclin-B mRNA expression in p.....
	Introduction
	Materials and methods
	Chemicals and reagents
	Animals and floating agarose in vitro culture technique
	RNA purification and cDNA synthesis
	The StAR protein and P450scc antibody production and purification
	Primer optimization, cloning and sequencing
	Quantitative (real-time) PCR
	Previtellogenic oocyte histology and immunohistochemical analysis
	Steroid hormone analysis
	Statistical analyses

	Results
	Modulation of StAR, P450scc and P450aromA expressions
	Modulation of cyclin-B expression
	Histology and immunohistochemical analysis of the StAR protein and P450scc
	Modulation of E2 and T levels

	Discussion
	Effects on StAR, P450scc, P450arom mRNA and steroid hormone levels
	Effects on cyclin-B mRNA levels

	Conclusions
	Acknowledgements
	References


	paperV_forside.pdf
	hvittark.pdf
	paper V.pdf
	The xenoestrogen, 4-nonylphenol, impaired steroidogenesis in previtellogenic oocyte culture of Atlantic cod (Gadus morhua) by targeting the StAR protein and P450scc expressions
	Introduction
	Materials and methods
	Chemicals and reagents
	Animals and culture technique
	RNA purification and cDNA synthesis
	StAR and P450scc antibody production and purification
	Primer optimization, cloning and sequencing
	Quantitative (real-time) PCR
	Histology and immunohistochemistry
	Steroid hormone analysis
	Statistical analyses

	Results
	Modulation of StAR protein and P450scc expressions
	Modulation of cyclin-B expressions
	Immunohistochemical analysis of the StAR protein and P450scc
	Modulation of estradiol-17beta and 11-ketotestosterone levels

	Discussion
	Effects on the StAR protein and P450scc gene expression and steroid hormone levels
	Effects on cyclin-B gene expression

	Conclusions
	Acknowledgments
	References



	hvittark.pdf
	hvittark.pdf
	hvittark.pdf
	4-Drgrad-Biologi,år-1.pdf


<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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




