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Abstract
Proteins containing Zn(II)2Cys6 domains are exclusively found in fungi and yeasts. Genes

encoding this class of proteins are broadly distributed in fungi, but few of them have been

functionally characterized. In this work, we have characterized a gene from the filamentous

fungus Penicillium roqueforti that encodes a Zn(II)2Cys6 protein, whose function to date re-

mains unknown. We have named this gene pcz1. We showed that the expression of pcz1 is

negatively regulated in a P. roqueforti strain containing a dominant active Gαi protein, sug-

gesting that pcz1 encodes a downstream effector that is negatively controlled by Gαi. More

interestingly, the silencing of pcz1 in P. roqueforti using RNAi-silencing technology resulted

in decreased apical growth, the promotion of conidial germination (even in the absence of a

carbon source), and the strong repression of conidiation, concomitant with the downregula-

tion of the genes of the central conidiation pathway brlA, abaA andwetA. A model for the

participation of pcz1 in these physiological processes in P. roqueforti is proposed.

Introduction
Zinc-binding proteins are one of the largest families of transcription regulators in eukaryotes,
displaying structural and functional diversity. According to their zinc finger binding motifs,
zinc-binding proteins are classified into three main groups: Cys2His2, Cys4, and Zn(II)2Cys6
[1]. Interestingly, Zn(II)2Cys6 proteins (hereafter C6) have been found only in fungi and yeasts,
and they seem to be absent from bacteria, plants, and animals [2].

Although the C6 genes are abundant in fungal genomes, mainly from the phylum Ascomy-
cota, comparatively few of them (approximately 30–40 genes) have been functionally charac-
terized [2]. From these studies, mainly performed in Saccharomyces cerevisiae and model
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species from the genus Aspergillus, it has been deduced that C6 proteins are mainly involved in
the regulation of the utilization of carbon and nitrogen compounds, the regulation of second-
ary metabolism, and the regulation of sexual and/or asexual development [2]. Known examples
of C6 proteins participating in these processes are the S. cerevisiae Gal4 transcriptional activa-
tor, which is involved in galactose catabolism [3], the AflR protein controlling the expression
of several genes involved in the production of the secondary metabolites aflatoxin and sterig-
matocystin in Aspergilli [4], and the SfgA protein, a repressor that interacts with FluG, a pro-
tein necessary for the activation of conidiation in A. nidulans [5].

In contrast with yeast and Aspergillus, very few C6 proteins have been studied in Penicillium
species. In the dimorphic fungus Penicillium marneffei (currently known as Talaromyces mar-
neffei), disruption of the facB gene downregulates the expression of the gene encoding for isoci-
trate lyase, a key enzyme in the glyoxylate cycle [6]. In P. citrinum, disruption of the mlcR gene
demonstrated its involvement in the biosynthesis of the secondary metabolite compactin [7].
Another C6 gene from P. citrinum (ariB) was disrupted, but its absence was not associated with
any phenotypic effect [7]. To our knowledge, no other studies of functional characterization of
any C6 protein in Penicillium species have been performed.

Penicillium roqueforti is a filamentous fungus that is important to the food industry because
it is used in the ripening of blue-veined cheeses. However, despite its biotechnological impor-
tance, not much progress has been made in understanding the physiology of this fungus. Previ-
ously, we have made efforts to gain insight into the biology of P. roqueforti by studying the
effect of a dominant active α subunit in subgroup I (Gαi) of a heterotrimeric G protein [8–10].
Heterotrimeric G proteins remain inactive when their three subunits (Gα and the βγ dimer)
are together. In this inactive state, Gα keeps GDP (guanosine 5`- diphosphate) bound, but
when a suitable stimulus is sensed, Gα exchanges GDP for GTP (guanosine 5`- triphosphate),
resulting in its separation from the βγ dimer. Then, both the Gα and the βγ dimer become ac-
tive, interacting with downstream effectors. Normally, activation ends when the GTPase activi-
ty in Gα hydrolyzes GTP to GDP, causing Gα and the βγ dimer to reassociate [11]. However,
in fungi, the replacement of glycine with arginine at the appropriate position produces consti-
tutive activation of Gα, thereby resulting in persistent and dominant active Gα signaling [12].

Transformants of P. roqueforti containing the dominant active Gαi protein described above
showed several phenotypic alterations compared with the wild-type strain: a drastic reduction
in conidiation, the ability to germinate their spores in the absence of a carbon source, and de-
layed apical growth [8–10]. Additionally, these transformants have increased concentrations of
cAMP [9]. However, in addition to increases in this metabolite, other putative downstream ef-
fectors of Gαi have not been functionally described in P. roqueforti to date. We hypothesized
that the effects of the Gαi protein on the phenotype of the fungus could be due (at least in part)
to transcriptional changes in effector genes downstream of the Gαi protein. In this paper, we
have characterized a novel gene encoding a putative C6 protein of unknown function, which
we have named pcz1. We confirmed that the expression of pcz1 is downregulated in strains of
P. roqueforti containing the dominant active Gαi subunit. More interestingly, a functional anal-
ysis of pcz1 suggests that it may be a positive regulator of conidiation, which is concomitant
with the downregulation of the genes of the central conidiation pathway brlA, abaA and wetA.
In addition, pcz1may be a positive regulator of apical growth, but it may be a repressor of
conidial germination.
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Materials and Methods

Fungal strains and culture media
The wild type strain P. roqueforti CECT 2905 was kindly provided by Dr. Juan F. Martín
(Inbiotec, León, Spain). P. roqueforti transformants pga5 and pga7, derived from strain CECT
2905 and containing the dominant active Gαi subunit, have been previously described [8].

The media used in this work were potato dextrose agar (PDA; Merck, Darmstadt, Ger-
many), Czapek minimal medium, Czapek yeast extract agar (CYA), yeast extract sucrose
(YES), Power medium agar [13] and CM (glucose 5 g/l, yeast extract 5 g/l and malt extract
5 g/l).

Construction of plasmid pC6-RNAi for pcz1 silencing
Plasmid pJL43-RNAi [14] was used to generate the pcz1 knockdown construct. This plasmid
contains two promoters in opposite directions, which generate double-stranded RNA mole-
cules (dsRNAs) from a small DNA fragment inserted in an NcoI site between these two pro-
moters [14]. These dsRNAs are recognized and processed by the fungal RNA-silencing
machinery, resulting in the specific degradation of target mRNAs [14]. Plasmid pJL43-RNAi
has already been successfully used for the silencing of genes in P. roqueforti [15].

Plasmid pJL43-RNAi was digested with NcoI. In parallel, a 446-bp fragment of the pcz1
gene was amplified with primers RNAiC6FW (5`- CAGAAGAGGTCCATGGTC-3`) and
RNAiC6RV (5`- AGACTCCCATGGCCAACCGTTGTCGCTG-3`) and was also digested
with NcoI. The digested fragment (432 bp) was ligated into pJL43-RNAi, thus giving rise to
plasmid pC6-RNAi, which was used to transform P. roqueforti CECT 2905.

Transformation of P. roqueforti
P. roqueforti transformants M9 and M11, with a silenced pcz1 gene, were obtained by intro-
ducing plasmid pC6-RNAi into strain CECT 2905 by protoplast transformation. Protoplast
obtainment, transformation, and selection of transformants on Czapek-sorbitol medium con-
taining phleomycin were carried out as described by Chávez et al. [16] except that 10 μg/mL
phleomycin was used to select transformants. After transformation, conidia from selected
colonies were subsequently transferred three times onto a suitable medium to stabilize
the genotype and obtain homokaryotic strains. The same procedure was used to obtain a
P. roqueforti transformant containing empty plasmid pJL43-RNAi, which was used as a con-
trol in the experiments.

DNA and RNA extractions, RT-PCR experiments and suppression
subtractive hybridization (SSH) experiments
For DNA isolation, spores from P. roqueforti strains were inoculated into CMmedium at 28°C
for 24 hours at 200 r.p.m. in an orbital shaker. Mycelia were harvested by filtration and washed
with 0.9% NaCl. DNA from each mycelium was isolated according to Bainbridge et al. [17].

For RNA isolation, mycelia growing under suitable conditions (see the respective
Figure legend for details) were harvested and washed as above. Then, they were frozen in liquid
nitrogen and ground in a mortar. The total RNA was extracted using the RNeasy Plant Minikit
(Qiagen, Germany) according to the manufacturer’s instructions, and treated with RNase-free
DNase I (Roche, Germany). Total RNA was quantified in a MultiSkan GO quantification sys-
tem using a μDrop plate (Thermo Scientific, Germany) according to the manufacturer’s in-
structions. One μg of total RNA was used to synthesize cDNA using RevertAid Reverse
Transcriptase (Thermo Scientific, Germany) according to the manufacturer’s instructions.
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RT-PCR experiments were performed essentially as described by Ravanal et al. [18]. PCR
conditions were the same as described by Diaz et al. [19]. Primers used for preliminary
RT-PCR analyses of pcz1 were RNAiC6FW and RNAiC6RV (described above). As control, am-
plification of β-tubulin cDNA was performed with primers Bt2A (5`- GGTAAC-
CAAATCGGTGCTGCTTTC-3`) and Bt2B (5`- ACCCTCAGTGTAGTGACCCTTGGC-3`).
Transcription levels were estimated by densitometry analysis using the “myImageAnalysis
Software” program (Thermo Scientific, Germany).

For SSH experiments, spores from P. roqueforti CECT 2905 (wild-type strain) and P. roque-
forti pga7 (containing the dominant active Gαi subunit) were inoculated into YES medium at
28°C for 10 days at 200 r.p.m in an orbital shaker. Mycelia were harvested and washed three
times with PBS (137 mMNaCl, 2.7 mM KCl, 10 mM Na2HPO4, 1.8 mM KH2PO4, pH 7.4).
Total RNA from each mycelium was isolated as above. PolyA+-RNA was purified from total
RNA using the “Absolutely mRNA Purification” kit (Stratagene, USA), according to the manu-
facturer’s specifications and used for SSH. SSH experiments were performed using the
“PCR-Select cDNA subtraction” kit (Clontech, USA) and following the manufacturer’s instruc-
tions exactly. cDNA from the wild-type strain was utilized as “tester” sample and cDNA from
P. roqueforti pga7 was utilized as “driver” sample. The selectively amplified cDNA molecules
were ligated into pGEM-T Easy and transformed into high efficiency competent E. coli cells.
Analysis and selection of bacterial colonies containing plasmids suitable for sequencing were
performed by PCR and dot blot assays exactly as described by Klagges et al. [20]. Selected plas-
mids were sequenced (both strands) by Macrogen (Seoul, Korea).

Quantitative reverse-transcriptase polymerase chain reaction
(qRT-PCR) analysis
Gene expression was analyzed by qRT-PCR. Total RNA quantification and cDNA synthesis
were performed as above. For details of specific primers used in each qRT-PCR experiment,
see S1 Table. All primer sets exhibited suitable efficiency as required for the comparative Ct
(ΔΔCt) method (S2 Table). Reactions were performed in 20 μl reaction volumes. Each reaction
contained 10 μl of KAPA SYBR Fast qRT-PCR Master Mix 2x (Kapa Biosystems, USA), 0.4 μl
of each primer (at a concentration of 10 μM each), 0.4 μl de 50x ROX High/Low, 6.8 μl of
water, and 2 μl of cDNA. Quantification was carried out with a StepOne Real-Time PCR Sys-
tem (Applied Biosystems, USA) using the following conditions: 30 s at 95°C and 40 cycles of 3 s
at 95°C and 30 s at 60°C. Appropriate negative controls were included. For each gene expression
analysis, three replicates were performed. The data were analyzed according to the comparative
Ct (ΔΔCt) method and were normalized to β-tubulin gene expression in each sample.

Measurement of fungal apical extension rates
Apical extension rates were determined as described by Ivey et al. [21]. Briefly, the diameter of
the colony was measured daily in different culture media (see the respective Figure legend for
details). In each case, the apical extension rate was obtained as a linear regression of colony di-
ameter over time.

Measurement of conidial production kinetics
The production of conidia was measured according to García-Rico et al. [8]. Briefly, 100 μl of a
conidial suspension (5 × 105 conidia/ml) was seeded in Petri dishes containing a suitable cul-
ture medium (see the respective Figure legend for details). Dishes were incubated at 28°C for 1,
3 or 5 days, and the conidia produced were collected by adding NT solution (0.9% NaCl, 0.05%
Triton) and scratching the surface of the plate with an inverted Pasteur pipette. This procedure
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was repeated one time. Conidia obtained were counted in a Neubauer chamber. Values are ex-
pressed as conidia/mm2 of surface.

Analysis of conidial germination
With slight modifications, the measurement of conidial germination was performed as previ-
ously described [10]. For each strain, three replicate flasks containing 2 x 105 conidia/ml of a
suitable liquid media were incubated at 28°C for a variable amount of time (see the respective
Figure legend for details about the medium and time). At regular intervals, samples of 10 μl
were taken, observed in the microscope, and the number of germinated and non-germinated
conidia was counted in 10 randomly-chosen fields (around 230 conidia were counted in each
experiment). This procedure was repeated, in duplicate, for each flask (technical replicate). Co-
nidia were considered germinated when the length of their germ tubes were the same size or
longer than the diameter of the conidia. Data were plotted as the percentage of germination
versus time.

Results

The pcz1 gene is downregulated in P. roqueforti carrying the dominant
Gα subunit
As was stated in Introduction, the effects of the Gαi protein on the phenotype of P. roqueforti
could be due to transcriptional changes in effector genes downstream of the Gαi protein.
Therefore, to begin unveiling genes from P. roqueforti that are regulated by Gαi, we performed
SSH experiments (see Materials and methods for details). Among the sequences obtained from
these experiments, a cDNA sequence that was putatively differentially expressed in wild-type
P. roqueforti compared with transformants carrying the dominant Gαi protein (S1 Fig.) drew
our attention. This sequence matched an unnamed ORF from P. roqueforti (Proq08g087160;
[22]) that encodes a putative C6 protein (see below) of unknown function. A scan of the P.
roqueforti genome indicates that only one copy of this ORF is present (data not shown). Be-
cause C6 proteins are exclusive to fungi and have been poorly studied, we decided to character-
ize this gene, for which the name pcz1 (for Penicillium C6 zinc domain protein 1) is proposed.

First, we confirmed that pcz1 was differentially expressed in P. roqueforti CECT 2905 with
respect to the transformants pga5 and pga7, carrying the dominant Gαi protein. Fig. 1 shows
the results of qRT-PCR experiments for this gene in these strains. As can be observed, and
compared with the wild-type strain, pcz1 is downregulated in transformants carrying the domi-
nant Gαi subunit. The transformants pga5 and pga7 showed approximately 12.6- and 5.2- fold
decrease in pcz1 transcripts compared with P. roqueforti CECT 2905. These results suggest that
the active Gαi subunit exerts a repressor effect on the expression of pcz1.

Analysis of Pcz1 deduced protein
pcz1 has previously been annotated and encodes a 790 amino acid protein [22]. BlastP analysis
of the deduced Pcz1 protein reveals the presence of orthologs with high levels of similarity in a
wide range of species of filamentous fungi from the phylum Ascomycota, particularly the clas-
ses Eurotiomycetes, Sordariomycetes, Leotiomycetes and Dothideomycetes (data not shown).

The analysis of Pcz1 reveals that the putative Zn2(II)Cys6 DNA binding domain is at amino
acid positions 393–430. A multiple alignment performed with Pcz1 from P. roqueforti and
orthologues from 81 other fungal species revealed that they share the highly conserved motif
R-K-L-R-A-C-L-R-C-K-F-L-K-K-T-C-D-[KT]-G-[DE]-P-C-[ATGN]-G-C-[QKR]-
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P-S-H-A-R-L-W-[QM]-V-P-C-T, where most of amino acids, including the six key cysteines
(underlined), are fully conserved (S2 Fig.).

RNA-mediated gene-silencing of pcz1
To functionally characterize the role of pcz1, RNA-mediated gene silencing was employed. For
this purpose, P. roqueforti CECT 2905 was transformed with plasmid pC6-RNAi (see Materials
and methods). After transformation, 46 phleomycin-resistant transformants were obtained.
Fifteen of them were randomly selected and subjected to a preliminary screening by RT-PCR
(data not shown). Compared with the wild-type strain, two of these transformants (named M9
and M11) showed dramatic reductions in the levels of pcz1 transcript. To determine the
amount of down-regulation in strains M9 and M11, qRT-PCR analyses were performed
(Fig. 2). The transformants strains M9 and M11 showed approximately 39.4- and 31.4- fold de-
crease in pcz1 transcripts compared with wild-type P. roqueforti. The presence of the full silenc-
ing cassette in these transformants was also confirmed (Fig. 2). Taken together, these data
confirm the successful knockdown of pcz1 in transformants M9 and M11. These transformants
were used for further analysis.

pcz1 silenced transformants show abnormal phenotype
The phenotype of transformants M9 and M11 was observed in several culture media (Fig. 3).
Whereas wild-type P. roqueforti or the strain containing empty pJL43-RNAi vector showed the
typical deep green color associated with normal sporulation, transformants M9 and M11 ap-
peared to be whiter (Fig. 3). This effect can be clearly observed in PDA, CYA, YES and Czapek
media (Fig. 3). In addition, the colonies of these transformants were smaller than the wild-type
strain (Fig. 3). Therefore, the silencing of pcz1 in the transformants altered the normal pheno-
type of P. roqueforti. It should be noted that on PW, PDA and YES media, the transformants
M9 and M11 show slight differences in their phenotypes (Fig. 3). This could be due to different
levels of decrease in pcz1 transcripts in the transformants (see above).

Fig 1. qRT-PCR analysis of the expression of pcz1 in P. roqueforti CECT 2905 (WT) and two strains
(pga7 and pga5) carrying the dominant Gαi allele. The RNA used was extracted as described in Materials
and Methods from strains grown 5 days in CMmedium. See Materials and Methods for other details. Error
bars represent the standard deviation of three replicates in three different experiments. The differences were
considered statistically significant at P< 0.05 (*) by using the Student’s t-test.

doi:10.1371/journal.pone.0120740.g001
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Fig 2. Gene silencing of pcz1 in P. roqueforti. (A) Schematic representation of the full silencing cassette in
plasmid pC6-RNAi. Pgpd and PpcbC represent the convergent promoters from the gpd gene from A.
nidulans and the pcbC gene from P. chrysogenum [14]. The small black arrows represent primers
ConfRNAiFW (5`- GCATGCCATTAACCTAGG-3`) and ConfRNAiRV (5`-ACGGTGGCTGAAGATTC-3`),
which were used to confirm the integration of the full silencing cassette (see panel B). The expected size of
the amplicon containing the full silencing cassette is shown. For simplicity, other elements from the plasmid,
such as phleomycin and ampicillin resistance genes and the bacterial replication origin, were omitted. The
drawing is not to scale. (B) PCR assay demonstrating integration of the full silencing cassette in
transformants M9 and M11 transformed with pC6-RNAi. PCR products were subjected to electrophoresis in
agarose gels. LaneWT: wild type strain P. roquefortiCECT 2905; lane E: P. roqueforti CECT 2905
containing empty pJL43-RNAi vector; lane S: Standard GeneRuler 1 kb DNA Ladder (Fermentas). Relevant
sizes expressed in kb are shown at left. (C) qRT-PCR analysis of the expression of pcz1 in P. roqueforti
CECT 2905 (WT), P. roqueforti CECT 2905 containing empty pJL43-RNAi vector (E) and RNAi-silenced
transformants M9 and M11. RNA was extracted from strains grown 5 days in YESmedium. See Materials
and Methods for other details. Error bars represent the standard deviation of three replicates in three different
experiments. The differences were considered statistically significant at P< 0.05 (*) by using the Student’s t-
test.

doi:10.1371/journal.pone.0120740.g002
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RNA-mediated silencing of pcz1 decreased apical extension in P.
roqueforti
Transformants M9 and M11 showed a reduced rate of growth in all the media tested (Fig. 4).
For example, the rate of growth of transformants M9 and M11 in CYA ranged between 4.56
and 4.80 mm/day, while the wild-type strain showed a rate of approximately 6.96 mm/day
(Fig. 4). A similar behavior was observed in all other media tested. Expressed as a percentage
and depending on the medium, the transformants grew at a rate of between 65.5 and 83% of
the wild-type strain. These results suggest that pcz1 plays a role in the vegetative growth of P.
roqueforti, positively regulating this process.

RNA-mediated silencing of pcz1 strongly repressed conidiation in P.
roqueforti
The silencing of pcz1 in P. roqueforti resulted in a drastic reduction in conidia formation
(Fig. 5). For example, at 3 days of growth, transformants grown in Czapek (a minimal medium)
produced between 5.4% and 9.4% of the number of conidia of the wild-type strain, whereas the
same transformants grown on Power medium (a medium optimized for sporulation) produced

Fig 3. Phenotypes of different strains of P. roqueforti. The colonies were grown for 7 days at 28° C in Czapek (CZ), Power (PW), PDA, CYA, and YES
media. WT: P. roqueforti CECT 2905; M9 and M11: pcz1 silenced transformants; E: P. roquefortiCECT 2905 containing empty pJL43-RNAi vector. Note that
the latter strain was undistinguishable from the wild-type strain.

doi:10.1371/journal.pone.0120740.g003
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up to 11.4% of the conidia produced by the wild-type strain. A similar behavior was observed
at 5 days of growth. At this time, transformants grown on Czapek produced 5.8% and 11.7% of
the number of conidia observed in the wild-type strain, whereas when grown on Power, they
produced up to 19.1% of the conidia produced by the wild-type strain. These results indicate
that the pcz1 allele has a strong and positive role in conidiation.

RNA-mediated silencing of pcz1 decreased the expression of brlA, abaA
andwetA in P. roqueforti
The current model of genetic control of conidiation (mainly based on studies performed in As-
pergillus spp.) involves a network of regulators, which lead to a central conidiation pathway,
composed of the genes brlA, abaA and wetA encoding transcription factors that control sporu-
lation [23]. Because of the severe reduction of conidiation under pcz1 silencing, we quantified
the expression of these genes by qRT-PCR (Fig. 6). Compared with wild-type P. roqueforti,
transformants M9 and M11 showed a drastic reduction of brlA transcripts (6.4- and 6.3-fold
decrease, respectively), abaA transcripts (5.5- and 6.5-fold decrease, respectively), and wetA
transcripts (304- and 67-fold decrease, respectively), suggesting that Pcz1 regulates positively
the expression of conidiation-specific genes.

RNA-mediated silencing of pcz1 promotes conidial germination in P.
roqueforti
In addition to conidiation, pcz1 also demonstrated a role in the control of conidial germination
in P. roqueforti. Fig. 7 shows the germination kinetics of the wild-type strain and the pcz1-si-
lenced transformants. As expected, all strains followed a sigmoidal pattern of conidiation.
However, in the silenced transformants, the germination process was earlier compared with
the wild-type strain. Thus at 10 hours, whereas approximately 16.3% of wild-type conidia had
germinated, 33.5 and 28.4% of conidia from strains M9 and M11 had germinated, respectively.

Fig 4. Apical extension rates (mm/day) of P. roqueforti CECT 2905 (WT) and transformants M9 and
M11. Five different media (Power, Czapek, PDA, CYA and YES) were used. Error bars represent the
standard deviation of three replicates in three different experiments. Apical extension rate of P. roqueforti
containing empty pJL43-RNAi vector was statistically indistinguishable from the wild-type strain (not shown).

doi:10.1371/journal.pone.0120740.g004
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Fig 5. Conidial production of P. roquefortiCECT 2905 (WT) and transformants M9 and M11.Measurements were performed in two different media:
Czapek minimal medium (A) and Power (B), a medium optimized for sporulation. Fungi were grown for 1, 3 and 5 days, and spores were collected as
described in Materials and Methods. Error bars represent the standard deviation of three replicates in three independent experiments. For a clearer
visualization, day 3 is also shown as an inset plot in A and B. Conidial production of P. roqueforti containing empty pJL43-RNAi vector was statistically
indistinguishable from the wild-type strain (not shown).

doi:10.1371/journal.pone.0120740.g005

Fig 6. qRT-PCR analysis of the expression of brlA, abaA andwetA in P. roqueforti CECT 2905 (WT)
and transformants M9 andM11. The strains were grown for 5 days at 28° C in Power medium. Total RNA
extractions and qRT-PCR experiments were done as described in Materials and Methods. Error bars
represent the standard deviation of three replicates in three different experiments. The differences were
considered statistically significant at P< 0.05 (*) by using the Student’s t-test.

doi:10.1371/journal.pone.0120740.g006
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These differences were maintained throughout the exponential phase of germination, and at 12
hours, whereas conidial germination from strains M9 and M11 reached approximately 93.1%,
the percentage of conidial germination of the wild-type strain was approximately 76.9%.

RNA-mediated silencing of pcz1 triggers conidial germination in the
absence of a carbon source
Taking into account the differences observed in germination kinetics, and because conidial ger-
mination is triggered mainly by the presence of a carbon source [24,25], we tested whether the
strains with attenuated pcz1 expression were able to germinate in a medium lacking a carbon
source. Consistently, and for all the times assayed (12 to 48 hours), transformants M9 and M11
showed enhanced conidial germination compared with the wild-type strain. Approximately
12.7% of conidia from transformants were able to germinate after 48 h in minimal Czapek me-
dium lacking a carbon source, whereas at the same time, 3.8% of conidia from the P. roqueforti
wild type strain had germinated (Fig. 7). These results indicate that the attenuation of pcz1 al-
lows germination in the absence of carbon source, suggesting that pcz1 is a negative regulator
of conidial germination, probably intervening in a pathway that senses carbon sources.

Discussion
Penicillium roqueforti is used throughout the world in the production of ripened blue-veined
cheeses, but unlike model fungal organisms (i.e., Aspergillus spp.) or other industrial filamen-
tous fungi (i.e., P. chrysogenum, currently known as P. rubens), the functional characterization
of genes from P. roqueforti using genetics strategies is still in its infancy. Thus, this work is one
of the few examples of functional characterization of a gene in this fungus.

According to the data described in this work, RNA-mediated silencing of pcz1 strongly re-
presses conidiation (Fig. 5) and decreases the expression of brlA, abaA and wetA (Fig. 6). Acti-
vation of brlA is a key step of conidiation. BrlA is a transcription factor that during the middle
stage of conidiation activates abaA, an essential component for differentiation and function of
phialides [23]. Also, BrlA activates wetA during the late phase of conidiation; wetA plays an im-
portant role for the synthesis of spore cell wall [23]. Accordingly, our results suggest that pcz1
stimulates sporulation through the positive regulation of conidiation-specific genes expression
(Fig. 8). Further work is necessary to determine if this is the result of a direct transcriptional
regulation of Pcz1 or of an indirect effect.

Upstream of the conidiation central pathway, there are a group of activators of BrlA (flbB-
flbE), which are in turn negatively regulated by the repressor protein SfgA [5,23]. Interestingly,
SfgA is a C6 protein, but conversely to Pcz1, SfgA is a repressor of conidiation [5]. In A. nidu-
lans, overexpression of sfgA resulted in reduced levels of mRNA of brlA, suggesting that SfgA
inhibits the expression of this gene [5]. Therefore, the opposite roles of SfgA and Pcz1 in coni-
diation can be explained by their opposite roles in the regulation of brlA expression. In addition
to sfgA, three other C6 genes (oefC from A. nidulans and MoCOD1 and MoCOD2 fromMag-
naporthe oryzae) are involved in the control of conidiation [26,27]. However, their exact roles
in the process have not yet been established.

Fig 7. Germination rates of P. roqueforti CECT 2905 (WT) and transformants M9 and M11. (A) Germination kinetics in CM rich medium, represented as
the percentage of germinated conidia vs. hours of incubation. Error bars represent the standard deviation of three replicates in three independent
experiments. When the same experiment was performed in Czapek minimal medium, the same behavior was observed (not shown). (B) Germination in
Czapek minimal medium lacking a carbon source. Percentage of germinated conidia after 12, 24, 36 and 48 hours of incubation is plotted. Error bars
represent the standard deviation of three replicates in three independent experiments. Both in (A) and (B), no differences were observed between the wild-
type strain and P. roqueforti containing empty pJL43-RNAi vector (not shown).

doi:10.1371/journal.pone.0120740.g007
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In Aspergillus, sfgA has also been proposed as a regulator of vegetative growth, and to date,
it is the only C6 gene involved in the control of this process. SfgA negatively regulates FlbA, a
regulator of G-protein signaling (RGS) that stimulates the intrinsic GTPase activity of a Gαi
subunit. Thus, SfgA helps in the promotion of vegetative growth through Gαi signaling in As-
pergillus [23,25]. Interestingly, the attenuation of pcz1 represses vegetative growth in P. roque-
forti (Fig. 4), suggesting that Pcz1 is a positive regulator of this process. This behavior of pcz1

Fig 8. A workingmodel showing developmental processes controlled by pcz1 in P. roqueforti. The model includes the suggested relationship
between pcz1 and the Gαi subunit, and the existence of cAMP-independent and cAMP-dependent pathways related to conidiation. The thickness of the line
indicates the magnitude of the effect. The model includes effects inferred by experimental data from this work and previous results [8,9]. See the main text
for details.

doi:10.1371/journal.pone.0120740.g008
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agrees with the previous description of the role of G-protein signaling (particularly the Gαi
subunit) in P. roqueforti and other fungi, such as P. chrysogenum, Fusarium sporotrichioides
and F. fujikuroi [8,28,29]. In these organisms, and contrary to what has been described in As-
pergillus, Gαi signaling has a negative effect on the apical growth rate. Because the Gαi subunit
downregulates pcz1 in P. roqueforti (Fig. 1), we suggest a model relating both regulators and
their effects on vegetative growth in P. roqueforti (Fig. 8). Regarding the model, we observed
that depending on the culture medium used, the attenuation of the expression of pcz1 results in
approximately 65–83% apical extension rate compared with wild-type P. roqueforti (Fig. 4).
The effect produced by the transformation of P. roqueforti with the dominant active Gαi pro-
tein was previously estimated to be approximately 40–70% of the apical extension rate of the
wild-type strain [8]. Therefore, pcz1may account for all or most of the control of apical exten-
sion rate produced by the dominant active Gαi protein (Fig. 8).

To the best of our knowledge, only one C6 gene has been functionally related to conidial
germination in fungi to date. In M. oryzae, the absence of the MoCOD1 gene severely reduced
the germination rate of its conidia [27], indicating that this C6 gene may be a positive regulator
of conidial germination. In our case, we observed that the attenuation of pcz1 increased the ger-
mination rate of conidia in P. roqueforti (Fig. 7), suggesting that contrary to MoCOD1, pcz1
may be a negative regulator of conidial germination. Importantly, this effect is maintained even
in the absence of a carbon source (Fig. 7). Initiation and completion of germination require the
sensing of external signals, particularly a carbon source, which is usually the signal for conidial
germination [25]. The presence of organic molecules is sensed by a suitable receptor and trans-
mitted through the Gα-cAMP signaling pathway to protein kinase A (PkaA), which phosphor-
ylates target proteins, thus beginning the conidial germination process [25]. Interestingly in a
previous report, it was demonstrated that the Gαi protein has a positive effect on conidial ger-
mination in the absence of a carbon source in P. roqueforti [10], and now we have shown that
Gαi downregulates pcz1 (Fig. 1). Taken together, these results suggest a model where pcz1may
be participating in the Gαi-signaling pathway that senses carbon sources and triggers conidial
germination (Fig. 8). Further work is necessary to validate this suggestion.

Using the data obtained in this work and previously published data [8,9] we propose an in-
tegrated working model of the role of Pcz1 in developmental processes in P. roqueforti (Fig. 8),
whose roles in vegetative growth and conidial germination were discussed above. Another in-
teresting aspect of this model is related to conidiation. In P. roqueforti, Gαi controls conidia-
tion through two pathways: cAMP-dependent and cAMP-independent pathways [9].
Specifically in this fungus, it has been demonstrated that an artificial increase in intracellular
cAMP levels had a minor effect on conidiation (14–20% reduction of conidiation) compared
with the effect produced by transformation with the dominant active Gαi protein (>99% re-
duction of conidiation; [9]). Therefore, in P. roqueforti, the repression of conidiation by Gαi is
mainly (approximately 80%) through the cAMP-independent pathway [9]. Interestingly, and
depending on the transformant and medium used, the attenuation of pcz1 resulted in 80–94%
less conidiation than in the parental strain (Fig. 5), which matches well with the magnitude of
the expected impact of the cAMP-independent pathway. Therefore, and although further con-
firmatory experiments are necessary, it seems very probable that pcz1may be part of the
cAMP-independent pathway that controls conidiation (Fig. 8). The same dual control of coni-
diation by Gαi through cAMP-dependent and cAMP-independent pathways has been ob-
served in A. nidulans and P. chrysogenum [9,30]. In this context, it will be interesting to analyze
the role of the orthologues of pcz1 in these fungi in the future.
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Supporting Information
S1 Fig. Dot blot assay showing the differential expression of pcz1 in a subtractive library.
The dot blot assay was carried out as described in Klagges et al. [20]. Briefly, the same nylon
membrane containing purified plasmids from selected clones was hybridized with subtracted
cDNA from wild-type P. roqueforti (A) or subtracted cDNA from P. roqueforti pga7 (B). Those
clones harboring putative differentially expressed cDNAs in the wild-type strain should hy-
bridize only to A. Numbers in red are nomenclature of the clones. Clone 321 was differentially
expressed in the wild-type strain (highlighted in the red box) and contains pcz1 cDNA. C+:
Positive control for hybridization.
(TIF)

S2 Fig. Multiple alignment of Pcz1 and its orthologues from 81 fungal species from the
phylum Ascomycota. Alignment was performed with Clustal Omega using default parameters.
Full sequences were aligned, but only the region spanning the Zn(II)2Cys6 DNA binding do-
main is shown. Asterisks indicate fully conserved residues. The six key conserved cysteines are
shown in blue. Sequence belonging to Pcz1 is bolded and underlined. At the left, the name of
each organism and the Genbank accession number for each sequence is indicated. The names
of some fungi are abbreviated:M. anisopliae:Metarhizium anisopliae; S. chlorohalonata: Sta-
chybotrys chlorohalonata; P. destructans: Pseudogymnoascus destructans; S. sclerotiorum: Scler-
otinia sclerotiorum;M. thermophila:Myceliophthora thermophila; L.maculans: Leptosphaeria
maculans; C. apollinis: Coniosporium apollinis; B. compniacensis: Baudoinia compniacensis; C.
psammophila: Cladophialophora psammophila; T. stipitatus: Talaromyces stipitatus; P. brasi-
liensis: Paracoccidioides brasiliensis; C. posadasii: Coccidioides posadasii; T. interdigitale: Tri-
chophyton interdigitale; T. verrucosum: Trichophyton verrucosum; C. yegresii:
Cladophialophora yegresii; C. carrionii: Cladophialophora carrionii; P. fijiensis: Pseudocercos-
pora fijiensis.
(DOCX)

S1 Table. Primers used in qRT-PCR experiments.
(DOCX)

S2 Table. Correlation coefficient (R2), slope and efficiency of calibration curves obtained
for the genes analyzed by qRT-PCR.
(DOCX)

Acknowledgments
The authors are grateful to Dr. Juan F. Martín (Inbiotec, Spain) for supplying plasmid pJL43-
RNAi. R.O. G.-R. thanks the University of Pamplona and the Microbiology and Biotechnology
Research Group (GIMBIO) for their support.

Author Contributions
Conceived and designed the experiments: RC ROGR IV. Performed the experiments: CGD
JFRA EM SV. Analyzed the data: RC ROGR IV GL. Contributed reagents/materials/analysis
tools: RC IV GL. Wrote the paper: RC ROGR IV.

References
1. MacPherson S, Larochelle M, Turcotte B. A fungal family of transcriptional regulators: the zinc cluster

proteins. Microbiol Mol Biol Rev. 2006, 70: 583–604. PMID: 16959962

A Novel Zn(II)2Cys6-Encoding Gene Involved in Fungal Development

PLOS ONE | DOI:10.1371/journal.pone.0120740 March 26, 2015 15 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120740.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120740.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120740.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120740.s004
http://www.ncbi.nlm.nih.gov/pubmed/16959962


2. Chang PK, Ehlrich KC. Genome-wide analysis of the Zn(II)2Cys6 zinc cluster-encoding gene family in
Aspergillus flavus. Appl Microbiol Biotechnol. 2013; 97: 4289–4300. doi: 10.1007/s00253-013-4865-2
PMID: 23563886

3. Pan T, Coleman JE. GAL4 transcription factor is not a "zinc finger" but forms a Zn(II)2Cys6 binuclear
cluster. Proc Natl Acad Sci USA. 1990; 87: 2077–2081. PMID: 2107541

4. Yabe K, Nakajima H. Enzyme reactions and genes in aflatoxin biosynthesis. Appl Microbiol Biotechnol.
2004; 64: 745–755. PMID: 15022028

5. Seo JA, Guan Y, Yu JH. FluG-dependent asexual development in Aspergillus nidulans occurs via dere-
pression. Genetics. 2006; 172: 1535–1544. PMID: 16387865

6. Cánovas D, Andrianopoulos A. Developmental regulation of the glyoxylate cycle in the human patho-
gen Penicilliummarneffei. Mol Microbiol. 2006; 62: 1725–1738. PMID: 17427290

7. Baba S, Abe Y, Ono C, Hosobuchi M. Targeted disruption of the genes,mlcR and ariB, which encode
GAL4-type proteins in Penicillium citrinum. Biochim Biophys Acta. 2006; 1759: 410–416. PMID:
16982102

8. García-Rico RO, Martín JF, Fierro F. The pga1 gene of Penicillium chrysogenum NRRL 1951 encodes
a heterotrimeric G protein alpha subunit that controls growth and development. Res Microbiol. 2007;
158: 437–446. PMID: 17467244

9. García-Rico RO, Fierro F, Martín JF. Heterotrimeric Gα protein Pga1 of Penicillium chrysogenum con-
trols conidiation mainly by a cAMP-independent mechanism. Biochem Cell Biol. 2008; 86: 57–69. doi:
10.1139/o07-148 PMID: 18364746

10. García-Rico RO, Chávez R, Martín JF, Fierro F. Effect of a heterotrimeric G protein α subunit on conidia
germination, stress response, and roquefortine C production in Penicillium roqueforti. Int Microbiol.
2009; 12: 123–129. PMID: 19784932

11. McCudden CR, Hains MD, Kimple RJ, Siderovski DP, Willard FS. G-protein signaling: back to the fu-
ture. Cell Mol Life Sci. 2005; 62: 551–577. PMID: 15747061

12. Yu JH, Wieser J, Adams TH. The Aspergillus FlbA RGS domain protein antagonizes G protein signaling
to block proliferation and allow development. EMBO J. 1996; 15: 5184–5190. PMID: 8895563

13. Fierro F, Montenegro E, Gutiérrez S, Martín JF. Mutants blocked in penicillin biosynthesis show a dele-
tion of the entire penicillin gene cluster at a specific site within a conserved hexanucleotide sequence.
Appl Microbiol Biotechnol. 1996; 44: 597–604. PMID: 8703430

14. Ullán RV, Godio RP, Teijeira F, Vaca I, García-Estrada C, Feltrer R, et al. RNA-silencing in Penicillium
chrysogenum and Acremonium chrysogenum: validation studies using β-lactam genes expression. J
Microbiol Methods. 2008; 75: 209–218. doi: 10.1016/j.mimet.2008.06.001 PMID: 18590779

15. Hidalgo PI, Ullán RV, Albillos SM, Montero O, Fernández-Bodega MA, García-Estrada C, et al. Molecu-
lar characterization of the PR-toxin gene cluster in Penicillium roqueforti and Penicillium chrysogenum:
cross talk of secondary metabolite pathways. Fungal Genet Biol. 2014; 62: 11–24. doi: 10.1016/j.fgb.
2013.10.009 PMID: 24239699

16. Chávez R, Roa A, Navarrete K, Trebotich J, Espinosa Y, Vaca I. Evaluation of properties of several
cheese-ripening fungi for potential biotechnological applications. Mycoscience. 2010; 51: 84–87.

17. Bainbridge BW, Spreadbury CL, Scalise FG, Cohen J. Improved methods for the preparation of high
molecular weight DNA from large and small scale cultures of filamentous fungi. FEMSMicrobiol Lett.
1990; 54: 113–117. PMID: 2323536

18. Ravanal MC, Espinosa Y, Rosa L, Vaca I, Polanco R, Eyzaguirre J, et al. Glucose-induced production
of a Penicillium purpurogenum xylanase by Aspergillus nidulans. Mycoscience. 2012; 53: 152–155.

19. Díaz R, Sapag A, Peirano A, Steiner J, Eyzaguirre J. Cloning, sequencing and expression of the cDNA
of endoxylanase B from Penicillium purpurogenum. Gene. 1997; 187: 247–251. PMID: 9099888

20. Klagges C, Mardones W, Eyzaguirre J. Differential expression of genes from Penicillium purpuro-
genum when grown on sugar beet pulp and glucose as carbon sources. Mycology. 2012; 3: 109–118.

21. Ivey FD, Hodge PN, Turner GE, Borkovich KA. The Gαi homologue gna-1 controls multiple differentia-
tion pathways inNeurospora crassa. Mol Biol Cell. 1996; 7: 1283–1297. PMID: 8856670

22. Cheeseman K, Ropars J, Renault P, Dupont J, Gouzy J, Branca A, et al. Multiple recent horizontal
transfers of a large genomic region in cheese making fungi. Nat Commun. 2014; 5: 2876. doi: 10.1038/
ncomms3876 PMID: 24407037

23. Park HS, Yu JH. Genetic control of asexual sporulation in filamentous fungi. Curr Opin Microbiol. 2012;
15: 669–677. doi: 10.1016/j.mib.2012.09.006 PMID: 23092920

24. d’Enfert C. Fungal spore germination: insights from the molecular genetics of Aspergillus nidulans and
Neurospora crassa. Fungal Genet Biol. 1997; 21: 163–172.

A Novel Zn(II)2Cys6-Encoding Gene Involved in Fungal Development

PLOS ONE | DOI:10.1371/journal.pone.0120740 March 26, 2015 16 / 17

http://dx.doi.org/10.1007/s00253-013-4865-2
http://www.ncbi.nlm.nih.gov/pubmed/23563886
http://www.ncbi.nlm.nih.gov/pubmed/2107541
http://www.ncbi.nlm.nih.gov/pubmed/15022028
http://www.ncbi.nlm.nih.gov/pubmed/16387865
http://www.ncbi.nlm.nih.gov/pubmed/17427290
http://www.ncbi.nlm.nih.gov/pubmed/16982102
http://www.ncbi.nlm.nih.gov/pubmed/17467244
http://dx.doi.org/10.1139/o07-148
http://www.ncbi.nlm.nih.gov/pubmed/18364746
http://www.ncbi.nlm.nih.gov/pubmed/19784932
http://www.ncbi.nlm.nih.gov/pubmed/15747061
http://www.ncbi.nlm.nih.gov/pubmed/8895563
http://www.ncbi.nlm.nih.gov/pubmed/8703430
http://dx.doi.org/10.1016/j.mimet.2008.06.001
http://www.ncbi.nlm.nih.gov/pubmed/18590779
http://dx.doi.org/10.1016/j.fgb.2013.10.009
http://dx.doi.org/10.1016/j.fgb.2013.10.009
http://www.ncbi.nlm.nih.gov/pubmed/24239699
http://www.ncbi.nlm.nih.gov/pubmed/2323536
http://www.ncbi.nlm.nih.gov/pubmed/9099888
http://www.ncbi.nlm.nih.gov/pubmed/8856670
http://dx.doi.org/10.1038/ncomms3876
http://dx.doi.org/10.1038/ncomms3876
http://www.ncbi.nlm.nih.gov/pubmed/24407037
http://dx.doi.org/10.1016/j.mib.2012.09.006
http://www.ncbi.nlm.nih.gov/pubmed/23092920


25. Krijgsheld P, Bleichrodt R, van Veluw GJ, Wang F, Müller WH, Dijksterhuis J, et al. Development in As-
pergillus. Stud Mycol. 2013; 74: 1–29. doi: 10.3114/sim0006 PMID: 23450714

26. Lee BY, Han SY, Choi HG, Kim JH, Han KH, Han DM. Screening of growth- or development-related
genes by using genomic library with inducible promoter in Aspergillus nidulans. J Microbiol. 2005; 43:
523–528. PMID: 16410769

27. Chung H, Choi J, Park SY, Jeon J, Lee YH. Two conidiation-related Zn(II)2Cys6 transcription factor
genes in the rice blast fungus. Fungal Genet Biol. 2013; 61: 133–141. doi: 10.1016/j.fgb.2013.10.004
PMID: 24140150

28. Tag A, Hicks J, Garifullina G, Ake C Jr, Phillips TD, Beremand M, et al. G protein signalling mediates dif-
ferential production of toxic secondary metabolites. Mol Microbiol. 2000; 38: 658–665. PMID:
11069688

29. Studt L, Humpf HU, Tudzynski B. Signaling governed by G proteins and cAMP is crucial for growth, sec-
ondary metabolism and sexual development in Fusarium fujikuroi. PLoS One. 2013; 8: e58185. doi: 10.
1371/journal.pone.0058185 PMID: 23469152

30. Shimizu K, Keller NP. Genetic involvement of a cAMP-dependent protein kinase in a G protein signaling
pathway regulating morphological and chemical transitions in Aspergillus nidulans. Genetics. 2001;
157: 591–600. PMID: 11156981

A Novel Zn(II)2Cys6-Encoding Gene Involved in Fungal Development

PLOS ONE | DOI:10.1371/journal.pone.0120740 March 26, 2015 17 / 17

http://dx.doi.org/10.3114/sim0006
http://www.ncbi.nlm.nih.gov/pubmed/23450714
http://www.ncbi.nlm.nih.gov/pubmed/16410769
http://dx.doi.org/10.1016/j.fgb.2013.10.004
http://www.ncbi.nlm.nih.gov/pubmed/24140150
http://www.ncbi.nlm.nih.gov/pubmed/11069688
http://dx.doi.org/10.1371/journal.pone.0058185
http://dx.doi.org/10.1371/journal.pone.0058185
http://www.ncbi.nlm.nih.gov/pubmed/23469152
http://www.ncbi.nlm.nih.gov/pubmed/11156981


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


