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The deep red state of photosystem II in Cyanidioschyzon merolae
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Abstract

We identified and characterised the deep red state (DRS), an optically-absorbing charge transfer state of PSII, which lies
at lower energy than P680, in the red algae Cyanidioschyzon merolae by means of low temperature absorption and
magnetic circular dichroism spectroscopies. The photoactive DRS has been previously studied in PSII of the higher plant
Spinacia oleracea, and in the cyanobacterium Thermosynechococcus vulcanus. We found the DRS in PSII of C. merolae
has similar spectral properties. Treatment of PSII with dithionite leads to reduction of cytochrome (cyt) bsso and the Psb V-
based cyt ¢ss0 as well as the disassembly of the oxygen-evolving complex. Whereas the overall visible absorption spectrum
of PSII was little affected, the DRS absorption in the reduced sample was no longer seen. This bleaching of the DRS is

discussed in terms of a corresponding lack of a DRS feature in D1D2/cyt bsso reaction centre preparations of PSII.

Additional key words: optical spectra; photosynthesis.

The splitting of water in nature is catalysed by the PSII
enzyme. Light absorption is followed by transfer of
excitation energy to the reaction centre (RC) of PSII,
which induces charge separation and the creation of the
powerful oxidant P680™". The oxidation of two molecules
of water to molecular oxygen occurs through a step-wise
oxidation of the oxygen-evolving complex (OEC) via a
redox active tyrosine residue (Tyrz). After four oxidation
events, the OEC extracts four electrons from two molecules
of water, releasing molecular oxygen whilst returning the
OEC to its least oxidised configuration. The catalytic cycle
of PSII is described in terms of a series of intermediate (S;)
states, where the subscript i denotes the number of stored
oxidising equivalents. The process is considered to be very
similar in all oxygenic photosynthetic organisms.

Great strides have been made in a broad range of
studies on PSII, with the emphasis often being on the OEC.

The clear goal is the elucidation of the detailed mechanism
of water oxidation (Shen 2015), which will enable the
development of artificial water-splitting catalysts. Many
recent studies have concentrated on the prokaryotic
thermophile 7. vulcanus and its close relative 7. elongatus.
The structure of 7. vulcanus has been determined to atomic
(1.9 A) resolution (Umena et al. 2011, Suga et al. 2015).
The only eukaryotic PSII for which a crystal structure
has been obtained (Adachi et al. 2009, Ago et al. 2016) is
the red algae Cyanidium caldarium. This structure has
lower (2.76 A) resolution than that of 7. vulcanus, yet is
clear in showing the organisation of PSII to be largely
conserved between the two organisms. Red algae appear
to be unique in containing a protein subunit PsbQ’ which
has low homology to the PsbQ subunit found in higher
plants (Enami et al. 2008, Ifuku 2015). The water
exchange kinetics of the OEC in C. merolae, which is
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closely related to Cyanidium caldarium, have been shown
to be significantly different from those of other studied
organisms (Nilsson et al. 2014) and point to significant
(but perhaps minor) differences in the mechanism of water
oxidation in OEC in red algae.

The RC present in PSII core complexes derived from
S. oleracea and T. vulcanus exhibits a broad, relatively
weak absorption feature that extends to 730 nm at 2 K
(Hughes et al. 2006, Morton et al. 2014, Morton et al.
2015). Low temperature illumination of this DRS of PSII,
at wavelengths longer than 700 nm, leads to charge
separation and secondary donor formation in a majority of
PSII centres. The absorption band is attributed to an
optically accessible charge transfer state of the special pair
Ppi—Pp2, and provides an alternative charge separation
mechanism to the Chlp; based P680 process. The DRS also
exhibits broad emission, peaking at 780 nm, in both
S. oleracea and T. vulcanus (Morton et al. 2014). The OEC
of PSII possesses weak absorption in the 700-900 nm
spectral range and thus overlaps with absorption of the
DRS. The OEC of T. vulcanus has been found to exhibit
well structured and distinct magnetic circular dichroism
(MCD) in the S;, S, and S; states attributable to Mn(I'V)
spin flip “A—2E absorption in MnsCaOs catalytic cluster
of the OEC (Morton ef al. 2015, Morton et al. 2017).

Parallel to the initial discovery of the low temperature
spectral characteristics of the DRS were experiments made
on plant leaves of Helianthus annuus and Phaseolus
vulgaris at room temperature, which showed that oxygenic
photosynthesis could occur using light with wavelengths
as long as 780 nm (Pettai ez al. 2005). The existence of a
similar low-energy, optically accessible charge transfer
state has also been demonstrated in PSI (Schlodder 2014,
Morton 2015). The varied phenomenologies of low energy
states in photosynthesis is of significant current interest
(Reimers et al. 2016).

PSII from C. merolae was prepared using methods
previously described (Adachi ef al. 2009, Ago et al. 2016)
and measured on a laboratory-constructed spectrometer
system, which has the important advantage of being able
to measure simultaneous absorption and MCD spectra at
cryogenic temperatures with high sensitivity and precision
(Krausz 2013). Samples were prepared to possess either a
high or a low optical density (OD) by mixing PSII cores of
different concentration with a 45% (v/v) glycol/glycerol
(1:1, v/v) glassing medium. High OD samples were
prepared using ~3.3 mg(Chl @) ml™ concentration and
were measured in a 1-mm path length hydrophobic cell.
Low OD samples were prepared using either ~3.3 or
~0.18 mg(Chl a) mI"! and measured in a 0.07-mm path
length or a I-mm path length hydrophobic cell,
respectively. These were loaded and handled in low light
before being dark-adapted for 5 min and subsequently
cooled to 4 K over a ~1 min period. Absorption and MCD
spectra were recorded at 1.8 K and 40 K. Measurements
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were also made on dithionite-reduced samples for which
5 ul of a ~22 mg(dithionite) ml™! was added to 54 ul of
cryoprotectant solution immediately before the addition of
PSII cores.

Low-temperature  photo-illumination  experiments
were also performed. For these experiments, very low
measurement light fluences were used, ensuring that the
absorption spectra recorded before and after illumination
of the sample with intense green light were not affected by
the measurement light itself. Full details of the protocols
used are described by Hughes ef al. (2006). These non-
actinic measurements enable precise identification of the
Pheop; Qx absorption, which undergoes a strong electro-
chromic shift (historically called the ‘C550” shift) (Butler
and Okayama 1971). Upon photo-illumination a range of
other shifts and bleaches associated with the reduction of
the plastoquinone Qa to its anion (Qa") and the creation of
a secondary donor occur (Hughes et al. 2010). This
secondary donor may be a Chl a, a reduced cyt bsso or a
carotenoid in the RC.

The absorption changes seen upon photo-illumination
shown in Fig. 1 (central thin grey line) are very well
resolved and parallel corresponding measurements made
on PSILin S. oleracea and T. elongatus (Krausz et al. 2005,
Hughes et al. 2010). The observed highly structured
features enable immediate identification of the Pheop; Qx
transition at 547.5 nm and the Chlp; Q, exciton at
684.2 nm by means of their distinctive electrochromic
shifts (Hughes et al. 2008). These shifts are induced by
illumination of the low temperature sample, which causes
charge separation and subsequent metastable Qa~
formation. The fine structure seen in the 600-670 nm
region is due to the vibrational sideband structure built
upon the Chlp; shift.

Dithionite treatment of a PSII preparation is a well-
established method of Q4 and cyt reduction (Cox et al.
2009). In addition, the dithionite treatment causes the
disassembly of the CaMn4Os cluster of the OEC. The
dithionite reduction of Qa in C. merolae PSII was con-
firmed by absorption changes observed in the Qy region,
which mimic those induced by photo-illumination (Fig. 1).
The reduced forms of cyt bsso and cyt c¢sso absorb in the
550 nm region where pheophytin Qy excitations of Pheop;
and Pheop; also occur. In the dithionite-treated sample, the
Pheop: Qx transition was in its electrochromically-shifted
position, creating a rather congested spectrum in the 550
nm region. In the corresponding MCD spectrum, both
reduced cyts give rise to MCD A-terms. An A-term MCD
feature has the shape of the derivative of the absorption
profile of the band inducing the MCD (Piepho and Schatz
1983). The pair of A-terms derived from reduced cyt
absorptions is clearly seen in Fig. 1 in this region. These
enable an assignment of cyt bssg to 554.5 nm and cyt ¢sso
to 545.7 nm, providing better precision than previous room
temperature measurements (Krupnik ef al. 2013).
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Fig. 1. Absorption (lower, left hand scale) and MCD (upper, right hand scale) of PSII cores derived from C. merolae. Black traces show
dithionite-treated samples, whilst grey traces are samples not treated with dithionite. The absorption spectrum measured in the region
between 440—730 nm was measured using a low OD sample, whilst the two detailed spectra between 520-590 nm and 690-750 nm
were measured in a high OD sample (see text for definitions of the low and high OD). MCD were taken in an applied field of 5 T. MCD
of the cyt region around 550 nm was performed on a low OD sample. MCD of the DRS was measured with a high OD sample. The
central thin grey trace shows the change in absorption (scale indicated) upon illumination with green light with fluence of ~1 mW cm™
2 for a period of 5 min at 1.8 K. All spectra shown are at 1.8 K except for the non-dithionite-treated DRS MCD for which spectra at

both 1.8 K and 40 K were measured as indicated.

Absorption and MCD spectra of the nonreduced
sample in the post 700 nm region revealed the broad, weak
absorption characteristic of the DRS as seen in S. oleracea
and 7. vulcanus. The DRS in C. merolae has g ~4,000 M
cm ! at 702 nm, while the MCD has Ag of ~13 M ' cm ! at
5 T which is similar to the values of other organisms
previously studied (Krausz et al. 2005, Morton et al.
2015), although the tail seems to extend further to the red
in C. merolae. Thus, the DRS has similar absorption and
MCD properties in higher-plants, cyanobacteria, and
algae. Its function in PSII, if any, is not yet known.
Significantly, treatment of the sample with dithionite
removed the characteristic absorption of the DRS in the
700-730 nm region, as shown in Fig. 1.

The MCD of the DRS in the untreated sample shown
in Fig. 1 was taken at 1.8 K and 40 K. Between 20 K and
40 K, the MCD in the near infrared region is dominantly
temperature independent, as expected for the DRS. By
contrast, MCD spectra of this region measured at 1.8 K to
20 K in C. merolae exhibited a strong negatively signed
and markedly temperature-dependent MCD. This
temperature-dependent signal was absent in the dithionite-
treated sample. The MCD of the dithionite-treated sample
shown in Fig. 1 was taken at 1.8 K. We attribute the
temperature-dependent signal seen in the 700-850 nm
region to most likely a cyt-based MCD, which is not
present in S. oleracea or T. vulcanus. This temperature-
dependent MCD is too intense to be associated with d—d
transitions in the MnyCaOs cluster (Morton et al. 2014).
Spectroscopic measurements of PsbV isolated from
C. merolae and of PSII in which the Mn4CaOs cluster has
been removed would help clarify this matter and are

currently being pursued. The opportunity also exists to
search for ~780 nm fluorescence from the C. merolae
DRS. A broad emission from the DRS has been identified
in both S. oleracea and T. vulcanus (Morton et al. 2014).

The disappearance of the DRS state of C. merolae upon
dithionite reduction may be attributed to its charge transfer
characteristic. The excitation energy of an optically-
allowed charge transfer state is exquisitely sensitive to its
dielectric environment. An indication of the extreme
sensitivity of the DRS to changes in PSII is the drop in
intensity of the DRS of 30% upon (photo-illumination
induced) Qa~ formation (Hughes ef al. 2007). It has also
been noted (Krausz et al. 2008) that isolated RCs (Nanba
and Satoh 1987) of PSII D1D2/cyt bssy — which are
stripped of proximal antennae CP43 and CP47, and have
no Qa or redox-active Tyrz; — show no equivalent DRS in
either their RC-6 form (which contains 6 Chl a) or RC-5
form (in which a ChlZ is removed). The Chl a Q
absorptions of the isolated RCs are blue-shifted compared
to those seen in intact PSII. Accordingly, any DRS
equivalent to that seen in functional PSII should be easily
visible. It is likely that the removal of PsbQ’, and Qa
reduction conspire to produce a significant shift of the
DRS to a higher energy, and thus into a spectral region
where it is not easily seen amongst the more intense Qy
absorptions of Chl a in PSII core complexes. Another
possibility is that dithionite reduction leads to sufficient
disruption to the PSII protein so that the electronic overlap
of the special pair Pp;—Pp; is diminished to a point where
the optical intensity of the charge transfer state involving
these two Chl a molecules becomes inhibited.
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We have shown that the DRS, i.e. the lowest energy
state of the RC of PSII in the (red algae) C. merolae, has
properties entirely analogous to those previously seen for
the DRS in (plant) S. oleracea and (cyanobacterium)
T. vulcanus. The DRS was confirmed to be a universal
characteristic of functional (i.e. oxygen-evolving) PSII.
Dithionite treatment of PSII in C. merolae led to a dramatic
reduction in the intensity of DRS absorption in the
700-730 nm range, drawing comparisons to the lack of

References

Adachi H., Umena Y., Enami 1. et al.: Towards structural
clucidation of ecukaryotic photosystem II: Purification,
crystallization and preliminary X-ray diffraction analysis of
photosystem II from a red alga. — BBA-Bioenergetics 1787:
121-128, 2009.

Ago H., Adachi H., Umena Y. et al.: Novel features of eukaryotic
photosystem Il revealed by its crystal structure analysis from a
red alga. — J. Biol. Chem. 291: 5676-5687, 2016.

Butler W.L., Okayama S.: The photoreduction of C-550 in
chloroplasts and its inhibition by lipase. — BBA-Bioenergetics
245: 237-239, 1971.

Cox N., Hughes J.L., Steffen R. ef al.: Identification of the Qy
excitation of the primary electron acceptor of photosystem II:
CD determination of its coupling environment. — J. Phys.
Chem. B 113: 12364-12374, 2009.

Enami 1., Okumura A., Nagao R. et al.: Structures and functions
of the extrinsic proteins of photosystem II from different
species. — Photosynth. Res. 98: 349-363, 2008.

Hughes J.L., Cox N., Rutherford A.W. et al.: D1 protein variants
in Photosystem II from Thermosynechococcus elongatus
studied by low temperature optical spectroscopy. — BBA-
Bioenergetics 1797: 11-19, 2010.

Hughes J.L., Rutherford A.W., Sugiura M. et al.: Quantum
efficiency distributions of photo-induced side-pathway donor
oxidation at cryogenic temperature in photosystem II. —
Photosynth. Res. 98: 199-206, 2008.

Hughes J.L., Smith P., Pace R. et al.: Charge separation in
photosystem II core complexes induced by 690-730 nm
excitation at 1.7 K. — BBA-Bioenergetics 1757: 841-851, 2006.

Hughes J.L., Smith P.J., Pace R.J. et al.: Low energy absorption
and luminescence of higher plant photosystem II core samples.
—J. Lumin. 122-123: 284-287, 2007.

Ifuku K.: Localization and functional characterization of the
extrinsic subunits of photosystem II: an update. — Biosci.
Biotech. Bioch. 79: 1223-1231, 2015.

Krausz E.: Selective and differential optical spectroscopies in
photosynthesis. — Photosynth. Res. 116: 411-426, 2013.

Krausz E., Cox N., Arskold S.P.: Spectral characteristics of PS 11
reaction centres: as isolated preparations and when integral to
PS 1I core complexes. — Photosynth. Res. 98: 207-217, 2008.

Krausz E., Hughes J.L., Smith P. et al: Oxygen-evolving
photosystem II core complexes: A new paradigm based on the
spectral identification of the charge-separating state, the
primary acceptor and assignment of low-temperature
fluorescence. — Photoch. Photobio. Sci. 4: 744-753, 2005.

Krupnik T., Kotabova E., van Bezouwen L.S. ef al.: A reaction

278

DRS absorption in (nonfunctional) D1D2/cyt bss9 PSII
preparations. The utility of precision low-temperature
absorption, absorption difference, and MCD spectro-
scopies is highlighted as being able to make assignments
in spectrally congested regions. The Qx absorptions of
pheophytins become distinguishable from overlapping cyt
features near 550 nm and the DRS from Qy, MnsCaOs
based and cyt absorptions in the 700-900 nm region.

center-dependent photoprotection mechanism in a highly
robust photosystem II from an extremophilic red alga,
Cyanidioschyzon merolae. — J. Biol. Chem. 288: 23529-23542,
2013.

Morton J., Akita F., Nakajima Y. et al.: Optical identification of
the long-wavelength (700-1700 nm) electronic excitations of
the native reaction centre, Mn4CaOs cluster and cytochromes
of photosystem II in plants and cyanobacteria. — BBA-
Bioenergetics 1847: 153-161, 2015.

Morton J., Hall J., Smith P. et al.: Determination of the PS I
content of PS II core preparations using selective emission: A
new emission of PS II at 780 nm. — BBA-Bioenergetics 1837:
167-177, 2014.

Morton J., Chrysina M., Craig V. et al.: Structured Near-Infrared
Magnetic Circular Dichroism spectra of the MnsCaOs cluster
of PS Il in T. vulcanus are dominated by Mn(IV) d-d 'spin-flip'
transitions. — BBA-Bioenergetics 1859: 88-98, 2018.

Nanba O., Satoh K.: Isolation of a Photosystem II reaction center
consisting of D-1 and D-2 polypeptides and cytochrome 5-559.
—P. Natl. Acad. Sci. USA 84: 109-112, 1987.

Nilsson H., Krupnik T., Kargul J. ef al.: Substrate water exchange
in photosystem II core complexes of the extremophilic red alga
Cyanidioschyzon merolae. — BBA-Bioenergetics 1837: 1257-
1262, 2014.

Pettai H., Oja V., Freiberg A. et al.: Photosynthetic activity of
far-red light in green plants. — BBA-Bioenergetics 1708: 311-
321, 2005.

Piepho S.B., Schatz P.N.: Group Theory in Spectroscopy with
Applications to Magnetic Circular Dichroism. Wiley-Inter-
science, New York, Chichester, Brisbane, Toronto, Singapore
1983.

Reimers J.R., Biczysko M., Bruce D. et al.: Challenges facing an
understanding of the nature of low-energy excited states in
photosynthesis. — BBA-Bioenergetics 1857: 1627-1640, 2016.

Schlodder E., Lendzian F., Meyer J. et al.: Long-wavelength
limit of photochemical energy conversion in photosystem 1. —
J. Am. Chem. Soc. 136: 3904-3918, 2014.

Shen J.R.: The structure of photosystem II and the mechanism of
water oxidation in photosynthesis. — Annu. Rev. Plant Biol. 66:
23-48, 2015.

Suga M., Akita F., Hirata K. e al.: Native structure of photo-
system II at 1.95 A resolution viewed by femtosecond X-ray
pulses. — Nature 517: 99-103, 2015.

Umena Y., Kawakami K., Shen J.-R. et al.: Crystal structure of
oxygen-evolving photosystem II at a resolution of 1.9 A. —
Nature 473: 55-60, 2011.




<<
  /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 false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /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.)
    /CZE <>
  >>
  /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




