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Abstract A method based on the Carr-Purcell-Meiboom-
Gill relaxation dispersion experiment is presented for
measuring the temperature coefficients of amide proton
chemical shifts of low populated ‘invisible’ protein states
that exchange with a ‘visible’ ground state on the milli-
second time-scale. The utility of the approach is demon-
strated with an application to an 158D mutant of the Pfl6
Cro protein that undergoes exchange between the native,
folded state and a cold denatured, unfolded conformational
ensemble that is populated at a level of 6% at 2.5°C.
A wide distribution of amide temperature coefficients is
measured for the unfolded state. The distribution is cen-
tered about —5.6 ppb/K, consistent with an absence of
intra-molecular hydrogen bonds, on average. However, the
large range of values (standard deviation of 2.1 ppb/K)
strongly supports the notion that the unfolded state of the
protein is not a true random coil polypeptide chain.
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Proteins are not rigid molecules. Often they undergo sig-
nificant conformational fluctuations leading to transiently
populated sub-states that may be critically important for
function (Boehr et al. 2006; Henzler-Wildman et al. 2007;
Ishima et al. 1999; Karplus and Kuriyan 2005). These
dynamics, involving the inter-conversion of a ground (G),
highly populated state and at least one low-populated,
excited state (E) are invisible to most standard structural
biology techniques (Palmer et al. 2001). Yet so long as the
exchange processes involve states with lifetimes on the order
of 0.5-5 ms, a highly populated ground state and excited
state fractional populations in excess of approximately 0.5%
they can be studied in some detail (Korzhnev and Kay 2008;
Palmer et al. 2001) using Carr-Purcell-Meiboom-Gill
(CPMQ) relaxation dispersion NMR spectroscopy (Carr and
Purcell 1954; Meiboom and Gill 1958). These experiments
quantify transverse relaxation rates of NMR probes attached
to the visible ground state conformer as a function of the
spacing between successive refocusing pulses applied as a
pulse train. Using suitably labeled samples and recently
developed pulse schemes it is possible to measure '°N, '*C%,
B¢k, 13co, 'HY, 'H” chemical shifts (Hansen et al. 2008;
Ishima et al. 2004; Loria et al. 1999; Lundstrom et al. 2008;
Lundstrom et al. 2009; Lundstrom and Kay 2009; Tollinger
et al. 2001), '"H and *C methyl shifts (Baldwin et al. 2010;
Lundstrom et al. 2007) as well as anisotropic interactions
such as residual dipolar couplings (Vallurupalli et al. 2007)
and chemical shift anisotropies (Vallurupalli et al. 2008a) of
excited state conformers that together form the basis for
structure determination of these excited states (Korzhnev
et al. 2010; Vallurupalli et al. 2008b).
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One parameter that has not being exploited to date in
studies of excited states is the amide proton temperature

coefficient, Adyy /AT, that is sensitive to hydrogen bonding
in proteins (Baxter and Williamson 1997; Dyson et al.
1988). Studies of folded proteins for which high resolution
crystal structures are available establish that in over 90% of
cases for which Adyy/AT> —4.6 ppb/K the amide in
question participates in an intra-molecular hydrogen bond
(Cierpicki and Otlewski 2001; Cierpicki et al. 2002). Con-
versely, for the majority of amide protons for which
Aduy /AT< —4.6 ppb/K the amide proton was found to be
hydrogen bonded to solvent water. Although the tempera-
ture coefficient is a qualitative parameter at best, it never-
theless provides some insight into structure (hydrogen bond)
formation even at an early stage in data analysis when only
>N and "H™ chemical shifts are generally available. Herein
we describe a straightforward approach for obtaining accu-
rate Adpy /AT values of excited protein states using relax-
ation dispersion NMR spectroscopy and provide an
illustrative example involving a protein folding system in
which a folded (ground) state exchanges with an unfolded,
invisible (excited) conformer.

The Pfl6 Cro I58D protein studied here (Pfl6 IS8D) is a
member of the Cro family of bacteriophage transcription
factors with a mixed « + f fold similar to the 4 Cro
repressor, with the mutation at position 58 ensuring a
monomer structure in solution (LeFevre and Cordes 2003;
Roessler et al. 2008). Initial 5N and "HY CPMG relaxa-
tion dispersion experiments established that the protein

kG
exchanges between two states, G ]zﬁE, with values for
EG

kex = kpg + kgp and the fractional population of the excited
state, pg, of (875 £ 9)s_1 and (6.3 £ 0.1)%, respectively
(2.5°C). Interestingly, as the temperature is increased pg
decreases—to (3.9 £ 0.1)% at 15°C. The chemical shifts of
the excited state that are extracted from fits of the dispersion
experiment compare vary favorably with shifts obtained
from small ‘random coil peptides’ published by Wishart and
coworkers (Wishart et al. 1995), indicating that this state is
unfolded, Fig. 1. The exchange reaction studied is thus the
result of the cold denaturation of Pfl6 158D with ‘G’ the
native conformation of the protein and ‘E’ an ensemble of
disordered states that interconvert very rapidly on the NMR
chemical shift time-scale. In order to assess whether the cold
denatured state of Pfl6 158D is completely ‘unfolded-like’,
similar to small, unstructured peptides in solution or whether
there are ‘pockets’ of structure one could, of course, measure
additional dispersion profiles using '*C* or 'H* probes.
Alternatively, we are interested here in evaluating whether

insight can be obtained from ASHN/ATvalues that are
available from the temperature dependent relaxation dis-
persion series that has already been performed.

@ Springer

Figure 2 shows 'HY dispersion profiles recorded at a
static magnetic field of 18.8 T, R, .;(vcpmc), as a function
of temperature for Asn 26 and Leu 44 of P16 I58D. Profiles
for all of the residues obtained at 11.7 and 18.8 T were
fitted together, with separate k., and pg for each tempera-
ture and with the difference in chemical shifts between an
amide proton in states E and G, Adpy = 05y — 05y,
assumed to vary linearly with temperature. The fits so
obtained for Asn 26 and Leu 44 are shown with solid lines
in the Figure. Only |Ad®gy| values are obtained from
analysis of relaxation dispersion data and the sign of the
shift difference is critical for calculation of excited state
temperature coefficients (see below). Signs of Awyy were
obtained from (i) a comparison of the amide proton reso-
nance positions measured from (ground state) peaks in
PN-'THY HSQC spectra recorded at 11.7 and 18.8 T
(Bouvignies et al. 2010) and (ii) from a comparison of
"HN-’N zero- and double quantum CPMG relaxation
dispersion profiles in cases where the signs of "N A®
values were available (Orekhov et al. 2004).

Figure 3 shows the temperature dependence of the
ground state amide chemical shifts for Asn 26 and Leu 44
of Pfl6 158D (green circles) obtained from N-THN cor-
relation spectra (insets). For a system that is not in
exchange the temperature coefficient (of the ground state
amide proton) would be calculated simply as the slope of
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Fig. 1 Correlation plot of >N ("HY, inset) chemical shift differences
between ground and excited states of Pfl6 158D (A®riyeq) measured
by relaxation dispersion experiments (5°C) and predicted shift
differences assuming that the excited state is unfolded (Adgc)
calculated as described by Wishart and coworkers (Wishart et al.
1995). The RMSDs of the '°N and 'HY correlations are 0.95 and
0.13 ppm, respectively
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Fig. 2 Experimental 'HY dispersion profiles (circles) for Asn 26
(a) and Leu 44 (b) of Pfl6 158D measured at temperatures (T) ranging
from 2.5°C (blue) to 15.0°C (red), along with the best fit dispersion
profiles (solid line). Dispersion profiles were fit to models assuming

. .. RS (. £ RS .
(i) ARy = O or (ii) AR, = —5 (1.6:.,R2 = 7’) The slope of the linear

the shift versus temperature profile. However, exchange
leads to a small perturbation in the position of the peaks
derived from exchanging spins, Jex. In the case where
pe>pr it has been shown that J,, = keeun/ (1 + p)2—|—
ﬁ,N), where &yy = Adpn/kec, p = ARy /kgg and AR, =
Rg - Rg is the difference in intrinsic transverse relaxation
rates between nuclei in the two states (Anet and Basus
1978; Skrynnikov et al. 2002). Values of kgs vary from
approximately 900 s~' (2.5°C) to 3,000 s~ (15°C), with
R§< 50 s~ (11.7 T) so that p can be neglected with little
error. Using the relation for Sex along with the exchange
parameters that are isolated from fits of dispersion profiles
(Fig. 2) the position of the ground state in the absence of

exchange (SSN) is calculated from the measured chemical

o (3G 36 _ 3G 3
shift (5HN,measured) as (SHN - (3HN,measured — Ocx. These val-

ues are plotted in Fig. 3 (blue circles) along with the best-
fit lines from which the amide temperature coefficients in
the ground state are calculated, A%, /AT. Once values for

51?1N are obtained the corresponding chemical shift values in
the excited state, (SIE,N) are calculated from the relation

anv = anv + Adyy and the excited state temperature
coefficients subsequently generated from the slope of

SfINversus temperature, Fig. 4.

Figure 5 plots both the ground, folded (blue) and the
excited, unfolded (red) state temperature coefficients cal-
culated as described above. It is noteworthy that the dis-
persion methodology allows for measurements to be made
on both states under identical conditions so that

Adpy /ATvalues can be properly compared. Not surpris-
ingly a range of values are noted for the ground state with
the majority of AégN /AT values greater than —4.6 ppb/K,
the cutoff for intra-molecular hydrogen bonding (Cierpicki

1.5
Voo (KH2)

correlation of the resulting temperature coefficients of the excited
state obtained using both approaches is 0.98 with a pair-wise rmsd of
0.2 ppb/K, indicating that for this application the results are not
sensitive to the values of AR,

and Otlewski 2001; Cierpicki et al. 2002). For residues at
the C-terminus, extending from Arg 56 and beyond the
temperature coefficients are centered about —7.5 ppb/K,
much lower than for the remaining protein. This provides
strong evidence that these residues are unstructured, as
expected on the basis of "’N and '"H" chemical shifts. An
NMR study of a closely related protein, an A33W/F58D/
Y26Q triple mutant of the A Cro repressor that is mono-
meric in solution, shows that the C-terminal 10 residues of
the native state are highly disordered, with no medium or
long range NOEs observed in this region and with a very
high level of backbone dynamics based on '°N relaxation
studies (Newlove et al. 2006). In contrast to residues in the
structured region of the folded state (residues 3-55), for
which the majority of Adyy /AT values exceed —4.6 ppb/K,
temperature coefficients for the excited state are in general
smaller, consistent with the absence of intra-molecular
hydrogen bonding. This is in keeping with expectations for a
denatured ensemble of conformers. Interestingly, however
there are a (small) number of residues with larger temper-
ature coefficients, including Gln 27, Ser 28 and Asp 47, Gly
48 and Arg 49 that potentially indicate some level of
structure even in the denatured state. These ‘anoma-

lous’ Adpy /AT values are not artifactual; high quality fits

of the dispersion profiles and the resultant SZN VETsus
temperature curves are obtained in these cases (Figure S1
of Supporting Information). Notably, however, the '>N and
"HY excited state chemical shifts for these residues fall
within the range expected for denatured proteins, sug-
gesting that, at least in some cases, temperature coefficients
may provide a more sensitive measure of residual structure.
In native Pfl6, residues 27 and 28 form the center of a
motif (residues 24-29; VNQSAI) that caps helix 3 at its
N-terminus. The sequence and structure of this region
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Fig. 3 Ground state "H chemical shifts (SgN) versus temperature for
Asn 26 (a) and Leu 44 (b) of P16 I58D. Shifts measured directly from
spectra are plotted in green; they are then corrected for exchange that
‘moves’ the ground and excited state correlations towards each other
and subsequently replotted in blue (see text). The dashed lines are the
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best linear fits to the ‘corrected’ peak positions from which the ground
state '"HN temperature coefficients are extracted. Insets show the
corresponding 'HN-'"N correlation peaks from spectra recorded at
temperatures ranging from 2.5°C (blue) to 15.0°C (red)

Fig. 4 Excited state 'HY a b [
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temperature for Asn 26 (a) and G G
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partially resemble a classic helix capping box (Seale et al.
1994), a stable initiation motif that could retain partial
order even in the absence of the global tertiary fold. Sim-
ilarly, residues 47—49 form a f-turn in the folded state
(Newlove et al. 2006). It may well be that such a turn is
present—at least partially—in the unfolded state as well,
serving to initiate the native state f-sheet that is formed in
this region. A more quantitative description must await
further relaxation dispersion studies focusing on measure-
ment of 'H* as well as '*C backbone and *C* chemical
shifts that are powerful indicators of secondary structure
(Wishart and Case 2001).

Further insight into the nature of the cold denatured
ensemble of P16 I5S8D can be obtained by comparing the
distribution of amide proton temperature coefficients for
this state with those obtained for both the folded conformer

@ Springer

Temperature (°C)

(minus the C-terminus) and the C-terminal region of the
folded state that is highly disordered. Fig. 6 plots the three
distributions that have been normalized so that each has the
same area. Notably AEHN /ATvalues for the cold denatured
state are centered between those of the well-folded native
state conformer and a random coil peptide corresponding to
the C-terminal end of the folded protein. The wide distri-
bution of temperature coefficients for the excited state
suggests that the structure of the cold denatured state does
not resemble a highly dynamic, random coil chain. Studies
by Merutka et al. (1995) using a disordered small linear
peptide model system —GGXGG- showed that values of
Adpy /AT ranged from —6.4 (Asp) to —9.3 ppb/K (Tyr)
with a median(£std) of —7.65 £ 0.68 ppb/K over all 20
amino acids, X. The cold denatured state of Pfl6 158D
shows a much larger range than for these peptides (Fig. 6,
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Fig. 5 Ground (blue) and excited (red) state temperature coefficients
(A3HN /AT) for Pfl6 158D as a function of primary sequence. The
dashed line is plotted at —4.6 ppb/K, the cut-off used to establish
whether amide protons participate in intra-molecular hydrogen-
bonding (Cierpicki and Otlewski 2001; Cierpicki et al. 2002). Excited

0.3
2
1=
A 0.1
0.0 - -
=15 =10 -5 0 5
Ak 0
A;'\ (ppb.K™*)

Fig. 6 Normalized distributions of HN temperature coefficient
values for the ground (blue, minus the C-terminus) and excited
(red) states of Pfl6 158D; the disordered C-terminal region of the
ground state is shown in green. The distributions were obtained using
a Gaussian kernel density estimation (Scott 1992)

red curve). This is consistent with other studies of unfolded
protein states, such as the unfolded ensemble of the
N-terminal SH3 domain from the protein drk (Crowhurst
and Forman-Kay 2003; Zhang and Forman-Kay 1997),
which clearly shows regions with structure, including non-
native interactions, despite the fact that the protein is
‘unfolded’.

In summary, we have presented a CPMG relaxation dis-
persion approach for measuring amide proton temperature
coefficients of excited protein states. Because both ground
and excited conformers are present in solution it becomes
possible to measure temperature coefficients of both states
under identical conditions so that they can be readily com-
pared. The methodology has been applied to the study of the
cold denatured ensemble of Pfl6 IS8D where A5HN /AT
values are for the most part significantly more negative than

state temperature coefficients for residues 27, 28 and 47-49
highlighted in the text are indicated by filled circles. Temperature
coefficients are reported only in cases where signs of A® values could
be determined

for the folded conformer and less than —4.6 ppb/K, con-
sistent with the absence of intra-molecular hydrogen bonds,
on average. Nevertheless, temperature coefficients are not
uniform and span a significant range (—5.6 £ 2.1 ppb/K),
suggesting that the unfolded state does not approximate a
random coil chain, but like other unfolded proteins, samples
a distribution of transiently formed conformers. The meth-
odology presented adds to a growing set of experiments for
characterizing small transient populations of proteins under
‘native-like’ conditions that can provide a detailed atomic
resolution description of conformations that are recalcitrant
to study using other techniques.

Supporting information

Details of protein production, NMR measurements and
data analysis, 1 figure showing fits of dispersion/chemical
shift profiles with temperature (for Q27 and R49) and a
table of temperature coefficients for the ground and excited
states of Pfl6 158D is provided.

Acknowledgments G.B. acknowledges the European Molecular
Biology Organization and the Canadian Institutes of Health Research
(CHIR) for post-doctoral fellowships. D.F.H was supported by a post-
doctoral fellowship from the CIHR. This work was supported by
grants from the CIHR and the Natural Sciences and Engineering
Research Council of Canada (LEK) and the NIH (GMO066806 to
M.H.J.C.). LE.K. holds a Canada Research Chair in Biochemistry.

References

Anet FA, Basus VJ (1978) Limiting equations for exchaning
broadening in 2-sitt NMR systmes with very unequal popula-
tions. J] Magn Reson 32:339-343

Baldwin AJ, Religa TL, Hansen DF, Bouvignies G, Kay LE (2010)
'3CHD, methyl group probes of millisecond time scale exchange

@ Springer



18

J Biomol NMR (2011) 50:13-18

in proteins by 'H relaxation dispersion: an application to
proteasome gating residue dynamics. J Am Chem Soc 132:
10992-10995

Baxter NJ, Williamson MP (1997) Temperature dependence of 'H
chemical shifts in proteins. J Biomol NMR 9:359-369

Boehr DD, McElheny D, Dyson HJ, Wright PE (2006) The dynamic
energy landscape of dihydrofolate reductase catalysis. Science
313:1638-1642

Bouvignies G, Korzhnev DM, Neudecker P, Hansen DF, Cordes MH,
Kay LE (2010) A simple method for measuring signs of
1H(N) chemical shift differences between ground and excited
protein states. J Biomol NMR 47:135-141

Carr HY, Purcell EM (1954) Effects of diffusion on free precession in
nuclear magnetic resonance experiments. Phys. Rev. 54:630-638

Cierpicki T, Otlewski J (2001) Amide proton temperature coefficients
as hydrogen bond indicators in proteins. J Biomol NMR
21:249-261

Cierpicki T, Zhukov I, Byrd RA, Otlewski J (2002) Hydrogen bonds
in human ubiquitin reflected in temperature coefficients of amide
protons. J Magn Reson 157:178-180

Crowhurst KA, Forman-Kay JD (2003) Aromatic and methyl NOEs
highlight hydrophobic clustering in the unfolded state of an SH3
domain. Biochemistry 42:8687-8695

Dyson HJ, Rance M, Houghten RA, Lerner RA, Wright PE (1988)
Folding of immunogenic peptide fragments of proteins in water
solution. I. Sequence requirements for the formation of a reverse
turn. J Mol Biol 201:161-200

Hansen DF, Vallurupalli P, Lundstrom P, Neudecker P, Kay LE
(2008) Probing chemical shifts of invisible states of proteins with
relaxation dispersion NMR spectroscopy: how well can we do?
J Am Chem Soc 130:2667-2675

Henzler-Wildman KA, Lei M, Thai V, Kerns SJ, Karplus M, Kern D
(2007) A hierarchy of timescales in protein dynamics is linked to
enzyme catalysis. Nature 450:913-916

Ishima R, Freedberg DI, Wang YX, Louis JM, Torchia DA (1999)
Flap opening and dimer-interface flexibility in the free and
inhibitor- bound HIV protease, and their implications for
function. Struct Fold Des. 7:1047-1055

Ishima R, Baber J, Louis JM, Torchia DA (2004) Carbonyl carbon
transverse relaxation dispersion measurements and ms-micros
timescale motion in a protein hydrogen bond network. J Biomol
NMR 29:187-198

Karplus M, Kuriyan J (2005) Molecular dynamics and protein
function. Proc Natl Acad Sci USA 102:6679-6685

Korzhnev DM, Kay LE (2008) Probing invisible, low-populated
States of protein molecules by relaxation dispersion NMR
spectroscopy: an application to protein folding. Acc Chem Res
41:442-451

Korzhnev DM, Religa TL, Banachewicz W, Fersht AR, Kay LE
(2010) A transient and low-populated protein-folding interme-
diate at atomic resolution. Science 329:1312-1316

LeFevre KR, Cordes MH (2003) Retroevolution of lambda Cro
toward a stable monomer. Proc Natl Acad Sci USA 100:
2345-2350

Loria JP, Rance M, Palmer AG (1999) A relaxation compensated
CPMG sequence for characterizing chemical exchange. J Am
Chem Soc 121:2331-2332

Lundstrom P, Kay LE (2009) Measuring '>C* chemical shifts of
invisible excited states in proteins by relaxation dispersion NMR
spectroscopy. J Biomol NMR 44:139-155

Lundstrom P, Vallurupalli P, Religa TL, Dahlquist FW, Kay LE
(2007) A single-quantum methyl 13C-relaxation dispersion
experiment with improved sensitivity. J] Biomol NMR 38:79-88

@ Springer

Lundstrom P, Hansen DF, Kay LE (2008) Measurement of carbonyl
chemical shifts of excited protein states by relaxation dispersion
NMR spectroscopy: comparison between uniformly and selec-
tively (13)C labeled samples. J Biomol NMR 42:35-47

Lundstrom P, Hansen DF, Vallurupalli P, Kay LE (2009) Accurate
measurement of alpha proton chemical shifts of excited protein
states by relaxation dispersion NMR spectroscopy. J] Am Chem
Soc 131:1915-1926

Meiboom S, Gill D (1958) Modified spin-echo method for measuring
nuclear magnetic relaxation times. Rev Sci Instrum 29:688-691

Merutka G, Dyson HJ, Wright PE (1995) ‘Random coil’ 'H chemical
shifts obtained as a function of temperature and trifluoroethanol
concentration for the peptide series GGXGG. J Biomol NMR
5:14-24

Newlove T, Atkinson KR, Van Dorn LO, Cordes MH (2006) A trade
between similar but nonequivalent intrasubunit and intersubunit
contacts in Cro dimer evolution. Biochemistry 45:6379-6391

Orekhov VY, Korzhnev DM, Kay LE (2004) Double- and zero-
quantum NMR relaxation dispersion experiments sampling
millisecond time scale dynamics in proteins. J] Am Chem Soc
126:1886-1891

Palmer AG, Kroenke CD, Loria JP (2001) NMR methods for
quantifying microsecond-to-millisecond motions in biological
macromolecules. Methods Enzymol 339:204-238

Roessler CG, Hall BM, Anderson WJ, Ingram WM, Roberts SA,
Montfort WR, Cordes MH (2008) Transitive homology-guided
structural studies lead to discovery of Cro proteins with 40%
sequence identity but different folds. Proc Natl Acad Sci USA
105:2343-2348

Scott D (1992) Multivariate density estimation: theory, practice, and
visualization. Wiley, NY

Seale JW, Srinivasan R, Rose GD (1994) Sequence determinants of
the capping box, a stabilizing motif at the N-termini of alpha-
helices. Protein Sci 3:1741-1745

Skrynnikov NR, Dahlquist FW, Kay LE (2002) Reconstructing NMR
spectra of “invisible” excited protein states using HSQC and
HMQC experiments. ] Am Chem Soc 124:12352-12360

Tollinger M, Skrynnikov NR, Mulder FAA, Forman-Kay JD, Kay LE
(2001) Slow dynamics in folded and unfolded states of an SH3
domain. ] Am Chem Soc 123:11341-11352

Vallurupalli P, Hansen DF, Stollar EJ, Meirovitch E, Kay LE (2007)
Measurement of bond vector orientations in invisible excited
states of proteins. Proc Natl Acad Sci USA 104:18473-18477

Vallurupalli P, Hansen DF, Kay LE (2008a) Probing structure in
invisible protein states with anisotropic NMR chemical shifts.
J Am Chem Soc 130:2734-2735

Vallurupalli P, Hansen DF, Kay LE (2008b) Structures of invisible,
excited protein states by relaxation dispersion NMR spectros-
copy. Proc Natl Acad Sci USA 105:11766-11771

Wishart DS, Case DA (2001) Use of chemical shifts in macromo-
lecular structure determination. Methods Enzymol 338:3-34

Wishart DS, Bigam CG, Holm A, Hodges RS, Sykes BD (1995) IH,
3C and '>N random coil NMR chemical shifts of the common
amino acids. I. Investigations of nearest-neighbor -effects.
J Biomol NMR 5:67-81

Zhang O, Forman-Kay J (1997) NMR Studies of Unfolded States of
an SH3 Domain in Aqueous Solution and Denaturing Condi-
tions. Biochemistry 36:3959-3970



	Measuring 1HN temperature coefficients in invisible protein states by relaxation dispersion NMR spectroscopy
	Abstract
	Supporting information
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


