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lll. Autonomously folding protein secondary structure (-sheet)



Folded Proteins: Many Tertiary Structures,
But Only a Few Common Secondary Structures
(Helix and Sheet)

Fmu, an RNA m°C methyltransferase

Foster et al. Structure 2003, 11, 1609.



Protein Tertiary Structures are More Stable Than
Isolated Secondary Structures

l Autonomously folding secondary structures are required
to study sequence-stability relationships.

Design challenge: Helices form from contiguous segments, but sheets do not.
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Circular Dichroism (CD) as a Tool for Polypeptide
Structure Analysis in Solution
(Low-Resolution Information)
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Autonomously Folding a-Helices
Detection via Circular Dichroism

Ac - Ala Glu Ala Ala Ala Lys Glu Ala Ala Ala Lys Glu Ala Ala Ala Lys Ala - NH,
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Marqusee, Baldwin Proc. Natl. Acad. Sci. USA 84:8898 (1987)



(6] x 10-3 (degecm? dmol-1)

Autonomously Folding a-Helices
Detection via Circular Dichroism

Ac - Tyr (Ala Glu Ala Ala Lys Ala), Phe - NH,
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Scholtz, Qian, York, Stewart, Baldwin Biopolymers 31:1463 (1991)



Autonomously Folding a-Helices
Detection via Amide NH/ND Exchange

l Intrahelical H-bonding inhibits NH/ND exchange.

Ac - (Ala Ala Lys Ala Ala),, Gly Tyr - NH,,
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Rohl, Baldwin Biochemistry 36:8435 (1997)



B-Sheet Models: The Aggregation Problem
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B-Hairpins: Prototype for Minimum-Sized
Autonomously Folding $-Sheets
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Peptide loop  Most common small loop
= B-turn (two residues)

1 How do we specify the size and position of the loop in an
autonomously foldling p-hairpin? (Two residues ideal.)

Importance of Type I’ and Type Il B-turns:
Wilmot & Thornton J. Mol. Biol. 1988, 203, 221.



Design Rules forAutonomously Folding $-Hairpins
(Minimal Antiparallel $-Sheets)

Blanco, Jiménez, Herranz, Rico, Santoro, Nieto J. Am. Chem. Soc. 115:5887 (1993)

First evidence of an autonomously folded B-hairpin in water (9 residues)

Tyr-Gin-Asn-Pro-Asp-Gly-Ser-Gin-Ala

Blanco, Rivas, Serrano Nat. Struct. Biol. 1:584 (1994)

First example of a g-hairpin found in a protein that folds autonomously in water (16 residues)

Gly-Glu-Trp-Thr-Tyr-Asp-Asp-Ala-Thr-Lys-Thr-Phe-Thr-Val-Thr-Glu

1995-2000: Establishment of design rules for p-hairpins that fold in water

Serrano Adv. Prot. Chem. 53:49 (2000)
Searle J. Chem. Soc. Perk. Trans. 21011 (2001)
Santiveri, Santoro, Rico, Jiménez J. Am. Chem. Soc. 124:14903 (2002)

Gellman Curr. Opin. Chem. Biol. 2:717 (1998)



B-Hairpin Folding in Water -- Example

Arg-Tyr-Val-Glu-Val-DPro-Gly-Orn-Lys-lle-Leu-GIn-NH,

(ROESY, 9:1 H,0:D,0, pH 3.8, 4°C)

%Q  he %ﬂ@ 4Ji£ L@m@

N}E; ﬁi\?

CONH,

Backbone NOEs Sidechain NOEs

Stanger, Gellman J. Am. Chem. Soc. 1998, 120, 4236.
Syud, Stanger, Gellman J. Am. Chem. Soc. 2001, 123, 8667.

Haque et al., J. Am. Chem. Soc. 1994, 116, 4105; 1996, 118, 6975.
(Related: Balaram et al. J. Chem. Soc., Perkin Trans. 2, 1998, 137.)
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Analytical Ultracentrifugation: Control for Aggregation

residuals

Absorbanc

0.7
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0.35
46

Radial Position (cm?)

52

2 mM peptide, 100 mM
acetate buffer, pH 3.8, 4°C

Theoretical MW = 1416
Deduced MW = 1260
(Note: charge > +3)



Analytical Ultracentrifugation: Analysis
(Single Ideal Species)

dlnfc M (1-vp)w’

— P

dr? 2RT

¢ = concentration of M, = mass of the anhydrous polypeptide

tei /mL —_ ;
protein (mg/mL) v = partial specific volume (mL/mg)

= solvent density (mg/mL
r = radial distance b y (mg/mL)

from center of rotation (cm?) o = radial velocity (revolutions/min)
R = gas constant (erg/K/mol)

T = temperature (K)

*

COMMENT: The partial specific volume
can be measured, but is nearly always
calculated using amino acid composition.



How to quantify the folding equilibrium?
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a-H chemical shifts are very
sensitive to conformation:

Wishart et al.
Biochemistry 1992, 31, 1647. H o




Secondary Structure Indicated by Ho Chemical Shifts
(“Chemical Shift Index”)

Observed 6H, - Random Coil 6H,

-~ 0.6
g
g 04—n -
Hu 0.2 _m mD-PG
c . _ M -v}. : _ ONG
s o LA R e
§ 02+—F -
i -
© .04

R Y V E V X G 0O K | L aQ

| I il i

| _ |
Strand 1 Turn Strand 2

B-Hairpins with NG loops: Ramirez-Alvarado et al. Nat. Struct. Biol. 1996, 3, 604.
de Alba et al. J. Am. Chem. Soc. 1997, 119, 175.

Maynard, Searle Chem. Commun. 1997, 1297.



B-Hairpin Population Analysis
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Syud, Espinosa, Gellman J. Am. Chem. Soc. 1999, 121, 11577.



Cyclic Peptide as Folded Reference

Syud, Stanger, Gellman J. Am.

NOE-restrained
dynamics-derived
structure overlay
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Chem. Soc. 2001, 123, 8667.



Residue Choice for Population Analysis?

==p  Non-Hydrogen Bonded Residues
==)  Hydrogen Bonded Residues



Population Analysis at Strand Residues
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Variable Temperature Studies: Evidence for Two-State Behavior
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D-Pro-Gly vs. a Proteinogenic Sequence

B-Hairpin Populations in Aqueous Solution (4°C)

D-Pro-Gly ca. 68% p-Hairpin
_OO—u O H Leu _._ _.<m
_._NzE/HZ/_T/z f /:\
Gin 0 lle _._ Orn
Arg Y Val Val
_._Nzu/HZ/\F u/_12/\=/ u/__\ CO,NH,
L-Asn-Gly O Tyr H O Glu H
loop o H Leu : Lys N-H  Ca. 42% B-Hairpin
InZE/»\Z/:\/Z E/ﬁ Jx
Gin 0 lle _._ Orn

B-Hairpins with NG loops: Ramirez-Alvarado et al. Nat. Struct. Biol. 1996, 3, 604.
de Alba et al. J. Am. Chem. Soc. 1997, 119, 175.
Maynard, Searle Chem. Commun. 1997, 1297.



Using p-Hairpins to Examine Factors that Control $-Sheet Stability:
Lateral vs. Diagonal Sidechain contacts

Arg Val Val

éJ&C%%C%
S Ty
e N
T_}ifﬁf

Gin lle Orn

Key interstand interactions?

Tyr "diagonal"
"lateral" H /
Leu Lys

Syud, Stanger, Gellman J. Am. Chem. Soc. 2001, 123, 8667.

Statistical Survey: Cootes et al. Proteins: Struct. Funct. Genet. 1998, 32, 175.



Using p-Hairpin as a Platform to Explore Non-Covalent
Interactions in Water

Arg
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Tatko, Waters J. Am. Chem. Soc. 124:9372 (2002)



Using p-Hairpin as a Platform to Explore Non-Covalent

H3N
+

H,N

0
N—H
PN f e p oy
N A N_ A N
NN Y
O H le O H o \

Arg H

Interactions in Water

; 0 val __._ 0 Vval __._ /
z/\=/ z/\=/ N_ Asn
VY )
O _ H o0 Asm 4y o

Q@

Gin Lys

,._..\f_\/
/ (o)

2R
m_./_n_v\z/m\__/w\...a

Ay e
H \ (o] H
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Using p-Hairpin as a Platform to Explore Non-Covalent
Interactions in Water: n-Carbohydrate
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n-carbohydrate interaction
>oo stabilizes hairpin conformation

Leu \__/ by ~0.8 kcal/mol

Laughrey, Kiehna, Riemen, Waters J. Am. Chem. Soc. 130:14625 (2008)



Length-Dependent Cooperativity in the a-Helix

Nﬁ@l@&
WA

Initiation Propagation

Longer helices are more stable; balance between entropic cost
of helix initiation and enthalpic benefit of helix propagation.



(6] x 10-3 (degecm? dmol-1)

Autonomously Folding a-Helices
Detection via Circular Dichroism

Ac - Tyr (Ala Glu Ala Ala Lys Ala), Phe - NH,
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Scholtz, Qian, York, Stewart, Baldwin Biopolymers 31:1463 (1991)



Length-Dependent Cooperativity in B-Sheet?

Two dimensions possible

o

o Propagation - along strand
Initiation

e - e |

Propagation - perpendicular to strand



EXPERIMENTAL DESIGN: Cooperativity Along the Strand
Direction in Antiparallel p-sheet?
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Quantitative Evaluation of Cooperativity Along the Strand Direction
in Antiparallel p-sheet (aqueous solution, 4°C)

— X

. " o] Arg H o Val H O Val j
u/az&ru/az&r%az&r%azy
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12-mer,n =0 H o ¢ |H O T H O Gu H O

16-mer, n =1 e N-H

20-mer, n = 2 Q H X0 H Leu O H = 9 H
Y ,__E/a )

General Trend [AAG (kcal/mol)]:

16mer vs. 12mer ==  Haijrpin stabilization by 0.2 - 0.3 kcal/mol

20mer vs. 16mer =) No additional hairpin stabilization!

Stanger et al. Proc. Natl. Acad. Sci. USA 2001, 98, 12015.



Length-Dependent Cooperativity in B-Sheet?

)

e Propagation - along strand
Initiation

e - e |

Propagation - perpendicular to strand




Design of a Triple-Stranded p-Sheet

H o) H
o TN [E T
LU - R S S -
N N N
//ﬁj /.\—_/ﬂf_\ /.\—_/E&J1 /\—_/Z_u_N
O @—.3 O _I O Q

Backbone NOEs: NH--NH and C_H--CoH

Schenck, Gellman J. Am. Chem. Soc. 1998, 120, 4869.



Experimental Design: Probing $-Sheet Cooperativity
Perpendicular to the Strand Direction
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Experimental Design: Probing -sheet Cooperativity
Perpendicular to the Strand Direction - Part 2
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Ramirez-Alvarado et al. Nat. Struct. Biol. 1996, 3, 604.
B-Hairpins with NG loops: de Alba et al. J. Am. Chem. Soc. 1997, 119, 175.
Maynard, Searle Chem. Commun. 1997, 1297.




Quantifying p-Sheet Cooperativity
Perpendicular to the Strand Direction
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H. Stanger, F. Syud



Quantification of p-sheet Cooperativity

Perpendicular to the Strand Direction

D-Pro or L-Asn
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- 0.40 kcal/mol
- 0.45 kcal/mol

lle-18

- 0.40 kcal/mol
- 0.41 kcal/mol

D-Pro vs. L-Pro



4-Stranded Antiparallel p-Sheet Design
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Syud, Stanger, Mortell, Espinosa, Fisk, Fry, Gellman J. Mol. Biol. 326:553 (2003)



Quantification of p-Sheet Cooperativity
Perpendicular to the Strand Direction
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Ambiguous result....



4-Stranded Antiparallel $-Sheet Design --
Locking in the N-Terminal 3-Hairpin
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Quantification of p-sheet Cooperativity
Perpendicular to the Strand Direction
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Antiparallel vs.

Parallel p-Sheet
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Minimal Model Systems for PARALLEL p-Sheet?

(0] _ﬂ o) _ﬂ o) _ﬂ
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N-to-N linkage

Parallel B-hairpin construction requires unnatural linkage strategies
(C-terminal to C-terminal and/or N-terminal to N-terminal)



Early Work on Parallel Linkers
(N-to-N Connection)

Folding in organic solvents (H-bond driving force).

NC
NO _m_ )
I XA
T YV
H o ~

’ A ~_|_ o
o Ph ,_m_ g
N
E,\ H O \ H 0
Nowick et al. Kelly et al.

J. Org.Chem. 60:7368 (1995) Bioorg. Med. Chem. 7:39 (1999)



Early Work on Parallel Linkers
(N-to-N Connection)

NC
No _m_ 0
\:/ z/\:/
T YV
H o) =
V4

H

V4 \
AY

o Ph ,_m_ o
z\—_/—m_ N - z\
E,\ H 0 \ ___
Nowick et al. . Kelly et al.
J. Org.Chem. 60:7368 (1995) Bioorg. Med. Chem. 7:39 (1999)

No cross-strand NOEs in water.




C-to-C Linker With a Twist: Proline-Based Diamine

o]
H o H N—H
S fﬂ_ﬁf
/:\ : N
6 : b o

Fisk, Powell, Gellman J. Am. Chem. Soc. 2000, 122, 5443.



NOE Analysis: Parallel B-Sheet formation in Minimal
Model Systems (Chloroform)

ﬁﬁw mw

z
Z r\

(No p-sheet NOEs in L-Pro diastereomers)



A Parallel p-Sheet Model System that Folds in Water

Family of structures
from NOE-restrained
dynamics

Fisk and Gellman J. Am. Chem. Soc. 2001, 123, 343.



N-to-N Linker for Parallel Strands:
Both Configurations Promote Parallel $-Sheet Interactions

Crystal
structures

Freire, Fisk, Peoples, lvancic, Guzei, Gellman J. Am. Chem. Soc. 130:7839 (2008)




N-to-N Linker for Parallel Strands:
Parallel $-sheet Formation in Aqueous Solution

~  NOE-Restrained Dynamics
Backbone overlay:
rmsd 0.33 A

(2D NMR @ 600 MHz; 2.5 mM peptide in 100 mM acetate buffer, pH 3.8)

Freire, Fisk, Peoples, lvancic, Guzei, Gellman J. Am. Chem. Soc. 130:7839 (2008)



Macrocyclic Designs: Preorganization of One Linker is Sufficient
For Folding in Aqueous Solution

o Val gy olysyH oAg H o oVal u olysy oAgy o
wlex_/__\z/.\__/zu/_ﬂzJ\__/quﬂzx.\__/z)T y \llexfﬂz/“\szfﬂzJ\quJﬂzx.\Fz\/T
H-N H O Thre H O Phe H O 1y H Nn ,ﬂ H O thr H O phe H O 135 H nNH
:_HO (o) =0 (o]
LIS (N W NP W N ol AR AN I N
H O ptg H O phe H O giy H O pig H O phe H O gjy = -EXIBLE
oVal H olysH oA9 H O oVal g olysH o0A9 H o
\LZIZJ\__/Z\I_\Z/\:/ZIZ/.\FZ\/T y \lFZ\F_ﬂZ/\FZ\IﬂZ/\FZu/_ﬂZ/.\Fz\%
N H O the H Ophe H O 1js H N N H O Thr H OpheH O 136 H NH
o] o o o
oValyw oMWy oy o oVaw oMTWry oThry o
zfﬂzx\__/zx_/_ﬂzx\__/zx_/_ﬂzu\__/z zu/_ﬂzxn\__/zfﬂzw\__/zfﬂzw\__,u FLEXIBLE
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NO FOLDING
2D NMR:

Overlay of 3 backbones

Freire, Gellman
J. Am. Chem. Soc. 131:7970 (2009)
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Linker Orientation Plays a Critical Role in Hairpin Stability

R S Vv
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Gly { O H O H O Succ ; ; ™M\
z\_/qz,\Fz\_/az&kz\./:\z‘ N SIS S R
. -Ul D IU. . —l— O = I O = I O O
HO EZHOZHDO Yo F Q
NH
NH
D Y R " HoyHof® H
RS R H N AN N
z\_/az,,.\Fz\_/az/.Lh,z\_J\z N <N <N
Succ Io_mrom:o Gly HOE&ZHOZ2HDO

Very few NOEs;
not well folded.

NOE-based structure; .
backbone RMSD =0.5+0.2 A

A. Almeida

9:1 H,0:D,0, 100 mM D;AcOH, pH 3.8, trace DSS



Macrocyclic Designs: Fully Folded State Reference

== Aqueous Buffer
== 50% TFE

CsD

lys1 Arg2 Phe3 Lys4 Thr5 Val6 Val9 Arg10 Tyr11 Phe12 Thr13 Glu14

Freire, Gellman J. Am. Chem. Soc. 131:7970 (2009)



Population Analysis: Rapid Equilibration Between
Folded and Unfolded States (NMR Timescale)

ﬂ%ﬁ%f%ﬁk« %ﬂ%ﬁ%@f%@#

a-H chemical shifts are very

R
sensitive to conformation: H
AN\
Wishart et al. J_
H o

Biochemistry 1992, 31, 1647.



Population Analysis: Reference Compounds for the
Folded and Unfolded States

p-Hairpin % ——

Oobs - Ou

S - dy

OF
(Folded State)



Population Analysis at Strand Residues

Population

Frayed Ends _uo_n_mn Core
AL
hYd
Py A/a P Ha QQ%CI \// |
h Vo8 2 mM peptide, 100 mM
,_o e T acetate buffer, pH 3.8, 4°C
%M« <__/Ha &ﬁ I Nﬁ <T
z_._N ° $



Temperature-Dependent Variations:
Evidence for Two-State Behavior

1.2 4
1.1
1
o ~ ~
0.7 -
. . o
Relative 06" Relative _ Pop.@64°C
. 0.5 . —
Population , Population Pop. @ 4°C
0.3
0.2
0.1 - ~ ~
0 -
F | Q \% R R Y L
AL
~ N van’t Hoff Analysis:
o OH o OH H 0 H o] -_—
OGP BETLEUR TR AH = -3.2 kcal/mol
N T g e . AS = -10 cal/mol deg
(o] H (o] H (o] H (o]
) AC, =-100 cal/mol de
z.__.._u %z_._i Q:o :Nzho " zﬂzﬂ_z.__._.n 3 P Q
; i . . s
A, z/.\__/z z/.\__/z ,_/.\__/z h_/\,/
| - | = | - |
H O H O H O H o Fisk, Schmitt, Gellman
rw IS J. Am. Chem. Soc. 128:7148 (2006)




Length-Dependent Cooperativity
in Parallel f-Sheet?

TN

—
- %AN%&

o Propagation - along strand
Initiation

S - oo |

Propagation - perpendicular to strand



Length-Dependent Cooperativity Along the Strand
Direction in Parallel p-Sheet?

0 Lys

: vood de w9 val \//
ser | Phe | ! Gin |
(o]

(o} o

o
H o
Thr H o Thr q o Val Val
|
T__ o <m_nw T__ o Thr N: o H ; o
val. v ® val H# o Val O yal H o Val
_ _ I/\=/ \
s A A A A A AALAA
o8 Thr o Thr w o Thr 6 Thr & o
Thr 4 o Thr 4 © Thr o Thr % O Thr
| | H |
/z z/.\=/z\</=\z/.\=/z\</=\ iﬁ\z/.\:/z\jﬂz/.\:/z\«/:\;f
_.—. U. —Hmm—A A o Val v__ o Val ) o val |} o Val ) 0



Chemical Shift Index
(Observed - random coil)

Stability Plateau After Two Extensions:
Intrinsic Strand Length Limit or Core too Stable?

—_

0.9
0.8

4<--0

extension

0.7

residues

0.6
0.5
0.4

A

0.3 ~
0.2

©
—_
|

I

\

lle Gl

n

Val

LI

Phe

_.m:

Arg Arg Tyr

0]

lle H o Val

SN

H

o Tyr

_._

o Arg /\T



Design of Second Series:
Destablize the Core (lle --> Ser)

N
2
+ HoN J\ + 9
NH
Nu T O > -
N=—H =
H 0 H 0 H _m_ 0 ___ 0 H
—__ —__ —__ \Z/\:/ Z/L—/ —__
YYVY MR A
= H 5 $ H o |ﬂ H o w H o
_ HN _M,_/
+ +

J. D. Fisk



Extension Series, Destabilized Core: Parallel f-Sheet
Becomes Steadily More Stable as Strands Lengthen

Chemical Shift Index

0.5
0.45

0.4
0.35

0.3

0.25
0.2

0.15 1
0.1 4

0.05 -

4<-0

extension

residues

—

Ser

GIn

0o

Val

_l<w H (o]

Phe =

Asn |H 0

Ser H 0

(o)

Tyr H 0 Arg H
_ _
Arg |

(o)
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Parallel p-Sheet Folding Maintained Upon Strand Lengthening?

Cross-strand nOe’ s (inter-residue)

600 MHz, 4°C, 2.5 mM peptide,
9:1 H,0:D,0, 100 mM acetate buffer, pH 3.8

A. Almeida, F. Freire



Population Analysis (C_H Chemical Shift Data)

H o Arg H o Ser Val
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Gu H O GuH O pgH O
o Arg H Ser H Val
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0 m H Phe H O gin 0
S o)
F|0o” 'NH o Asp H Tyr _._ o Arg _._ N-H

Population (%) =

S - dy

Arg H o Ser H O Val
2/\__/2 zx\Fz_/_ﬁzxn\Fz_/_ﬂz
A

Residues for
Population analysis
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Ad
(ppm)

Parallel §-Sheet Becomes More Stable as Strands Grow Longer

0.5 -

04 -

W Ser
®Gln

n=0 n=1

olys H o
A
H O Arg
0 Glu H o
Ay n s
H O agp

As

n=2 n=3

Increment per extension (n 2 n+1)

AAG
(Kcal/mol)

0.00
-0.20
-0.40
-0.60
-0.80
-1.00

n=1

n=2

n=3

n=4



Parallel §-Sheet Becomes More Stable as Strands Grow Longer

OH OH
H o Arg H o/\ﬁﬂ_”_ o H oo Sery oVal T\
_ \ N NN NN N .o .
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vs: AAG () 40
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Nz&h%zmﬁf‘ * 060
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-0.20
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Parallel §-Sheet Becomes More Stable as Strands Grow Longer

OH OH
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Side Chain Branching Required for Length-Dependent
Stabilization of Parallel 3-Sheet
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Side Chain Branching Required for Length-Dependent
Stabilization of Parallel 3-Sheet

OH OH
H O H O
.Jm__f\__,y,\zm\:,z
: 0 m H

Val-Thr . o
J«N\Z/\F Z/\FZ
i H O ]
Aon * Aon
n=1 n=2 n=3 n=
OH OH 0.00 _ T _
M\H&mz R X, £ Val-Ser
val-Ser AL S ALS ) 050 Abu-Thr
H o H O verage
rf\zxk_,z N Ay AAG
./ H O ./ H o (Kcal/mol) 1.00 -
OH OH . Val-Thr
OH OH -1.50 - Thr-Val
S8,
r 0O I H O
Abu-Thr D
w\z&h QF Contrast with antiparallel p-sheet:
: ° No evidence of an intrinsic limit on
\/o_._ \/o_._ .
strand length in parallel g-sheet.




Are Inter-Strand Disulfides Incompatible with Parallel f-Sheet?

o BRH o R H o B H o R H
N L/:\Z/ f\z LJ\Z
Rt e S I T e
Antiparallel % i SCZS: | vs. fooons SN Parallel
o " - O H o o § H o R H
~ N : N I N | \
RGN e f\r__l/_w .ﬁrzu/az,%
H R O H R O H O \u H O
S

Common in Proteins Rare in Proteins
&
Known to Stabilize p-Hairpins



Disulfide-Containing Parallel 3-Sheet in Aqueous Solution:
Structural Analysis Indicates Termination of the Sheet

10 Best Structures from 2D NMR,
pH 3.8, 4°C, NOE-restrained dynamics (CNS)

Average Structure

Almeida, Li, Gellman J. Am. Chem. Soc. 134:75 (2012)
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B-Sheet Population Analysis: Impact of the Disulfide

W SH
100 - -
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% 60 -
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3 R S Vv
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0 hM_.._ o ¥ H oV wHOORf Izl_.vh
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Parallel B-Sheet Stabilization by E L R
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Conclusion: Autonomously Folding Secondary Structures Enable
Evaluation of Sequence-Stability Relationships that would be
Difficult to Assess in Proteins (Tertiary Structure Context)

VS.

Pepsin (PDB 6APR)










<<
  /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


