Are Free Radicals Involved in IspH Catalysis?

An EPR and Crystallographic Investigation

Supporting Information

Weixue Wang', Ke Wang?, Ingrid Span’, Johann Jauch®, Adelbert Bacher® Michael Groll® and Eric
Oldfield* "

! Center for Biophysics and Computational Biology, 607 South Mathews Avenue, and > Department
of Chemistry, 600 South Mathews Avenue, University of Illinois at Urbana-Champaign, Urbana,
Ilinois 61801, United States. * Center for Integrated Protein Science, Chair of Biochemistry,
Chemistry Department, Technische Universitdt Miinchen, Lichtenbergstrasse 4, 85747 Garching,
Germany. * Universitit des Saarlandes, Organische Chemie II, Postfach 15 11 50, 66041
Saarbriicken, Germany.

S1



Table S1. 'O hyperfine coupling constants of oxygen-containing ligands bound to the aconitase Fe, site (the

unique 4 iron). Units: MHz.

Sample Substrate/inhibitor- Substrate Trans-aconitate Nitro-
Ligand free aconitase (cis-aconitate) bound aconitase isocitrate bound
bound to Fe, bound aconitase aconitase

HO (solvent) Ao =10.3 - - -

H,O (solvent) - Aiso = 8.6 Aiso=9.3 Aiso=8.6
Hydroxyl group - - - Aiso=9.5
Carboxyl group - 4,=15 - A4,=13

(B carboxyl) (a carboxyl)
References 1 1;2 1 1-3
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Table S2. g tensors of various iron-sulfur proteins and model systems.

Enzymes comments g | & | & | giso | Ag |references
ligand-free (major component) 2.040 | 1.916 | 1.865 | 1.940 | 0.175
+ 4
[FeaS4] Agquifex aeolicus IspH ligand-free (minor component) 2.040 | 1.935 | 1.840 | 1.938 | 0.200
enzymes with pyridine diphosphate inhibitor | 2.041 | 1.921 | 1.853 | 1.938 | 0.188
E. coli IspH ligand-free (reconstituted) 2.037 | 1.921 | 1.921 | 1.960 | 0.116
E. coli IspG ligand-free 204 | 1.90 | 190 | 195 | 0.140
ligand-free, S=1/2 component 203 | 1.94 | 1.88 | 195 | 0.15
E.coli fumarase 8
with sodium fumarate 2035 | 192 | 1.815 | 192 | 022
aconitase ligand-free 206 | 1.93 | 186 | 195 0.2
(from bovine heart) 9
citrate bound 2.04 1.85 1.78 1.89 0.26
endonuclease 111
2.04 1.94 1.94 1.97 0.1 10
Fe-S center
Pyruvate formate-lyase ligand-free 2.02 1.94 1.88 | 1.947 | 0.14
) 11,12
activating enzyme SAM bound 2.01 1.88 1.87 192 | 0.14
cluster I 2.017 | 1.938 | 1.908 | 1.954 | 0.109
Benzoyl CoA reductase cluster II 2.05 1.93 1.93 1.971 | 0.123 13
cluster I1I 2.03 1.995 1.965 | 1.997 | 0.065
DNA polymerase
. 2.04 1.93 1.93 1.97 0.11 14
CysB motif
Bacillus polymyxa
. 2.06 1.93 1.88 1.96 0.180 15
ferredoxin
Bacillus
stearothermophilus 2.06 1.93 1.89 1.96 | 0.170 16
ferredoxins .
ferredoxin
Chromatium ferredoxin 2.04 1.93 1.93 1.97 | 0.110 17 18
Clostridium pasterianum
. 2.06 1.92 1.88 1.95 0.180
ferredoxin
— 19
Desulfovibrio gigas
. 2.07 1.94 1.92 1.98 0.150
ferredoxin
Rhodospirillum rubrum
. 2.03 1.94 1.94 1.97 0.090 20
ferredoxin
R. gelatinosa high potential .
. ) super-reduced, [4Fe-4S] 2.04 1.92 1.92 1.96 | 0.120 21
iron-sulfur protein
[FesS4(SCH,Ph), > 204 | 193 | 193 | 197 | 0.110 22
synthetic P -
[Fe4S4(SPh),4]” in solution 2.06 1.93 1.93 1.97 | 0.130 23
[FeqSql+ o
[FesS4(SCH,CH,0H),] 205 | 193 | 193 | 197 | o115 24
[FesSy(S-p-CoH,Br),]™
. 2.06 1.93 1.89 1.96 0.170 25’26
polycrystalline
[FeaS4(S-p-CoHiBr)s]™
. . 2.04 1.92 1.92 1.96 0.120 26
in solution
oxidized R. gelatinosa HiPIP 2.11 203 | 2.03 | 2.06 | 0.080 27
high Chromatium vinosum the major component 2.12 2.04 2.02 2.06 | 0.100 28
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potential

HiPIP

iron-sulfur Chromatium vinosum
. the minor component 213 | 2.07 | 204 | 2.08 | 0.090
proteins HiPIP
(HiPIP) Ectothiorhodospira
. ) single component 2.145 | 2.034 | 2.024 | 2.068 | 0.121 29
halophila iso-11 HiPIP
Rhodoferax fermentans
2.114 | 2.033 | 2.033 | 2.060 | 0.081 30
HiPIP
E. halophila HiPIP 1 the major isomer 214 | 2.03 | 203 | 207 | 0.110 31
E. halophila HiPIP 1 the minor isomer 210 | 2.06 | 2.03 | 2.06 | 0.070
Rhodocyclus tenuis HiPIP 2.11 2.03 2.03 2.06 | 0.080 32
Rhodophila globiformis
2.12 2.03 2.03 2.06 0.090 21
HiPIP
Thiobacillus ferrooxidans 2.127 | 2.034 | 2.034 | 2.065 | 0.093 33
Halorhodospira halophila
major component (91%) 2.1435 | 2.0350 | 2.0295 | 2.0693 | 0.1140
isoprotein I
Ectothiorhodospira
) ) major component (70%) 2.1090 | 2.0287 | 2.0287 | 2.0555 | 0.0803
vacuolata isoprotein | 34
Ectothiorhodospira
. . major component (70%) 2.112 | 2.038 | 2.025 | 2.0583 | 0.0870
vacuolata isoprotein 11
Rubrivivax gelatinosus major component (64%) 2.1127 | 2.0305 | 2.0305 | 2.0579 | 0.0822
(NBuy)[FesS4(SR),] in toluene 2.10 | 2.05 2.03 2.06 | 0.070 35
synthetic 2.142 | 2.013 | 2.004 | 2.053 | 0.138
HiPIP [(C,Hs)4N], 2.146 | 2.009 | 2.003 | 2.053 | 0.143
y-irradiated single crystal 36
models [FesS4(SCH,Ph),4] 2.101 | 2.039 | 2.023 | 2.054 | 0.078
2.070 | 2.026 | 2.018 | 2.038 | 0.052
/\OH 2.125 | 2.015 | 2.000 | 2.047 | 0.125 4
/\ OPP 2080 | 2010 | 2.000 | 2.030 | 0.080 4
o) 2.112 | 2.011 | 2.011 | 2.045 | 0.101
, , 37
Agquifex aeolicus IspH // OH 2.085 | 2.011 | 2.011 | 2.036 | 0.074
[4Fe-4S] 0 /
enzymes PPO 2.087 | 2015 | 2000 | 2.034 | 0.087 | Fig. S1A
With
unsaturated /\/\/OPP Fie. SIB
2.059 | 2.007 | 2.007 | 2.024 | 0.052 12.
ligands 4 £
Agquifex aeolicus 1spH .
2.088 | 2.006 | 1.995 | 2.030 | 0.093 F]g S1C
E126Q mutant OPP (2)
= OH 2145 | 2,011 | 1990 | 2.049 | 0.155 | Fig. S1D
E. coli IspH H
P /\/O 2.135 | 2.008 | 1985 | 2043 | 0.150 | Fig. S1E
"0PP 2059 | 2.002 | 1982 | 2014 | 0.077 | Fig. SIF




OPP

/V 2085 | 2.015 | 2.001 | 2.034 | 0084 | Fig. SIG
HO\/\OPP 2099 | 2008 | 2.008 | 2038 | 0.091 | Fig. SIH
HO\)\/\ 2.090 | 2.010 1.975 | 2.025 | 0.115 38
OPP (1)
E. coli IspG %\/\ 2088 | 2.012 | 2.003 | 2.034 | 0085 | Fig. SII
OPP
/\ OPP 2.090 | 2.012 | 1.995 | 2.032 | 0.095 38
T. thermophilus 1spH )\/\ 2,065 | 1.995 | 1.975 | 2.012 | 0.090 38
OPP (2)
Benzoyl-CoA reductase HC=CH 2.120 | 2.017 | 2.017 | 2.051 | 0.103 13
H,C=CH, 2123 | 1.978 | 1.949 | 2.017 | 0.174
nitrogenase OH 39
/\/ 2.123 1.998 1.986 | 2.036 | 0.137
IspH Aquifex aeolicus IspH HMBPP (1), 30 sec intermediate | 2.172 | 2.010 | 1.994 | 2.059 | 0.178 | Fig. S1J
reaction HMBPP (1), 30 sec intermediate | 2.172 | 2011 | 1.996 | 2.060 | 0.176 | Fig. 3A
intermediates iso-HMBPP (5), 30 sec intermediate| 2.171 | 2.005 | 2.005 | 2.060 | 0.166 | Fig. 6D
trapped with E. coli IspH
the wild type FMBPP (4), 30 sec intermediate | 2.172 | 2.011 | 1.996 | 2.060 | 0.176 | Fig. 3B
enzyme
Agquifex aeolicus IspH
HMBPP (1, unreactive) 2122 | 1.997 | 1.975 | 2.031 | 0.147 4
E126A mutant
HMBPP (1, unreactive) 2122 | 1.999 | 1.963 | 2.028 | 0.159 | Fig. SIK
IspH reaction| Aquifex aeolicus IspH  |iso-HMBPP (5, unreactive), comp. I| 2.091 | 2.007 | 1.994 | 2.031 | 0.097
intermediates E126Q mutant iso-HMBPP (5, unreactive), Fig. SIL
2.091 1.994 | 1.994 | 2.026 | 0.097
trapped with comp. II
E126A/E126 HMBPP (1, unreactive) 2.132 | 2003 | 1972 | 2.036 | 0.160 | Fig. 1A
Q mutants FMBPP (4, unreactive) 2.132 | 2.003 | 1.972 | 2.036 | 0.160 | Fig. 1C
E. coli IspH
iso-HMBPP (5, unreactive), comp. I| 2.091 | 1.999 | 1.999 | 2.030 | 0.092
E126Q mutant .
iso-HMBPP (5, unreactive), Fig. 6C
2.091 1.999 | 1.982 | 2.024 | 0.109
comp. I
IspG reaction E. coli IspG reaction intermediate “X” 2.092 | 2.018 | 1.999 | 2.036 | 0.093 38
intermediate | T thermophilus IspG reaction intermediate “X” 2.087 | 2.019 | 2.000 | 2.035 | 0.087 40
Ferredoxin: reaction intermediate 2.11 2.00 1.98 2.03 0.13 41
FTR fi inach .
Thioredoxin for spinac NEM-modified 211 | 200 | 198 | 203 | 013
42
Reductase super oxidized 2.090 | 2.040 | 2.020 | 2.05 | 0.07
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Table S3. Data collection and refinement statistics.

IspH:iso-HMBPP (5)

Crystal parameter

Space group P2,2,2,
Celldimensions
a,b,c(A) 70.6; 80.8; 113.1
Molecules per AU? 2
Data collection
Beam line SLS, X06SA
Wavelength (A) 1.0
Resolution range (A)° 10-1.9 (2.0-1.9)
Unique reflections® 98052
Completeness (%)" 99.6 (99.1)
Rinerge (%)™ 6.8 (49.0)
/6 () 11.6 (2.5)
Refinement
Resolution (A) 15-1.9
Ryoric / Riree 0.179/0.221
No. atoms

Protein 4773

Ligand 28
FeS-Cluster 16
Water 518
B-factors 29.3
R.m.s. deviations’

Bond lengths (A) 0.023

Bond angles (°) 2.3
Ramachandran (%)® 98.2/1.8/0.0
PDB accessioncode 4EB3

* Asymmetric unit

® values in parenthesis of resolution range, completeness, Rinerge and I/o (I) correspond to the last resolution shell
‘Friedel pairs were treated as identical reflections

dRmcrgc(l) = ZhZi |[1(hkD); - 1(hkD)] |/[Znialha , where I(hkl); is the jth measurement of the intensity of reflection hkl and
<I(hkl)> is the average intensity

R = Xy | [Fovsl = |Feate| [/Ztwt [Fobsl, Where Ry is calculated without a sigma cutoff for a randomly chosen 5% of
reflections, which were not used for structure refinement, and Ry, is calculated for the remaining reflections
"Deviations from ideal bond lengths/angles

€ Number of residues in favoured region / allowed region / outlier region
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Figure S1. Previously unpublished X-band EPR spectra of IspH/IspG with alkene/alkyne ligands, and A.

aeolicus IspH reaction intermediates.
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Figure S2. X-band EPR spectra of E.coli IspH with 1 (HMBPP) after different reaction times. (A), reaction in
the absence of any electron mediator. IspH protein concentration was 0.15 mM; sodium dithionite was added to

30 equivalents; substrate 1 was added to 10 equivalents. The reaction was freeze-quenched at 30 seconds and 3,

10, 25 and 40 minutes. At the first three time points, only the reaction intermediate signal was observed; at 25

min, a mixture of the intermediate and products-bound IspH was observed; at 40 min, only products-bound IspH

signal was observed. The top spectrum is the EPR spectrum of IspH with 30 equivalents of sodium dithionite

and without substrate 1. (B), reaction in the presence of 1 equivalent of methyl viologen. Sodium dithionite was

added to 120 equivalents and substrate 1 was added to 50 equivalents. The reaction was freeze-quenched at

about 2 and 5 seconds.

S8



References:
(1) Werst, M. M.; Kennedy, M. C.; Beinert, H.; Hoffman, B. M. Biochemistry 1990, 29, 10526.
(2) Kennedy, M. C.; Werst, M.; Telser, J.; Emptage, M. H.; Beinert, H.; Hoffman, B. M. Proc Natl Acad Sci U S A
1987, 84, 8854.
(3) Telser, J.; Emptage, M. H.; Merkle, H.; Kennedy, M. C.; Beinert, H.; Hoffman, B. M. J Biol Chem 1986, 261,
4840.
(4) Wang, W.; Wang, K.; Liu, Y.-L.; No, J. H.; Nilges, M. J.; Oldfield, E. Proc Natl Acad Sci USA 2010, 107, 4522.
(5) Wang, W,; Li, J.; Wang, K.; Smirnova, T. L.; Oldfield, E. J Am Chem Soc 2011, 133, 6525.
(6) Wolft, M.; Seemann, M.; Tse Sum Bui, B.; Frapart, Y.; Tritsch, D.; Garcia Estrabot, A.; Rodriguez-Concepcion,
M.; Boronat, A.; Marquet, A.; Rohmer, M. FEBS Lett 2003, 541, 115.
(7) Xiao, Y.; Zahariou, G.; Sanakis, Y.; Liu, P. Biochemistry 2009, 48, 10483.
(8) Flint, D. H.; Emptage, M. H.; Guest, J. R. Biochemistry 1992, 31, 10331.
(9) Beinert, H.; Kennedy, M. C.; Stout, C. D. Chem Rev 1996, 96, 2335.
(10) Cunningham, R. P.; Asahara, H.; Bank, J. F.; Scholes, C. P.; Salerno, J. C.; Surerus, K.; Munck, E.; McCracken,
J.; Peisach, J.; Emptage, M. H. Biochemistry 1989, 28, 4450.
(11) Walsby, C. J.; Hong, W.; Broderick, W. E.; Cheek, J.; Ortillo, D.; Broderick, J. B.; Hoffman, B. M. J Am Chem
Soc 2002, 124, 3143.
(12) Walsby, C. J.; Ortillo, D.; Yang, J.; Nnyepi, M. R.; Broderick, W. E.; Hoffman, B. M.; Broderick, J. B. Inorg
Chem 2005, 44, 727.
(13) Boll, M.; Fuchs, G.; Meier, C.; Trautwein, A.; Lowe, D. J. J Biol Chem 2000, 275, 31857.
(14) Netz, D. J.; Stith, C. M.; Stumpfig, M.; Kopf, G.; Vogel, D.; Genau, H. M.; Stodola, J. L.; Lill, R.; Burgers, P.
M.; Pierik, A. J. Nat Chem Biol, 8, 125.
(15) Stombaugh, N.; Burris, R.; Ormejohn, W. J Biol Chem 1973, 248, 7951.
(16) Middleton, P.; Dickson, D. P.; Johnson, C. E.; Rush, J. D. Eur J Biochem 1978, 88, 135.
(17) Cammack, R. Biochem Biophys Res Comm 1973, 54, 548.
(18) Cammack, R. Biochem Soc Trans 1975, 3, 482.
(19) Cammack, R.; Rao, K. K.; Hall, D. O.; Moura, J. J.; Xavier, A. V.; Bruschi, M.; Le Gall, J.; Deville, A.; Gayda, J.
P. Biochim Biophys Acta 1977, 490, 311.
(20) Yoch, D. C.; Carithers, R. P.; Arnon, D. L. J Biol Chem 1977, 252, 7453.
(21) Heering, H. A.; Bulsink, Y. B.; Hagen, W. R.; Meyer, T. E. Eur J Biochem 1995, 232, 811.
(22) Laskowski, E. J.; Frankel, R. B.; Gillum, W. O.; Papaefthymiou, G. C.; Renaud, J.; Ibers, J. A.; Holm, R. H. J
Am Chem Soc 1978, 100, 5322.
(23) Laskowski, E. J.; Reynolds, J. G.; Frankel, R. B.; Foner, S.; Papaefthymiou, G. C.; Holm, R. H. J Am Chem Soc
1979, 101, 6562.
(24) Christou, G.; Garner, C. D.; Drew, M. G. B.; Cammack, R. J Chem Soc Dalton Trans 1981, 1550.
(25) Papaefthymiou, G. C.; Laskowski, E. J.; Frotapessoa, S.; Frankel, R. B.; Holm, R. H. Inorg Chem 1982, 21,
1723.
(26) Carney, M. J.; Holm, R. H.; Papaefthymiou, G. C.; Frankel, R. B. J Am Chem Soc 1986, 108, 3519.
(27) Beinert, H.; Thomson, A. J. Arch Biochem Biophys 1983, 222, 333.
(28) Dunham, W. R.; Hagen, W. R.; Fee, J. A.; Sands, R. H.; Dunbar, J. B.; Humblet, C. Biochim Biophys Acta 1991,
1079, 253.
(29) Kappl, R.; Ciurli, S.; Luchinat, C.; Huttermann, J. J Am Chem Soc 1999, 121, 1925.
(30) Hochkoeppler, A.; Kofod, P.; Ferro, G.; Ciurli, S. Arch Biochem Biophys 1995, 322, 313.
(31) Dilg, A. W. E.; Mincione, G.; Achterhold, K.; Iakovleva, O.; Mentler, M.; Luchinat, C.; Bertini, I.; Parak, F. G. J
Biol Inorg Chem 1999, 4, 727.
(32) Caspersen, M. B.; Bennett, K.; Christensen, H. E. M. Protein Express Purif 2000, 19, 259.

S9



(33) Cavazza, C.; Guigliarelli, B.; Bertrand, P.; Bruschi, M. Fems Microbiol Lett 1995, 130, 193.

(34) Priem, A. H.; Klaassen, A. A.; Reijerse, E. J.; Meyer, T. E.; Luchinat, C.; Capozzi, F.; Dunham, W. R.; Hagen, W.
R. J Biol Inorg Chem 2005, 10, 417.

(35) Papaefthymiou, V.; Millar, M. M.; Munck, E. Inorg Chem 1986, 25, 3010.

(36) Gloux, J.; Gloux, P.; Lamotte, B.; Mouesca, J. M.; Rius, G. J Am Chem Soc 1994, 116, 1953.

(37) Wang, K.; Wang, W.; No, J. H.; Zhang, Y.; Zhang, Y.; Oldfield, E. J A4m Chem Soc 2010, 132, 6719.

(38) Wang, W.; Li, J.; Wang, K.; Huang, C.; Zhang, Y.; Oldfield, E. Proc Natl Acad Sci USA 2010, 107, 11189.

(39) Lee, H. 1.; Igarashi, R. Y.; Laryukhin, M.; Doan, P. E.; Dos Santos, P. C.; Dean, D. R.; Seefeldt, L. C.; Hoffman,
B. M. J Am Chem Soc 2004, 126, 9563.

(40) Adedeji, D.; Hernandez, H.; Wiesner, J.; Kohler, U.; Jomaa, H.; Duin, E. C. FEBS Lett 2007, 581, 279.

(41) Staples, C. R.; Gaymard, E.; Stritt-Etter, A. L.; Telser, J.; Hoffman, B. M.; Schurmann, P.; Knaff, D. B.; Johnson,
M. K. Biochemistry 1998, 37, 4612.

(42) Staples, C. R.; Ameyibor, E.; Fu, W.; Gardet-Salvi, L.; Stritt-Etter, A. L.; Schurmann, P.; Knaff, D. B.; Johnson,
M. K. Biochemistry 1996, 35, 11425.

S10




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


