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Materials 
 
Amino acids, amino acid derivatives, and resins were from Novabiochem. Gel filtration 
chromatography was performed with Sephadex G-50 resin from Sigma. 
 
Instrumentation 
 
Analytical HPLC was performed with an Aligent C8 column or a Varian Dynamax C18 column 
with linear gradients. Mass spectrometry was performed with an Applied Biosystems Voyager 
DE-Pro MALDI–TOF mass spectrometer with sinapinic acid (Fluka) as the matrix at the 
University of Wisconsin–Madison Biophysics Instrumentation Facility 
(www.biochem.wisc.edu/bif). Ultraviolet/visible spectra were recorded with either a Cary 50 Bio 
or a Cary 3 spectrometer. 
 
Strand and Fragment Synthesis 
 
Synthesis of (Pro-Pro-Gly)8-Cys(StBu)-Gly, Pro-!1(StBu). Fmoc-ProProGly-OH (Fmoc = 
fluorenylmethoxycarbonyl) was synthesized as described (1). Pro-!1(StBu) (StBu = tert-
butylthio) was then synthesized on Fmoc-Gly-PEG-PS resin (Applied Biosystems; PEG-PS = 
polyethyleneglycol-polystyrene copolymer): 1 " Fmoc-Cys(StBu)-OH, 8 " Fmoc-ProProGly-
OH, cleaved from the resin with 95:2.5:2.5 TFA/H2O/iPr3SiH (8 ml, 2 h; TFA = trifluoroacetic 
acid, iPr = isopropyl) and precipitated from tert-butylmethyl ether: 58% yield; MS (MALDI–
TOF) [M+H]+ calculated for C105H155N26O27S2 2277.6, found 2277.6; HPLC tR 17.79 min 
[Aligent C8 column, 85:15–15:85 H2O/CH3CN containing TFA (0.1% vol/vol) over 50 min]. 
 
Synthesis of (Pro-Hyp-Gly)8-Cys(StBu)-Gly, Hyp-!1(StBu). FmocProHypGly was synthesized as 
described (1), but with Hyp in the Yaa position (no tert-butyl protection was necessary). Hyp-
!1(StBu) was then synthesized on Fmoc-Gly-PEG-PS resin: 1 " Fmoc-Cys(StBu)-OH, 8 " 
Fmoc-ProHypGly-OH, cleaved from the resin with 95:2.5:2.5 TFA/H2O/iPr3SiH (8 ml, 2 h) and 
precipitated from tert-butylmethyl ether: 64% yield; MS (MALDI–TOF) [M+H]+ calculated for 
C105H155N26O35S2 2405.6, found 2406.2; HPLC tR 14.89 min [Aligent C8 column, 85:15–15:85 
H2O/CH3CN containing TFA (0.1% vol/vol) over 50 min]. The sample was heated at 80°C for 5 
min prior to injection onto the column; otherwise a peak for folded trimers (tR ~22 min) was 
observed.  
 
Attachment of Fmoc-Gly-OH to HMPA–PEGA resin, Fmoc-Gly-PEGA. HMPA–PEGA resin was 
obtained from Novabiochem already preswollen in MeOH with an approximate wet loading of 
0.072 mmol/g. Preswollen HMPA–PEGA resin (1.545 g, 0.111 mmol; HMPA-PEGA = 4-
hydroxymethylphenoxyacetyl-polyethyleneglycol-polyacrylamide copolymer) was washed with 
CH2Cl2 (3 " 5 ml) and dried under high vacuum for 1 h to remove all MeOH. The resin was then 
swollen in DMF (N,N-dimethylformamide) for Fmoc-Gly-OH attachment. 
 In a flame-dried flask under Ar(g) atmosphere, Fmoc-Gly-OH (331 mg, 1.11 mmol) was 
dissolved in CH2Cl2 (10 ml) and DMF (0.5 ml). The clear solution was cooled to 0°C, 
diisopropylcarbodiimide (87 ml, 0.56 mmol) was added and the mixture was stirred at 0°C for 30 
min to generate the symmetrical anhydride. The solution was concentrated to remove CH2Cl2, 
DMF (3 ml) was added, and the anhydride solution was filtered through cotton (to remove the 
insoluble urea) into the swelled resin suspension. A solution of dimethylaminopyridine (1.4 mg, 
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0.11 mmol) in DMF (0.1 ml) was added, the vessel was purged with Ar(g), and the suspension 
was agitated gently for 1.5 h. The resin was then drained, washed with DMF (7 " 10 ml) and 
CH2Cl2 (7 " 10 ml), and dried under high vacuum to give Fmoc-Gly-PEGA. Resin-loading was 
measured by ultraviolet spectroscopy to be 0.25 mmol/g. 
 
Synthesis of (Pro-Pro-Gly)3-Gly-Cys(Acm)-Cys(StBu)-Gly-(Pro-Pro-Gly)5-(HMPA–PEGA), Pro-
!2(Acm,StBu)-PEGA. Pro-!2(Acm,StBu)-PEGA (Acm = acetamidomethyl) was synthesized 
starting with Fmoc-Gly-(HMPA–PEGA) resin (0.33 g, 80 #mol): 2 " Fmoc-Pro-OH, 4 " Fmoc-
ProProGly-OH, 1 " Fmoc-Gly-OH, 1 " Fmoc-Cys(StBu)-OH, 1 " Fmoc-Cys(Acm)-OH, 1 " 
Fmoc-Gly-OH, 3 " Fmoc-ProProGly-OH. A small amount of peptide was cleaved from the resin 
with 95:2.5:2.5 TFA/H2O/iPr3SiH for analysis: MS (MALDI–TOF) [M+H]+ calculated for 
C113H168N29O30S3 2507.2, found 2508.0. 
 
Synthesis of (Pro-Hyp-Gly)3-Gly-Cys(Acm)-Cys(StBu)-Gly-(Pro-Hyp-Gly)5-(HMPA–PEGA), Hyp-
!2(Acm,StBu)-PEGA. Hyp-!2(Acm,StBu)-PEGA was synthesized by starting with Fmoc-Gly-
(HMPA–PEGA) resin (0.25 g, 61 #mol): 1 " Fmoc-Hyp(tBu)-OH, 1 " Fmoc-Pro-OH, 4 " Fmoc-
ProHypGly-OH, 1 " Fmoc-Gly-OH, 1 " Fmoc-Cys(StBu)-OH, 1 " Fmoc-Cys(Acm)-OH, 1 " 
Fmoc-Gly-OH, 3 " Fmoc-ProHypGly-OH. A small amount of peptide was cleaved from the 
resin with 95:2.5:2.5 TFA/H2O/iPr3SiH for analysis: MS (MALDI–TOF) [M+H]+ calculated for 
C113H168N29O38S3 2635.1, found 2635.6. 
 
Disulfide Bond Formation 
 
Pro-!2(p-Npys,Acm)-PEGA. Pro-!2(Acm,StBu)-PEGA (7.7 #mol) was swollen in 95:5 TFE/H2O 
(1 ml, 5 min), Bu3P (38 #L, 150 #mol) was added, and the suspension was agitated gently for 2 
h. The resin was drained, washed with TFE (trifluoroethanol, 3 " 1 ml), DMF (8 " 1 ml) and 
CH2Cl2 (8 " 1 ml), and dried under high vacuum for 30 min. The resin was then swollen in 
CH2Cl2 (0.6 ml, 5 min). A solution of p-Npys2 (2,2$-dithiobis(5-nitropyridine), 24 mg, 77 #mol) 
in CH2Cl2 (0.4 ml) was added to the swelled resin, the vessel was purged with Ar(g) and the 
suspension was agitated gently for 2 h. The resin was drained, washed with CH2Cl2 (3 " 1 ml), 
DMF (20 " 1 ml), and CH2Cl2 (8 " 1 ml), and dried under high vacuum. A small amount of 
peptide was cleaved from the resin with 95:2.5:2.5 TFA/H2O/iPr3SiH for analysis: MS (MALDI–
TOF) [M+H]+ calculated for C114H162N31O32S3 2573.1, found 2573.6. 
 
Pro-!1. A solution of Pro-!1(StBu) (28 mg, 12 #mol) and Bu3P (61 #L, 250 #mol) in 95:5 
TFE/H2O (1 ml) was agitated gently for 2 h. The peptide was precipitated from tert-butylmethyl 
ether (15 ml) to give Pro-!1: MS (MALDI–TOF) [M+H]+ calculated for C101H147N26O27S 
2188.1, found 2188.8. 
 
Pro-!1!2(Acm)-PEGA. Pro-!2(Acm,p-Npys)-PEGA (7.7 #mol) was swollen in buffer (0.4 ml, 5 
min). A solution of Pro-!1 (12 #mol) in buffer (1 ml) was added to the swelled resin, the vessel 
was purged with Ar(g), and the suspension was agitated gently for 12 h [buffer: 50 mM 
NH4OAc, 2 mM EDTA, pH 5.4, degassed and sparged with Ar(g)]. The resin was drained, 
washed with H2O (7 " 1 ml), DMF (7 " 1 ml), and CH2Cl2 (7 " 1 ml), and dried under high 
vacuum. A small amount of peptide was cleaved from the resin with 95:2.5:2.5 
TFA/H2O/iPr3SiH for analysis: MS (MALDI–TOF) [M+H]+ (average) calculated for 
C210H304N55O57S3 4607.2, found 4607.9. 
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Pro-!1!2(o-Npys)-PEGA. Pro-!1!2(Acm)-PEGA was swollen in DMF (0.4 ml, 5 min), a solution 
of o-Npys-Cl (3-nitro-2-pyridinesulfenyl chloride, 2.9 mg, 15 #mol) in DMF (0.6 ml) was added 
to the swelled resin, and the suspension was agitated gently for 2 h. The resin was drained, 
washed with DMF (8 " 1 ml) and CH2Cl2 (8 " 1 ml) and dried under high vacuum. A small 
amount of peptide was cleaved from the resin with 95:2.5:2.5 TFA/H2O/iPr3SiH for analysis: MS 
(MALDI–TOF) [M+H]+ (average) calculated for C212H301N56O58S4 4690.2, found 4688.9. 
 
Fragment 1 (Pro-!1!2!1"). Pro-!1!2(o-Npys)-PEGA (7.7 #mol) was swollen in buffer (0.4 ml, 
5 min). A solution of Pro-!1 (12 #mol) in buffer (1 ml) was added to the swelled resin, the 
vessel was purged with Ar(g), and the suspension was agitated gently for 12 h [buffer: 50 mM 
NH4OAc, 2 mM EDTA, pH 5.4, degassed and sparged with Ar(g)]. The resin was drained, 
washed with H2O (7 " 1 ml), DMF (7 " 1 ml), and CH2Cl2 (7 " 1 ml), and dried under high 
vacuum. The fragment was then cleaved from the resin with 95:2.5:2.5 TFA/H2O/iPr3SiH (8 ml, 
2 h) and precipitated from tert-butylmethyl. Crude 1 was dissolved in 20 mM NH4CO3 (pH 6.0, 
1 ml), introduced onto a Sephadex G-50 column (21 cm " 2.5 cm) and eluted with the same 
20 mM NH4CO3 buffer to give 1 (6.4 mg, 12% overall): MS (MALDI–TOF) [M+H]+ (average) 
calculated for C308H443N80O83S4 6722.6, found 6723.3; HPLC tR 18.75 min [Aligent C8 column, 
90:10–10:90 H2O/CH3CN containing TFA (0.1% vol/vol) over 60 min]. 
 
Hyp-!2(p-Npys,Acm)-PEGA. Hyp-!2(p-Npys,Acm)-PEGA was prepared as described for Pro-
!2(p-Npys,Acm)-PEGA starting with Hyp-!2(Acm,StBu)-PEGA (8.3 #mol): MS (MALDI–
TOF) [M+H]+ calculated for C114H162N31O40S3 2701.1, found 2701.1. 
 
Hyp-!1. Hyp-!1 was prepared as described for Pro-!1 starting with Hyp-!1(StBu) (32 mg, 13 
#mol): MS (MALDI–TOF) [M+H]+ calculated for C101H147N26O35S 2316.0, found 2316.3. 
 
Hyp-!1!2(Acm)-PEGA. Hyp-!1!2(Acm)-PEGA was prepared as described for Pro-!1!2(Acm)-
PEGA starting with Hyp-!2(p-Npys, Acm)-PEGA (8.3 #mol) and Hyp-!1 (13 #mol): MS 
(MALDI–TOF) [M+H]+ (average) calculated for C210H304N55O73S3 4863.2, found 4864.6. 
 
Hyp-!1!2(o-Npys)-PEGA. Hyp-!1!2(o-Npys)-PEGA was prepared as described for Pro-!1!2(o-
Npys)-PEGA starting with Hyp-!1!2(Acm)-PEGA (8.3 #mol): MS (MALDI–TOF) [M+H]+ 
(average) calculated for C212H301N56O74S4 4946.2, found 4948.6. 
 
Fragment 2 (Hyp-!1!2!1"). Fragment 2 was prepared and purified as described for fragment 1, 
starting with Hyp-!1!2(o-Npys)-PEGA (8.3 #mol) and Hyp-!1 (13 #mol) to give 2 (16.5 mg, 
28% overall): MS (MALDI–TOF) [M+H]+ (average) calculated for C308H443N80O107S4 7106.5, 
found 7109.0; HPLC tR 13.88 min (Aligent C8 column, 90:10–10:90 H2O/CH3CN containing 
TFA (0.1% vol/vol) over 60 min). 
 
Estimation of Assembly Length from Rh 
 
The lengths of assemblies (1)n and (2)n were estimated from the Rh values measured with DLS by 
using the Broersma relations (Eq. 1) (2–4) and Tirado and Garcia de la Torre relations (Eq. 2) (5, 
6), as described for collagen (7). 
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 Broersma (2–4) relations: 
 
 0 = 2Rh[! – (1/2)("|| + "!)] – L (1) 
 ! = ln(2L/d) 
 "ll = 0.807 + 0.15/! + 13.5/!2 – 37/!3 + 22/!4 
 "! = –0.193 + 0.15/! + 8.1/!2 – 18/!3 + 9/!4 
 
 Tirado and Garcia de la Torre (5–6) relations: 
 
 0 = 2Rh[(ln(p) + #)] – L (2) 
 p = L/d 
 # = 0.312 + 0.565p–1 – 0.1000p–2 
 
In Eqs. 1 and 2, L is the rod length and d is the rod diameter. After assuming that d = 1.36 nm for 
collagen (8, 9), Eqs. 1 and 2 were solved for L with the FindRoots algorithm of Igor Pro 
(Wavemetrics). 
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Fig. 5. Rate of assembly of fragments 1 and 2 
(200 µM) over 12 h, monitored at 226 nm after a 
rapid transition from 90 to 10°C. The maximal 
change in ellipticity ([%]max) for each sample was 
calculated as the difference between the ellipticity 
prior to denaturation (100% assembled) and the 
first data point at 10°C, thus omitting the initial 
jump in ellipticity (which was not resolvable) (9). 
The value of “% assembled” was then calculated 
as the ratio of the observed recovery to [%]max. Data 
were from solutions in 50 mM HOAc(aq) at pH 2.9. 
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Fig. 6. Sedimentation equilibrium data for assemblies of fragments 1 and 
2. Data were obtained by analytical ultracentrifugation of fragments 
(30 µM) in 50 mM potassium phosphate buffer at pH 2.9. (A),(C) ln plots 
of data for (1)n and (2)n, respectively, recorded at three speeds at 4°C. 
(B),(D) Species plots of (1)n and (2)n data, respectively, derived from 
analyzing the 12k data as a combination of species from monomer to 
hexamer. 
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Fig. 7. AFM and TEM images of natural type I collagen. (A) AFM height image. (B) Section 
analysis of data along the direction indicated by the arrow in Panel A. (C) TEM image after 
rotary shadowing with platinum. 



Kotch & Raines Supporting Information 

–8– 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 8. AFM images of control samples. (A) Height image of 1 after assembly denaturation 
(90°C for 15 min). (B) Height image of 2 after assembly denaturation (90°C for 15 min). (C) 
Height image of 50 mM HOAc(aq) without 1 or 2. 



<<
  /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


