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General Experimental. Chemical reagents were obtained from Aldrich Chemical (Milwaukee,
WI) or Fisher Scientific (Hanover Park, IL), and used without further purification. Amino acids
and their derivatives were obtained from Novabiochem (San Diego, CA) or Chem-Impex
International (Wood Dale, IL). DMF and CH,Cl, were drawn from a Baker CYCLE-TAINER®.
Fmoc-Pro—Pro—Gly trimer was synthesized in solution as described previously.! NMR spectra
were recorded with a Bruker DMX-400 NMR spectrometer in the National Magnetic Resonance
Facility at Madison (NMRFAM). CD experiments were performed with an Aviv Model 202SF
CD spectrometer at the University of Wisconsin—Madison Biophysics Instrumentation Facility.
Mass spectrometry was performed with a Perkin-Elmer Voyager matrix-assisted laser desorption
ionization time-of-flight (MALDI-TOF) mass spectrometer in the Biophysics Instrumentation
Facility.

Synthesis and Purification of Gly(ProProGly);NH,. The peptide Gly(ProProGly);NH; was
synthesized on a 0.1-mmol scale by solid-phase methods using the Fmoc-Pro—Pro—Gly tripeptide
and Fmoc-protected amino acids, HBTU-mediated coupling, and standard reaction cycles on
Applied Biosystems Pioneer instrument at the University of Wisconsin—Madison Biotechnology
Center. Use of a resin with a PAL linker generated an amidated C-terminus following cleavage
from the resin with trifluoroacetic acid (TFA)/triisopropylsilane/H,O (38:1:1). The peptide was
purified by reverse-phase HPLC with a Varian semipreparative C18 column and elution with an
H,O/acetonitrile gradient containing TFA (0.1% v/v). The peptide product was judged to be
>90% pure based on HPLC analysis. MALDI-TOF m/z calcd for CgsH125N2302 (M) 1831.94,
obsd 1833.38 (M + H").

Synthesis of macrocycle 2. To a solution of macrocycle 1* (7.8 mg, 8.5 x 10~ mmol) in
CH,ClI; (10 mL) was added DIEA (35.0 uL, 0.206 mmol) and 3-mecaptopropionic acid (9.0 uL,
0.103 mmol). The resulting mixture was stirred under Ar(g) at room temperature for 2 h and then
concentrated by rotary evaporation to an oil-like residue. The product was purified by reverse-
phase HPLC with a Varian semipreparative C18 column and elution with an H,O/acetonitrile
gradient. The macrocycle 2 product (3.0 mg, 35%) was judged to be >90% pure based on HPLC
analysis. MALDI-TOF m/z calcd for C4,Hg00,:S3 (M) 996.28, obsd 1019.89 (M + Na").

Synthesis of Tethered [Gly(ProProGly);NH,]3 (3). To a solution of macrocycle 2 (1.5 mg,
1.5 x 10~ mmol) in DMF (10 mL) was added DIEA (6.3 uL, 0.036 mmol) and PyBOP (9.4 mg,
0.018 mmol). The resulting mixture was stirred under Ar(g) at room temperature for 30 min. The
peptide Gly(ProProGly);NH; (33.0 mg, 0.018 mmol) was added to the solution after 30 min, and
the reaction mixture was then stirred under Ar(g) at room temperature. After 3 days, the reaction
mixture was purified by reverse-phase HPLC with an Angilent semipreparative C8 column and
elution with an H,O/acetonitrile gradient containing TFA (0.1% v/v). The macrocycle 3 product
(3.0 mg, 31%) was judged to be >90% pure based on HPLC analysis. MALDI-TOF m/z calcd
for C300H429N69084S3 (M) 644222, obsd 6449.05 (M + H+)

Circular Dichroism (CD) Spectroscopy. Far-UV CD spectra were obtained at 4 °C in
50 mM HOACc at pH 2.9 using a 1-mm pathlength quartz cuvette and a spectrometer bandwidth
of 1 nm. The concentrations of Gly(ProProGly);NH, and tethered [Gly(ProProGly);NH,]; were
0.4-1.2 mg/mL. Thermal denaturation experiments were conducted by monitoring molar
ellipticity at 226 or 227 nm in a 1-mm pathlength quartz cuvette with a 5-min equilibration at
each  temperature. = For  cation-association  experiments, solutions of tethered

! Jenkins, C. L.; Vasbinder, M. M.; Miller, S. J.; Raines, R. T. Org. Lett. 2005, 7, 2619-2622.
* Burke, S. D.; Zhao, Q. J. Org. Chem. 2000, 65, 1489-1500.
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[Gly(ProProGly);NH;]s contained NaCl, KCI, or CsCl (0.10 M). All samples were incubated at
4 °C for at least 24 h before measurements.

Values of T, were determined by fitting the molar ellipticity at 226 or 227 nm to a two-state
model defined by the equation:

_AGO(T
N (a, +b,T)+(ay +byT) eXp(ARiUT()) "
—AG%(T))
RT

1 +exp(

The temperature dependence of AGy° is described by the Gibbs—Helmholtz equation:

AGU(T) = AH(T)(1 = T/Tw) = ACy° [(Tor=T) + Tin(T/Tim)] (2)

where AGy°(T) is the free energy of unfolding, 71, is the temperature at the midpoint of the
unfolding transition, AH°(T},) is the enthalpy change at T, and AC,° is the heat capacity change
between the folded and unfolded states. The parameters a,, by, aq4, and by define the signals of
folded state (F) and unfolded state (U) as a function of the absolute temperature (7). The value of
AC,° was set to 0 in the fit. (The exact value of T}, is not sensitive to the choice of AC,°.)

-S3—



Horng et al. Supporting Information

10 2

0
~10-
—20-
_30-
—404
50

—-60-
qo—th\/\f\J\/J W
-804
-90 T T T T
0 10 20 30 40 50 60 70

Time (min) Figure S1. HPLC traces of macrocycles 2

(top) and 3 (bottom) in H,O/acetonitrile

025 gradients containing TFA (0.1% v/v).

Absorbance at 254 nm

0.20 1

0.15

0.10

0.05

Absorbance at 214 nm

0.00+

—0.05

T T T
0 10 20 30 40
Time (min)

1.0F . A aaia
Feida

o No salt

pel
ke
€ 06 )
:C> v NaCl Figure S2. Thermal denaturation curves of
g 04 s KCI tethered [Gly(ProProGly);NH;]; (3) in 50 mM
o c HOACc containing salt (0 or 0.10 M).
L 02 + CsCl
0.0 =2 3
2V | I | I | I | |
0 10 20 30 40 50 60 70 80 90 100

T(°C)

—S4—




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


