
Allosteric Effects in Coiled-Coil Proteins Folding and Lanthanide-ion Binding 

Manickasundaram Samiappan, Samaa Alasibi, Rivka Cohen-Luria, Abraham Shanzer, and Gonen 
Ashkenasy* 

 

*Corresponding author: Gonen Ashkenasy 

Email: gonenash@bgu.ac.il 
 

 

Supporting information 

1. Experimental section 

Peptide synthesis 

All peptides were synthesized at 0.1-0.2 mmol scale on a Rink amide MBHA resin using 

standard Fmoc protocols. Fmoc deprotection was done using 25% piperidine in DMF. 

Synthesis of azide-modified peptides. Triflyl azide, used for modification of amine at the n-

terminus or side chain (see below), was synthesized as follows: a suspension of sodium azide 

(3.3 mmol) in 4 ml pyridine was cooled in ice path. Then triflic anhydride (2.78 mmol) was 

added to the mixture by a syringe during 5 min while stirring. After the reaction was maintained 

for 2 h in ice path, the TfN3-containing solution (filtration of the salts was done when necessary) 

was added directly to the amine solution for subsequent diazo transfer reaction. 

The peptide with free amine, on resin (100 mg of resin), was swelled in DMF for 20 min 

followed by the addition of 0.02 mmol of CuSO4 in MeOH (1 ml), and triethylamine (0.02 mol). 

The mixture was cooled in ice bath for a few minutes, and then the solution of triflyl azide in 

pyridine was added dropwise. The reaction mixture was allowed to warm to room temperature 

and reacted for 5 h. The same procedure was repeated 3 times with fresh reagents. Upon 

completion, the reaction mixture was washed with DMF, diethyldithiocarbamic acid sodium salt 

in DMF (0.02 M, 3×10 min), DIPEA/DMF (99.5:0.5, 3×2 min), and finally with DMF, DCM 

and ether. 

The azido-peptides were obtained after cleavage and global deprotection with a mixture of 

TFA:TIS:water 95:2.5:2.5. All the studied peptides were purified by preparative HPLC using 
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C18 reverse phase column (Agilent, Zorbax, 300 SB, 7 µM, 21.2×250 mm) with a step gradient 

of solvent A (99% water, 1% acetonitrile (ACN), 0.1% TFA) and B (90% ACN, 10% water, 

0.07% TFA). The identity and purity of the peptides were analysed by analytical HPLC (Agilent, 

Zorbax column, 300 SB, 5 µM, 4.6×150 mm) with the same solvent system for elution and ESI-

MS.  

Synthesis of HPO-peptide conjugates via the ‘click’ reaction. The azido-peptide (1 eq.) and 

acetylene-HPO (0.5 eq.) were dissolved in 1 mL water/t-BuOH. A mixture of CuSO4 (1% mole 

eq.) and TBTA (5% mole eq.) was added to the solution, degased, and then sodium ascorbate 

(0.5 eq.) was also added. The mixture was shaken for 24 hours at 370C. The progress of the 

reaction was monitored by analytical HPLC; upon completion the product was purified by 

preparative HPLC, and analyzed by HPLC and ESI-MS.   

Characterization of HPO-peptides-lanthanide complexes  

Stock solutions of HPO-peptides were prepared in water, and their actual concentrations were 

determined from the UV-absorption of the HPO moiety at 320 nm. The peptide-lanthanide 

complexes were prepared by mixing the respective solutions, in 200 mM MOPS buffer at pH 6.5 

(in some cases up to 10% acetonitrile was added, if needed to improve solubility), at appropriate 

ratios, and after equilibration of at least 1 hour prior to all the experiments. 

Fluorescence measurement. Fluorescence spectra were recorded on a Varian Cary Eclipse 

fluorescence spectrometer, equipped with a 96-microwellplate reader.  Spectra were collected 

from 400 to 750 nm, with an excitation wavelength of 380 nm (excitation slit width: 12 nm), and 

scan speed of 100 nm min-1.   

Circular Dichroism (CD) measurements. CD measurements were carried on a Jasco 815 CD 

spectropolarimeter, at 250C, by using a quartz cell with 1.0 mm path length. CD spectra were 

obtained as the average of three scans and collecting data at 1 nm intervals from 260 to 200 nm. 

The CD signals resulting from buffer were subtracted from the spectrum of each peptide 

solution. Data was converted to molar ellipticity (Ө in deg*cm2*dmol-1) according to the 

equation: [Ө] = Ψ / (1000 nlc), where Ψ is the CD signal in degrees, n is the number of peptide 

bonds, l is the path length in centimeters, and c is the concentration in decimoles per cm3. 

MALDI-TOF MS analysis. MALDI-TOF measurements were carried out on a Reflex IV mass 

spectrometer (Bruker, Germany) equipped with a nitrogen laser. Freshly formed complexes of 
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[Ln-(HPO-1)3]
+3 were measured with DHB (2,5-dihydroxybenzoic acid) or SA (sinapinic acid) 

as matrix, in a mass window from 10 KDa to 100 KDa. The results obtained with accuracy of 

±10 molecular units from the calculated mass. 
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2. Additional figures and captions 

 

 

Figure s1: Emission spectrum of acetylene-HPO (1 mM) following excitation at 380 nm. The ligand was 
dissolved in MOPS buffer/ACN mixture (9:1) at pH 6.5.  

 

 

 

  

Figure s2: left - Spectral changes in Eu(III) (500 µM) emission upon addition of acetylene-HPO (0  5.0 
equivalent), in MOPS buffer pH 6.5. Right - Spectral changes in Tb(III) (500 µM) emission upon addition 
of acetylene-HPO (0  4.0 equivalents), in MOPS buffer pH 6.5. 
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Figure s3: Characterization of 1’, N3-1’ and HPO-1’.  a) HPLC chromatogram of the crude peptides 1’ 
and N3-1’ obtained after cleavage and global deprotection. b) HPLC chromatogram and ESI-MS of pure 
N3-1’. c) HPLC chromatogram and ESI-MS of pure HPO-1’. 

 

 

 

Figure s4: Characterization of 120-29, N3-1
20-29 and HPO-120-29.  a) HPLC chromatogram of the crude 

peptides 120-29 and N3-1
20-29 obtained after cleavage and global deprotection. b) HPLC chromatogram and 

ESI-MS of pure N3-1
20-29. c) HPLC chromatogram and ESI-MS of pure HPO-120-29. 
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Figure s5: Characterization of 2920
KR1 
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 obtained after cleavage and global deprotection. b) HPLC chromatogram and 
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Figure s6: Emission spectrum of HPO-acetylene:(HPO)1:Tb(III) 2920

KR


   in ratio of 1:1:2 [500 µM: 500 µM: 

1000 µM], in 200 mM MOPS buffer pH 6.5, excited at 380 nm. Characterization of this complex by 
MALDI-TOF MS also supported the formation of complex with 1:1:2 stoichiometry; found mass = 2254, 
very closely accounts to the calculated MW+Na+. 

 

 

 

 

Figure s7: Emission spectra of (HPO)1:Tb(III) 2920

KR




and (HPO)1:Eu(III) 2920

KR




, in a ratio of 1:3 [500 µM: 1500 
µM], in 200 mM MOPS buffer pH 6.5, excited at 380 nm.  

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /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 false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


