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General Methods: UV spectra were recorded on a PerkinElmer Lambda 40 spectrometer
at a scan speed of 480 nm s™ and of bandwidth 1 nm. Fluorescence spectra were recorded
on a PTI QM-7 fluorimeter, emission and excitation were internally corrected and both
set to a bandwidth of 2 nm. Preparative HPLC was performed on a Waters 717plus
autosampler. Linear gradients of eluent A (0.1% TFA / water) and eluent B (0.05 % TFA
/ acetronitrile) at a flow rate of 10 mL min™ were performed on a Macherey-Nagel
Nucleosil 100-7 C18 21x250 mm? column. LC-MS was performed on a Thermo
Separation Products AS3000 autosampler equipped with a TSP P4000 quaternary pump
and TSP UV6000LP photo diode array. Linear gradients of A (0.1 % formic acid / water)
and B (acetonitrile) with a flow rate of 0.2 mL min”' were performed on a Waters Atlantis
dC18-3 3x100 mm” column. The flow from the HPLC was directly fed into the ESI
source of a Finnigan LCQ Deca ion trap spectrometer. HR-ESI-MS were taken on an
IonSpec Ultima 4.7 T FT Ion Cyclotron Resonance spectrometer.

Synthesis of peptide 1a: Peptide 1a was synthesized according to literature' on 10 uM
scale on NovaSyn TG Sieberamide resin (0.156 mmol/g load). Fmoc-Lys(Mtt)-OH, and
Fmoc-Gly-OH were coupled via HOBt/HBTU activation while the spiropyran was
introduced by coupling of a Fmoc-2-aminoethylglycine-spiropyran-OPfp pre-activated
building block'?. Final capping was realized with acetic acid anhydride / triethylamine /
NMP 1:1:10, 3 min. Cleavage was achieved by dropping 20 ml 1 % trifluoroacetic acid /
4 % triisopropylsilane in hexafluoroisopropanol / dichloromethane 3:7 within 20 min
over the resin. The obtained solution was evaporated to dryness, dissolved in 2 ml
acetonitrile / water 1:1 and separated via preparative HPLC (5 % to 60 % in 60 min, tz =
41.6 min) to obtain 5.4 mg [50 %] of pure product.

LC-MS (5 % to 70 % B in 30 min): 1ayc tz = 12.54 min, 1agp, £z = 15.8 min; both
isomers: m/z = 971.5 [M+Na]" (90), 949.6 (100) [M+H]", 475.5 (50) [M+2H]*", 317.5
(30) [M+3H]*"; HR-ESI-MS: calcd. 949.5254 for [C4¢HesN1,010+H]", found 949.5258;
UV-spectra: 0.1 % TFA: 1ag, Apee =270 nm, 352 nm; 1ame Apax = 315 nm, 420 nm; pH
5.0 — 8.0 1agp Ayax = 270 (18 400 M'em™) nm, 351 (11 400 M'cm™) nm; 1ape 373 (20
500 M'lcm'l) nm, 520 (30 400 M'lcm'l) nm; isosbestic point 1ag, / 1ame in 0.1% TFA: 4
=290 nm, pH 5.0 — 8.0 4 = 304 nm; isosbestic point 0.1 % TFA /pH 5.0 — 8.0: 1ay, 4=
343 nm, 390 nm, 460 nm; fluorescence emission of 1a,,.: excitation at 520 nm, 2 nm
bandwith, ., =603 nm.

U'T. Stafforst, U. Diederichsen, Eur. J. Org. Chem., 2007, 681.
? Fmoc-2-aminoethylglycine-spiropyran-OPfp was synthesized via the common route analog to literature.
A. Samat, D. De Keukeleire, R. J. Guglielmetti, Bull. Soc. Chim. Belg., 1991, 100(9), 679.
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Fig 1. LC-MS of peptide 1a: first row: UV-trace 254 nm, second row: mass-trace, third row: UV-spectra of
lay,, fourth row: mass spectra of 1ay,, fifth row: UV-spectra of 1ag,, sixth row: mass spectra of 1ag,.
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Synthesis of peptide 1b: Peptide 1b was synthesized from 1a by adding 10 equiv. 3-
formylsalicylic acid to a ~ 2 millimolar solution of peptide 1a in 10 mM sodium
phosphate buffer, 100 mM NaCl pH 5.0, and keeping at 60 °C over night. The deep
orange raw product was separated via preparative HPLC (5 % to 50 % in 60 min), tz =
34.1 min.

LC-MS (5 % to 70 % B in 30 min): 1by, tz = 12.72 min, m/z = 948.6 (40) [M+H]",
475.3 (100) [M+2H]*", 317.7 (80) [M+3H]*"; HR-ESI-MS: calcd. 948.5301 for
[C47H69N11010+H]+, found 948.5315; UV-spectra: 0.1 % TFA, pH 5.0 — 8.0: 1bsp Aax =
266- 320 nm (flat); 1bme Anar = 441 (12 900 M'em™) nm; isosbestic point: 1bsp / 1bme
whole pH-range A = 309 nm; fluorescence emission of 1by,: excitation at 440 nm, 2 nm
bandwidth, A, =601 nm.
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Fig 2. LC-MS of peptide 1b: first row: UV-trace 254 nm, second row: mass-trace, third row: UV-spectra of
1b,,., fourth row: mass spectra of 1by,.
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949.5258

Fig 3. HR-ESI of peptide 1a, and prediéted signal pattern (inset) for [C46HesN12010+H]".
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Fig 4. HR-ESI of peptide 1b, and predictéd signal pattern (inset) for [C47HgoN,0,¢+H]".



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008

Electronic Supplementary Information 6/18

Aldehyde Exchange Reaction 1a --> 1b
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Fig. 5 Aldehyde exchange reaction: peptide 1a was heated in presence of an excess of commercially
purchased 3-formylsalicylic acid (FSA). The depletion of the starting material 1a, the formation of the
product 1b and of the side product 5-nitrosalicylaldehyde 3a was monitored by LC-MS. Given is the LC-
MS after complete reaction (14 h): First row: UV-trace 254 nm; second row: mass spectrum at 12.60 min
assigned to 1by,; third row: UV-spectra at 21.80 min assigned to 3a. Conditions: 5% to 70% in 30 min
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Degradation of Peptide 1a
Before Degradation
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Fig 6. Degradation of peptide 1a. LC-MS of peptide 1a before start of degrradation (0 min), buffer pH 7.0:
first row: UV-trace 254 nm, second row: mass spectrum at 12.01 min assigned to 1a,,, third row: mass
spectra at 14.10 min assigned to 1ag,. Conditions: 5 to 95% in 20 min
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After Degradation of Peptide 1a
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Fig 7. Degradétion of peptide 1a. LC-MS of peptide 1a after 5 min at 90 °C in buffer pH 7.0: first row:
UV-trace 254 nm, second row: UV spectra at 5.40 min assigned to 2, third row: mass spectra at 5.40 min
assigned to 2; fourth row: UV-spectra at 19.01 min assigned to 3a. Conditions: 5 to 95% in 20 min
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Reference Compounds
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Fig 8. Reference: commercially purchased 5-nitrosalicylaldehyde = 3a. LC-MS of peptide 3a UV-trace 254
nm, second row: UV spectrum at 19.10 min (3a). Conditions: 5 to 95% in 20 min
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Fig 9. UV-Reference for Fischer's base: commercially purchased 1,2,3,3-tetramethylindolium iodide. LC-
MS of 1,2,3,3-tetramethylindolium iodide: UV-trace 254 nm, second row: UV spectrum at 12.6 min.
Conditions: 5 to 95% in 20 min
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Coinjection of Degraded Peptide 1a + Aldehyde Reference
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Fig 10. Coinjection of degraded peptide 1a plus commercially purchased 5-nitrosalicylaldehyde as a
reference for 3a: LC-MS: first row: UV-trace 254 nm, second row: UV spectrum at 19.12 min assigned to
3a + reference. Conditions: 5 to 95% in 20 min
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Degradation of Peptide 1b
Before Degradation
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Fig 11. Degradation of peptide 1b. LC-MS of peptide 1b before start of degradation (0 min), buffer pH 7.0:

first row: UV-trace 254 nm, second row: mass spectrum at 12.30 min assigned to 1b,,.. Conditions: 5 to
95% in 20 min
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Fig 12. Degradation of peptide 1b. LC-MS of peptide 1b after 5 min at 90 °C in buffer pH 7.0: first row:

UV-trace 254 nm, second row: UV spectrum at 5.32 min assigned to 2, third row: mass spectrum at 5.32
min assigned to 2, fourth row: UV spectrum at 16.06 min assigned to 3b. Conditions: 5 to 95% in 20 min
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254 nm, second row: UV spectrum at 16.10 min (3b). Conditions: 5 to 95% in 20 min

T
250



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008

Electronic Supplementary Information 14/18

Coinjection of Degraded Peptide 1b + Aldehyde Reference
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Fig 14. Coinjection of degraded peptide 1b plus commercially purchased 3-formylsalicylic acid as a
reference for 3b: LC-MS: first row: UV-trace 254 nm, second row: UV spectrum at 16.12 min assigned to
3b + reference. Conditions: 5 to 95% in 20 min
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Fig. 15 High-resolution ESI-MS spectra of 2. The inset shows the predicted signal pattern for the assumed
molecular formula [C3HgsN;,O+H]".



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008

Electronic Supplementary Information 16/18

Kinetic measurements: A stock solution (~ 2 mM) of the respective peptide in 0.2 %
TFA / water was heated up to 90 °C on a water bath in a light-protected amber
Eppendorf-cup for 1 - 2 min to convert the peptides fully into the merocyanine form.
These stock solutions were 100-fold diluted into 700 uL 0.1 % TFA or the respective 10
mM sodium phosphate buffer, 100 mM NacCl, pH 5.0, 6.0, 7.0 or 8.0 into 10 mm quartz
glass UV cuvettes. A second set of samples was prepared as above but was subsequently
irradiated with visible light (Conrad Electronic LED Spot Luxeon Green 3W 520 nm 17
nm halfwidth for 1a and Conrad Electronic LED Spot Luxeon Blue 3W 465 nm 15 nm
halfwidth for 1b) in order to obtain the respective pure spiropyran form of the
photoswitch. The UV absorbance traces (520 nm for 1a in pH 5.0 — 8.0, 420 nm for 1a in
0.1 % TFA, and 440 nm for 1b in the whole pH range) were then taken at constant
temperature under control of a Peltier element in a sample changer (1ame and 1ag, or 1bpy
and 1bg, always in parallel). Prior to the start of the kinetic measurements, the content of
the respective isomeric form was always controlled by UV-spectroscopy and for peptide
1a also by LC-MS. The minor isomer was never detectable.

The three rates ki, k. and k, were computed with the program DynaFit (version 3.28.054;
P. Kuzmic, Anal. Biochem., 1996, 237, 260-273) by solving the following set of
differential equations. For each pH the absorbance trace related to the merocyanine-form
and the trace related to the spiropyran-form were fitted simultaneously to the set of
differential equations, therefore concentration changes of the merocyanine form were
related to the observed absorbance changes in the visible region (520 nm for 1a and 440
nm for 1b). The k.; was set to 0 for 1b and only 4, and &, were computed.

Aol lople e

el lap)- el ]
LUZ)] = +k [mc]
di ’
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Fig. 16 Absorbance time traces for determination of &y, k; and k. Traces were taken at 25.0 °C for 1a,,
(blue) or 1a,, (red) each 20 uM in 10 mM sodium phosphate buffer, 100 mM NaCl, 25 °C. The kinetic
parameters were obtained from fits (DynaFit) that are given as dashed black lines.



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008

Electronic Supplementary Information 18/18

absorption 440 nm

0.30 4 0.30
0.25 - 0.25
E
0.20 o 0.20
0.1 % TFA 3
5
0.15 - S i
3 0.15 pH 5.0
[=}
1723
0.10 - < 0.104
0.05 - 0.05
000 tor 4+—ve- pr v v+—-"+-—5-—+—7-—-"+-—"T"—"+—"7—"7—"7"1 0.00 . . . . . . . . .
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
time / min time / min
0.30
0.30
0.25 .
E 020 0.254
g pH 6.0 E
< o 0.204 H7.0
c < -
2 0.154 3 P
g 2 0154
2 =
Qo o
S 010 2
® 0.104
1
1 '
0.05 |
I 0051
, h
! ,
0.00 T T T T T T T T 1 0.00 -4 T T = T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
time / min time / min
0.30
0.25 -]
£
S 020
S 020
:rr pH 8.0
c
S 0.154
o
o
172}
® 0.10
0.05
0.00 T T T T T T T T T 1
0 200 400 600 800 1000 1200 1400 1600 1800

time / min

Fig. 17 Absorbance time traces for determination of k;, k.; and k,. Traces were taken for 1bg, (blue) or 1by,
(red) each 25 uM in 10 mM sodium phosphate buffer, 100 mM NacCl, 29.0 °C. The kinetic parameters were
obtained from fits (DynaFit) that are given as dashed black lines.




<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


