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General 
All Fmoc amino acid derivatives and resins were from Novabiochem (San Diego, CA). tert-
butoxylcarbonyl-1,3-thiazolidine-4-carboxylic acid (Boc-Thz) was from Bachem (King of Prussia, 
PA). O-(1H-benzotriazole-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate (HBTU) was 
from Qbiogene (Carlsbad, CA). Solvents for HPLC and for general synthetic purposes were from 
Fisher (Fairlawn, NJ). Anhydrous solvents were from Aldrich (Milwaukee, WI) or Acros (Morris 
Plains, NJ). Piperidine and DIEA were from Applied Biosystems (Foster City, CA). Tris(2-
carboxyethyl)phosphine hydrochloride was from Strem (Newburyport, MA). Fluorescein-5-maleimide 
and Texas Red-C2-maleimide were from Molecular Probes (Eugene, OR). O-1-(2-nitrophenyl)ethyl-O’-
β-cyanoethyl-N,N-diisopropylphosphoramidite was prepared as described.[1] All other reagents were 
from Aldrich or Sigma (St. Louis, MO). Analytical gradient reversed-phase HPLC was performed on a 
Hewlett-Packard 1100 series instrument and a Vydac C18 column (5 micron, 4.6 x 150 mm). Flow rate 
was 1 mL/min and routine UV detection was at 214 and 280 nm. Semi-preparative (Vydac 15-20 
micron, 10 x 250 mm), preparative (Vydac 10 micron, 22 x 250 mm), and process (15-20 micron, 50 x 
250 mm) RP-HPLC were performed on a Waters DeltaPrep 4000 system fitted with a Waters 486 
tunable absorbance detector. Flow rate was 5 mL/min (semi-preparative), 16 mL/min (preparative), or 
30 mL/min (process). All runs used linear gradients of 0.1% aqueous TFA (solvent A) and 90% 
aqueous acetonitrile plus 0.1% TFA (solvent B). Mass spectrometric analysis was routinely performed 
on all synthetic peptides and expressed proteins on a Sciex API-100 single quadrupole spectrometer or 
a Micromass ZQ single quadrupole spectrometer. For MS/MS experiments, a Finnigan LCQ ion trap 
instrument was used.  Calculated protein masses were obtained using the PeptideMass tool on the 
Expasy server (http://us.expasy.org). Native protein purification was performed on classic and ˜KTA 
FPLC systems (Amersham Biosciences, Piscataway, NJ). Proteins were routinely analyzed by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using standard protocols. 
 
General Peptide Synthesis Procedures 
All peptides were synthesized manually using standard Fmoc SPPS on Wang resin. Resin loading was 
carried out using the method of Sieber.[2] Unreacted hydroxyl functionalities on the resin were capped 
with benzoyl chloride. Chain assembly was carried out with HBTU activation using a 4.4-fold excess 
of amino acid over the resin in DMF with DIEA as base. A stream of dry N2 was used to agitate the 
reaction mixture. Double coupling was routinely used to ensure quantitative acylations. Fmoc removal 
was carried out with 20% piperidine in DMF (1 x 3 minutes, followed by 1 x 10 minutes). Washing of 
the peptidyl-resins between coupling cycles with DMF was carried out with alternating batch and flow 
washes over a 3 minute period. Cleavage of peptides from the resin was achieved with 92.5% TFA, 
2.5% triisopropylsilane (TIS), 2.5% ethanedithiol, and 2.5% H2O (cleavage cocktail). Crude peptide 
products were precipitated and washed with cold Et2O and dissolved in solvent A. A minimal amount 
of solvent B was added to aid dissolution of any non-dissolved material. Following lyophilization, Thz 
was deprotected by adding 0.5M methoxylamine (aq) to the peptide and agitating the resulting solution 
for 6 hours at 37oC. For peptides that did not dissolve in 0.5 M methoxylamine (aq), acetonitrile was 
added to aid dissolution. Acetonitrile did not adversely affect the efficiency of the Thz deprotection 
step.  Peptides were then purified by RP-HPLC. For H-CSSMS-OH and H-CSpSMpS-OH, the protected 
amino acid building blocks used were: Boc-Thz-OH for Cys, Fmoc-Ser(tBu)-OH for Ser, Fmoc-
Ser(PO(OBzl)OH)-OH for pSer, and Fmoc-Met-OH for Met. In addition to the usual washing steps 
between coupling cycles, an additional wash with 10% DIEA in DMF was used for H-CSpSMpS-OH to 
ensure complete removal of piperidine from piperidine/phosphate counter-ion adducts. H-CSSMS-OH 
was purified by process RP-HPLC and H-CSpSMpS-OH was purified by semi-preparative RP-HPLC. 



Identities of the two peptides were confirmed by ES-MS (H-CSSMS-OH found m/z 514.0 M+H+, 
expected 513.6 M+H+; H-CSpSMpS-OH found m/z 674.0 M+H+, expected 673.5 M+H+). 
 
Synthesis of H-CSpS(NPE)MpS(NPE)-OH [1] 
The two residues to be phosphorylated and caged were incorporated as Fmoc-Ser(Trt)-OH. Met was 
incorporated as Fmoc-Met-OH. The non-phosphorylated Ser was incorporated as Fmoc-Ser(tBu)-OH. 
Cys was incorporated as Boc-Thz-OH. Following chain assembly, the resin was treated with 2% TFA, 
5% TIS in DCM for 30 minutes. After extensive washing with DMF and DCM, the resin (~0.04 
mmoles) was dried overnight on high vacuum. All subsequent manipulations were carried out in the 
dark. Phosphitylation was carried out at room temperature by adding O-1-(2-nitrophenyl)ethyl-O’-β-
cyanoethyl-N,N-diisopropylphosphoramidite (0.6 mmoles, 7.5 equivalents per each free hydroxyl) and 
4,5-dicyanoimidazole (1.2 mmoles) in 2 mL of anhydrous DMF to the peptidyl-resin. The reaction 
mixture was stirred gently with a magnetic stir-bar. Care was taken to maintain the reaction mixture in 
an anhydrous, aerobic environment by carrying out the reaction under argon. After 20 hours, the resin 
was washed with anhydrous DMF followed by anhydrous DCM and suspended in 5 mL of anhydrous 
DCM. 1 mL of a 5.5 M solution of tBuOOH in decane was added dropwise to the stirred resin 
suspension. After 20 minutes, the resin was drained and washed well with DCM, DMF, Et2O, DMF, 
and DCM and placed on high vacuum overnight. The dry resin was suspended in 2 mL of cleavage 
cocktail and stirred vigorously for 3.5 hours. The cleavage mixture was added dropwise to 35 mL of 
cold Et2O and the resulting suspension was placed at -20oC. The peptide was collected by 
centrifugation and the Et2O was decanted. Fresh Et2O was added and the centrifugation and decanting 
steps were repeated. The precipitated peptide was dissolved in 20% solvent B and lyophilized. To 
remove the remaining protecting groups, the peptide was then dissolved in DMF containing 1% DBU 
and stirred at room temperature. After 3 minutes, methoxylamine in water was added to a final 
concentration of 0.5 M and the solution was agitated for 6 hours at 37oC. The crude mixture contained 
1 as the major product (~75%) as determined by RP-HPLC (Figure S1A). The peptide was purified by 
preparative RP-HPLC (Figure S1B) and its identity was confirmed by ES-MS (found m/z 972.0 M+H+, 
expected 972.2 M+H+) and by MS/MS experiments (Figure S2). The isolated yield after synthesis and 
purification was ~10%.  
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Figure S1. RP-HPLC characterization of 1. A) RP-HPLC analysis of crude synthetic material. A 
gradient of 0 � 73%B over 30 minutes was used with detection at 214 nm (top panel) and 280 nm 
(bottom panel). In the top panel, the large absorbance before 20 minutes is due to DMF from the 
reaction mixture, which does not absorb at 280 nm (bottom panel). B) RP-HPLC of purified synthetic 
material. A gradient of 20 � 30%B over 30 minutes w as used with detection at 214 nm (top panel) and 
280 nm (bottom panel). The pure product is separated on this shallow gradient due to the racemic 
nature of the benzylic carbon of the 2 nitrophenylethyl protecting groups. 
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Figure S2. Representative mass spectra of 1. A) ES-MS of 1 with a single quadruple mass detector. B) 
MS2 of the parent ion of 1 at 972 Da was performed on an ion trap instrument. C) MS3 of the fragment 
at m/z 823 was performed on an ion trap instrument. MS3 of all major peaks was performed and spectra 
are consistent with the structure of 1. Major fragements identified in the spectra above are listed in the 
table along with a description .  
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code m/z description 
1 972.0 1 + H+ 

2 994.0 1 + Na+ 
3 953.40 1 – H2O 
4 822.80 1 – NPE 
5 804.80 4 – H2O 
6 724.97 4 – P 
7 706.87 6 – H2O  
8 673.87 4 – NPE 
9 655.87 8 – H2O  
10 637.80 b4 

11 632.80 y3 – NPE  
12 575.87 8 – P  
13 557.97 12 – H2O 
14 534.90 11 – P  
15 517.93 14 – NH2 

16 488.73 b4 – NPE 
17 477.93 12 – P 
18 459.87 18 – H2O 
19 390.87 17 – P 
20 385.93 14 – NPE 
21 368.93 21 – NH2 
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