
 

 

 

 
 

Supporting Information 
© Wiley-VCH 2006 

69451 Weinheim, Germany 



 

 

N-Terminal Protein Modification Through a Biomimetic Transamination Reaction 
Joshua M. Gilmore, † Rebecca A. Scheck, † Aaron P. Esser-Kahn, Neel S. Joshi, and 

Matthew B. Francis* 
Department of Chemistry, University of California, Berkeley, CA 94720-1460, and 

Materials Science Division, Lawrence Berkeley National Labs, Berkeley, CA 94720-1460 
 

 
 
General Procedures and Materials 

All chemical reagents were of analytical grade, obtained from commercial 
suppliers and used without further purification unless otherwise noted. Analytical thin 
layer chromatography (TLC) was performed on EM Reagent 0.25 mm silica gel 60-F254 
glass plates with visualization by ultraviolet (UV) irradiation and/or staining with 
phosphomolybdic acid (PMA).  Purifications by flash chromatography were performed 
using a CombiFlash® Companion™system with Redisep® columns (Teledyne Isco, NE).  
The silica gel:compound mass ratio was approximately 50-150.  The eluting solvent 
system for each purification was determined by TLC analysis.  Chromatography solvents 
were used without distillation unless otherwise noted.  Water used in biological 
procedures was distilled and deionized using a NANOpure™ purification system 
(Barnstead, USA).  All solvents were removed under reduced pressure using a rotary 
evaporator. Pyridoxal 5’-phosphate monohydrate was obtained from Aldrich (St. Louis, 
MO).   N-hydroxysuccinimidyl PEG was obtained from Nektar (San Carlos, CA) and 
used without further purification.  Aminooxy-containing PEG was prepared using the 
method previously reported.1  Angiotensin I was obtained from Sigma (St. Louis, MO) 
and used without further purification.  Myoglobin (M 1882) from horse heart was 
purchased from Sigma (St. Louis, MO) and used without further purification.  

 
Instrumentation and Sample Analysis Preparations 

Infrared absorption spectra were obtained from thin film samples on a reflecting 
plate using a Genesis II FTIR™ (ATI Mattson, USA). UV-VIS spectroscopic 
measurements were conducted on a Tidas-II benchtop spectrophotometer ( J & M, 
Germany).  Fluorescence emission measurements were obtained using a HORIBA Jobin 
Yvon-Spex FluoroMax-2 fluorimeter.  

NMR.  1H and 13C spectra were acquired with a Bruker DRX-500 (500 MHz, 125 
MHz) or a Bruker AVB-400 (400 MHz, 100 MHz) spectrometer.  1H chemical shifts are 
reported as δ in units of parts per million (ppm) relative to chloroform-d (7.26, s), 
methanol-d4 (3.30, pentet; 4.78, br), or N,N-dimethylformamide-d7 (8.03, s; 2.92, pentet; 
2.75, pentet).  Multiplicities are reported as follows: s (singlet), d (doublet), t (triplet), q 
(quartet), dd (doublet of doublets), m (multiplet), br (broadened), or app (apparent).  
Coupling constants are reported as a J value in Hertz (Hz).  The number of protons (n) for 
a given resonance is indicated nH, and is based on spectral integration values.  13C NMR 
spectra are reported as δ in units of part per million (ppm) relative to chloroform-d 
(77.23, t), methanol-d4 (49.17, septet), N,N-dimethylformamide-d7 (163.15, t; 34.89, 
septet; 29.76, septet), or dimethyl sulfoxide-d6 (39.51, septet).   

Mass Spectrometry.  Fast Atom Bombardment (FAB) mass spectra were obtained 
at the UC Berkeley Mass Spectrometry Facility.  Elemental Analyses were obtained at 
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the UC Berkeley Microanalytical Laboratory.  Reported atomic percentages are within 
error limits of ±0.4%.  Matrix Assisted Laser Desorption Ionization-Time of Flight 
(MALDI-TOF) mass spectra were obtained on a Voyager-DE from PerSeptive 
Biosystems (Applied Biosystems, CA).  Samples were co-crystallized using saturated 
solutions of sinapinic acid in 50% acetonitrile, 50% water with 0.1% trifluoroacetic acid. 
High Performance Liquid Chromatography-Electrospray Ionization Mass Spectrometry 
(ESI-LCMS) analysis was accomplished with an Agilent 1100 Series HPLC (Agilent 
Technologies, USA) in-line with an API 150EX mass spectrometer (Applied Biosystems, 
CA) equipped with a Turbo Ionspray® ionization source.  Typically, reversed-phase 
chromatography was performed on a ZORBAX 300SB-C8 column (2.1 mm x 150 mm) 
(Agilent Technologies, USA) using a water:acetonitrile gradient mobile phase with 0.1% 
formic acid.   

High Performance Liquid Chromatography. High Performance Liquid 
Chromatography (HPLC) was performed on an Agilent 1100 Series HPLC System 
(Agilent Technologies, USA).  Reversed-phase chromatography of rhodamine B 
piperazine amide derivatives was achieved on a ZORBAX 300SB-C18 column (9.4 mm 
x 24 cm) (Agilent Technologies, USA) with an acetonitrile:water gradient mobile phase 
containing 0.1% trifluoroacetic acid and 10% methanol.  

Gel Analyses. Sodium dodecyl sulfate-poly(acrylamide) gel electrophoresis 
(SDS-PAGE) was accomplished on a Mini-Protean apparatus from Bio-Rad (Hercules, 
CA) with 10-20% gradient polyacrylamide gels (BioRad, CA), following the protocol of 
Laemmli.2  All electrophoresis protein samples were mixed with SDS loading buffer in 
the presence of dithiothreitol (DTT) and heated to 100 °C for 10 min to ensure reduction 
of disulfide bonds and complete denaturation unless otherwise noted.  Commercially 
available molecular mass markers (Bio-Rad) were applied to at least one lane of each gel 
for calculation of the apparent molecular masses. Gel imaging was performed on an 
EpiChem3 Darkroom system (UVP, USA).  Protein reaction conversion was estimated 
from standard optical density measurements of the observed gel bands with LabWorks™ 
software (version 4.0.0.8, UVP). 

 
Experimental 
 
Constrution of EGFP-pET28b and EGFP-V2G-pET28b plasmids.  The EGFP gene 
was removed from EGFP-N1 (Clontech, CA) at the Not1 and Nde1 sites and ligated into 
the expression vector pET28b (Novagen), which contains a Kanamycin resistance gene.  
The identity of the ligation product was verified by sequencing.  The V2G mutation was 
then performed using the Quick Change II System Kit (Stratagene) and primers Forward 
5’-GAAGGAGATATACCATGGGCAGCAAGGGCGAGGAGCTG-3’ and Reverse 5’-
CAGCTCCTCGCCCTTGCTGCCCATGGTATATCTCCTTC-3’.  Incorporation of the point 
mutation was verified by sequencing. 
 
Expression of EGFP.  EGFP plasmids were transformed into E. Coli Tuner™ cells 
BL21 (DE3) pLysS via electroporation utilizing a Micro-Pulser (Biorad, CA) and plated 
on LB Agarose Plates (Kanamycin 35 µg/mL).  Cells were grown in 500 mL Lurea Broth 
(LB) at 37 °C until an optical density (OD) of 0.5 was observed at 600 nm. The LB 
contained the antibiotic Kanamycin 35 µg/ml.  Induction of EGFP expression occurred 
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by the addition of 0.1 mM isopropyl-ß-D-thiogalactopyranoside (IPTG).   Cultures were 
grown for an additional 21 h at 25 °C.  The cells were then spun down for 20 minutes at 
7000 rcf at 4 °C.  Protein expression was verified by the presence of a green fluorescent 
cell pellet as well as the identity of the desired protein band by SDS-PAGE.  The cells 
were then re-suspended in 10 mL of Lysis Buffer (0.02 M Tris, 0.15 M NaCl, 5 mM 
EDTA, pH 8.0) by vortexing.  The cells were lysed by sonication using a Branson Digtial 
Sonifier (VWR Scientific) for 20 minutes with blunt ended tip.  Debris was removed by 
centrifugation at 10,000 rcf for 1 hr to give a transparent green solution. 
 
Purification of EGFP.  EGFP was purified using a modified procedure from McRae et 
al.3  To the crude cell extract obtained from sonication was added 6.1 g of solid (NH4) 

2SO4 and 1.39 mL of triethylamine per 100 mL of extract.  The solution was vortexed to 
dissolve the salts and allowed to stand at 4 °C for 1 h.  The solution was then placed in a 
hot water bath at 60 °C with vigorous motion for 3.5 minutes.  After about 2 minutes the 
solution changed from transparent to opaque.  The precipitated proteins were then 
removed by centrifugation at 7,000 rcf for 20 minutes.  The solution was filtered using a 
0.45 µm filter and added to a 50 mL plastic centrifuge tube containing 1 g of Microsorb 
100-5 CN resin (Varian) that had previously been washed with water and Stick Buffer (2 
M (NH4) 2SO4 10 mM Tris and 1mM EDTA).  The tube was then filled with Stick Buffer 
and rotated on a labquake rotary shaker for 10 minutes.  The resin was pulled down by 
centrifugation at 8,000 rcf for 5 minutes and the supernatant was removed.   The resin 
was re-suspended in 20 mL of Elution Buffer A (15 % isopropanol and 20% Stick buffer) 
by vortexing, allowed to mix end-over end for 10 minutes, and removed by centrifugation 
at 8,000 rcf for 5 minutes. The resin was re-suspended in 20 mL of Elution Buffer B 
(20% isopropanol and 10% Stick Buffer) by vortexing, allowed to to mix end-over end 
for 10 minutes, and removed by centrifugation at 8,000 rcf for 5 minutes.  The resulting 
supernatant was analyzed by SDS-PAGE with EGFP appearing as the only visible band.  
This technique provided on average 9 mg of protein for every 1 L of culture as analyzed 
by Bradford assay4 using BSA as a standard. 
 

1-Bromo-6-(N-tert-butoxycarbonyl-aminooxy)-hexane 
(S1).  In a 100-mL round-bottom flask equipped with a 
Teflon magnetic stirring bar, tert-butyl-N-

hydroxycarbamate (2.00 g, 15.0 mmol) was dissolved in  N,N-dimethylformamide (DMF) 
(10 mL).  To this solution was added 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) (2.23 
mL, 15.0 mmol,) followed by an additional 5 mL of DMF.  To this mixture was added 
1,6-dibromohexane (4.61 mL, 30.0 mmol) followed by an additional 5 mL of DMF.   
After 3 h of stirring at rt, an additional 1 mL of DBU was added, and after an additional 2 
h of stirring at rt, the temperature was increased to 50 °C.  The reaction mixture was 
allowed to stir for 18 – 20 h.  The reaction mixture was then concentrated under reduced 
pressure and the residue was dissolved in 9:1 ethyl acetate:methanol and filtered through 
a plug of silica gel to remove the DBU•HBr salt.  The filtrate was collected and the 
solvent was evaporated under reduced pressure.  One half of the crude oil was purified by 
silica gel chromatography, eluting with a gradient from 0-50% ethyl acetate in hexanes.  
The product was obtained as a clear oil (1.87 g, 21 % yield).  High-resolution FAB-MS, 
M+ calculated 296.0861, found 296.0856 1H NMR (500 MHz, CDCl3) δ 7.13 (br, 1H), 
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3.84 (t, 2H, J=6.5), 3.40 (t, 2H, J=6.5), 1.86 (pentet, 2H, J= 14.0, 7.0) 1.63 (pentet, 2H, 
J=14.0, 7.5) 1.47 (s, 9H) 1.41 (m, 4H).  13C NMR (125 MHz, CDCl3) δ 156.9, 81.6, 76.5, 
33.8, 32.6, 28.2, 27.9, 27.8, 25.1.  IR (cm-1) 3291, 2976, 2936, 2866, 1719, 1478, 1457, 
1391, 1367, 1250, 1169, 1113. 
 

Rhodamine B 4-(6-N-tert-butoxycarbonyl-
aminooxy-hexyl) piperazine amide (S2).  
To a 20 mL scintillation vial equipped with a 
Teflon magnetic stir bar was added 
rhodamine B piperazine amide5 (113 mg, 
0.206 mmol) and N,N-dimethylformamide 
(DMF) (500 µL). To this solution was added 

1-bromo-6-(N-tert-butoxycarbonyl-
aminooxy)-hexane S1 (76.4 mg, 0.258 mmol), N,N-diisopropylethylamine (DIPEA) (62.5 
µL,  0.368 mmol) and an additional portion of DMF (500 µL).  The reaction mixture was 
stirred at rt for 20 h at which time an additional aliquot of S1 (76.4 mg, 0.258 mmol) and 
DIPEA (63 µL, 0.368 mmol) were added with DMF (300 µL).  To effect complete 
conversion to the desired product, additional aliquots of S1 (76.4 mg), DIPEA (62.5 µL) 
and DMF (180 µL) were added after another 18 h.  After stirring the reaction mixture for 
an additional 18 h, the DMF was removed under reduced pressure, and the remaining 
crude mixture was partitioned between ethyl acetate and saturated aqueous sodium 
bicarbonate.  The aqueous layer was washed with three portions of ethyl acetate, which 
were discarded.  The resulting aqueous layer was extracted with a 1:3 mixture of 
isopropanol and dichloromethane until colorless, and the organic layer was collected, 
dried over sodium sulfate (anhydrous), filtered, and concentrated to afford 68.7 mg of the 
dark purple solid (46 %).  A small portion of this solid was further purified for full 
characterization via HPLC (ZORBAX 300-SBC18 column, Agilent Technologies, USA) 
with an acetonitrile:water gradient mobile phase containing 0.1% trifluoroacetic acid and 
10% methanol. High resolution MALDI-TOF, M+ calculated 726.4589, found 726.4607.  
1H NMR (400 MHz, CD3OD, 60 °C) δ 7.77 (m, 2H), 7.72 (m, 1H), 7.51 (m, 1H, J=4.0), 
7.23 (d, 2H, J=8.0), 7.06 (d, 2H, J=8.0), 6.94 (s, 2H), 3.77 (m, 2H), 3.68 (m, 12H), 3.16 
(b, 4H), 3.06 (t, 2H, J=8.0), 1.69 (m, 2H), 1.59 (m, 2H), 1.45 (app s, 13H), 1.31 (m, 
12H). 13C NMR (100 MHz, CD3OD, rt) δ 169.4, 159.3, 159.1, 157.3, 156.6, 135.5, 133.0, 
132.5, 131.9, 131.7, 131.5, 128.8, 115.4, 114.9, 97.4, 81.9, 77.1, 58.1, 46.9, 28.7, 28.6, 
27.2, 25.5, 24.7, 12.8. IR (cm-1) 3358, 2977, 2931, 2357, 2337, 1683, 1646, 1590, 1414, 
1339, 1199, 1180, 1131, 1075.  
 

Rhodamine B 4-(6-aminooxy-hexyl) 
piperazine amide (S3).  To a 20-mL 
scintillation vial was added purified rhodamine 
B 4-(6-N-tert-butoxycarbonyl-aminooxy-hexyl) 
piperazine amide S2 (10.5 mg, 0.0144 mmol).  
A 1:1 mixture of trifluoroacetic acid and 
dichloromethane (1 mL) was added at rt.  This 

mixture was allowed to stand for 2 min.  The solvent was then evaporated under a stream 
of nitrogen gas.  The following procedure was repeated three times: the crude residue was 
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dissolved in 1 mL of dichloromethane and concentrated under a stream of nitrogen.  
Theis protocol afforded 7.3 mg of a dark purple solid (80 % yield ) that was used without 
further purification. High resolution MALDI-TOF, M+ calculated 626.4056, found 
626.4016. 1H NMR (400 MHz, CD3OD, 60 °C) δ 7.78 (m, 2H), 7.76 (m, 1H), 7.73 (m, 
1H), 7.49 (d, 2H, J=3.2), 7.25 (d, 2H, J=9.6), 6.93 (s, 2H), 4.01 (t, 2H, J=6.4), 3.67 (m, 
12H), 3.20 (b, 4H), 3.07 (m, 2H), 1.69 (m, 4H), 1.41 (m, 4H), 1.31 (m, 12H). 13C NMR δ 
(100 MHz, CD3OD, rt) 169.4, 162.4, 162.0, 161.7, 161.3, 159.3, 157.3, 156.6, 135.6, 
133.0, 132.5, 131.9, 131.7, 131.5, 128.8, 119.1, 116.3, 115.4, 114.8, 97.4, 76.1, 69.2, 
57.9, 46.9, 45.7, 28.9, 27.1, 26.2, 24.7, 12.8. IR (cm-1) 3450, 1642, 1592, 1488, 1414, 
1339, 1275, 1181, 1133. 
 

N-(4-bromobenzyloxy)-phthalimide (S4).  To a 250 mL round 
bottom flask equipped with a Teflon stir bar was added N-
hydroxyphthalimide (1.63 g, 10.0 mmol, 1.0 equiv.), acetonitrile 
(20.0 mL) and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) (1.79 
mL, 12.0 mmol, 1.2 equiv.).  To this dark brown solution was 

added 4-bromobenzyl bromide (2.49 g, 10.0 mmol, 1 equiv.) and an additional 5 mL of 
acetonitrile.  The reaction mixture was heated (ca 50 °C) for 1 h, at which time the 
acetonitile was evaporated under reduced pressure.  The remaining crude solid was 
partitioned between ether and 1M sodium hydroxide.  A solid precipitate was observed in 
the ether layer, which was then washed with two portions of water, and two portions of 
10 % HCl.  Methylene chloride was added to the organic layer until the solid was 
completely dissolved, and this layer was washed one more time with 10% HCl and water.  
After drying over anhydrous magnesium sulfate, the organic layer was filtered and 
concentrated under reduced pressure to afford a white powder.  This material was used in 
subsequent experiments without further purification (1.8 g, 54 % yield). High resolution 
FAB-MS M+ calculated 331,9909 found 331.9912.  1H-NMR (400 MHz, CDCl3) δ 7.79 
(m, 2H), 7.74 (m, 2H), 7.49 (d, 2H, J=8.4), 7.41 (d, 2H, J=8.4), 5.15 (s, 2H). 13C-NMR 
(400 MHz, DMSO-d6) δ 163.07, 134.82, 133.73, 131.77, 131.42, 128.48, 123.29, 122.43, 
78.34.  
 

p-bromobenzyloxyamine (S5).  To a 20 mL scintillation vial was 
added S4 (0.332 g, 1.0 mmol, 1.0 equiv.), methylene chloride (3 mL), 
and hydrazine hydrate (0.270 mL, 2.2 mmol, 2.2 equiv.)  The reaction 

was stirred for 1.5 h at rt.  The reaction suspension was filtered through glass wool, and 
the filtrate was concentrated under a stream of nitrogen gas and dried under vacuum 
overnight to produce the desired product as an off-white solid (109.5 mg, 54 % yield). 
High resolution EI-MS M+ calculated 202.9769 and 200.9789; found 202.9793 and 
200.9793.   1H-NMR (400 MHz, CDCl3) δ 7.48 (d, 2H, J=8.4), 7.25 (d, 2H, J=8.4), 4.63 
(s, 2H). 13C-NMR (400 MHz, DMSO-d6) δ 127.86, 131.04, 130.9, 120.48, 75.90.  
 
General Procedure for Peptide Modification.  A 0.6-mL Eppendorf tube was charged 
with a solution of angiotensin I (1, 12 µL of a 5 mM solution in 50 mM phosphate buffer, 
pH 6.5), phosphate buffer (18 µL, 50 mM, final pH 6.5) and a solution of pyridoxal 5’-
phosphate (2c, delivered as 30 µL of a 20 mM solution in 50 mM phosphate buffer, pH 
6.5).  The mixture was agitated to ensure mixing, and was incubated without further 
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agitation for the duration of the reaction.  The reaction solution was then treated with O-
benzylhydroxylamine hydrochloride (5, delivered as 40 µL of a 0.5 M solution in water) 
and then immediately diluted with water (150 µL) and analyzed by ESI-LCMS 
(ZORBAX 300SB-C8 column) without further work-up (Scheme S1). 
 
General Procedure for Peptide Control Reaction.  To verify the role of PLP in the 
reaction, a control experiment lacking PLP was performed under conditions identical to 
those described above.  The control reaction mixture was agitated to ensure mixing, and 
was incubated without further agitation for the duration of the reaction.  The reaction 
mixture was then treated with O-benzylhydroxylamine hydrochloride (5, delivered as 40 
µL of a 0.5 M solution in water) and then immediately diluted with water (150 µL) and 
analyzed by ESI-LCMS (ZORBAX 300SB-C8 column) without further work-up. 

 
Aldehyde Screening.  All samples were 1 mM in angiontensin I, 10 mM in aldehyde, 
and 50 mM in phosphate buffer (pH 6.5).  Samples were allowed to react at rt for 1.5 h.  
After treatment with O-benzylhydroxylamine hydrochloride, ESI-LCMS analysis 
indicated that pyridoxal 5’-phosphate most efficiently mediates decarboxylation of the 
angiotensin I N-terminus.   
 
pH Optimization.  Samples containing angiotensin I (1, 1 mM) was subjected to 10 mM 
PLP (2c) in 50 mM phosphate buffer over a range of pH at 37 °C for 1 h.  Analysis by 
ESI-LCMS indicated that the reaction proceeds most readily at pH 6.5 (Figure S1). 
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Scheme S1.  General reaction scheme for conversion of angiotensin I with PLP.
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Time and Temperature Studies.    Samples containing angiotensin I (1, 1 mM) and PLP 
(2c, 10 mM) in 50 mM phosphate buffer at pH 6.5 were allowed to react at different 
temperatures for varying lengths of time.  As seen in Figure S2, high conversion to 
pyruvamide is reached after 2 h at 65 °C and after 18 h at rt.   

 
General Procedure for Protein Modification.  A 1.6-mL Eppendorf tube was charged 
with a solution of myoglobin (12, delivered as 120 µL of a 250 µM solution in 25 mM 
phosphate buffer, pH 6.5), phosphate buffer (180 µL, 25 mM, final pH 6.5), and a 
solution of pyridoxal 5’-phosphate (2c, delivered as 300 µL of a 20 mM solution in 25 
mM phosphate buffer, pH adjusted to 6.5 with 2 M NaOH).  The mixture was briefly 
agitated to ensure proper mixing, and was incubated without further agitation at 37 °C for 
18-20 h.  The PLP was removed from the reaction mixture via size exclusion 
chromatography (Nap™5 column (Amersham Biosciences, Sweden), eluting into water).  
For smaller volumes, PLP was removed from the reaction via spin concentration 
(Ultrafree®-0.5 centrifugal filter 5000 MWCO, or Microcon® centrifugal filter 10,000 
MWCO (Millipore, MA)).  An aliquot of this purified mixture (62 µL) was treated with 
p-bromobenzyloxyamine (13,  3 µL, 25 mM in water) and allowed to sit without agitation 
overnight (Scheme S2).  The reaction mixture was diluted with water (100 µL) and 
analyzed by ESI-LCMS (ZORBAX 300SB-C8 column.)  

Figure S2. Effect of temperature on angiotensin I conversion.
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General Procedure for Protein Control Reaction.  To verify the role of PLP in the 
reacion, a control experiment lacking PLP was performed under conditions identical to 
those described above.  The control reaction mixture was briefly agitated to ensure proper 
mixing, and was incubated without further agitation at 37 °C for 18-20 h.  The control 
reaction sample was purified via size exclusion chromatography (Nap™5 column 
(Amersham Biosciences, Sweden), eluting into water).  An aliquot of this mixture (62 
µL) was treated with p-bromobenzyloxyamine (13, 3 µL, 25 mM in water) and allowed 
to sit without agitation overnight.  The reaction mixture was diluted with water (100 µL) 
and analyzed by ESI-LCMS (ZORBAX 300SB-C8 column.) 
 
Procedure for Trypsin Digestion of Myoglobin.  Proteolytic protein digests by trypsin 
were performed by diluting protein samples 1:1 in tert-butyl alcohol/water and heating at 
65 °C for 15 min.  The solution was then diluted 4-fold with NH4HCO3 buffer (50 mM, 
pH 7.6) and treated with trypsin (Promega, WI) (20 µL, 0.13 mg/ml).  The digest solution 
was incubated at 37 °C overnight.  The resulting solution of peptides was then purified by 
Zip-Tip (C18, Millipore, UK) and the peptide fragments were eluted with aqueous 
solution containing 60% to 80% acetonitrile and 0.1% trifluoroacetic acid.  The purified 
peptides were then analyzed by MALDI-TOF mass spectrometry.   

The observed fragments are as follows and can be seen in Figure S3:  T1 
(residues 1-16) GLSDGEWQQVLNVWGK (expected mass = 1815, observed mass = 
1815); T16 (residues 103-118) YLEFISDAIIHVLHSK (expected mass =1885, observed 
mass = 1885); modified T1 (residues 1-16) GLSDGEWQQVLNVWGK (expected mass 
+ 184 = 1999, observed mass = 1999).  184 is the expected mass increase for the protein 
after modification with p-bromobenzyloxyamine (13) to form the oxime.  
 
General Procedure for the fluorescent labeling of Myoglobin with Rhodamine B 4-
(6-aminooxy-hexyl) piperazine amide S3.  Aldehyde-containing myoglobin  was 
prepared by the procedure described above.  An aliquot of the purified mixture (30 µL) 
was treated with 60 µL of a12.5 mM solution of S3 (2.1 mM overall.)  This mixture was 
briefly agitated to ensure proper mixing, and was incubated without further agitation at rt 
for 18-20 h.  
 
General Procedure for N-hydroxysuccinimidyl ester PEGylation of Myoglobin.   
Utilizing a protocol from Molecular Probes (Invitrogen), myoglobin (50 µM) was 
allowed to react with varying equivalents of N-hydroxysuccinimidyl ester PEG 18 in 0.1 
M sodium bicarbonate buffer, pH 8.4 and 10 % DMF at rt for 3 h.  At this time, the 
reaction was quenched with 20 equivalents of 1.5 M hydroxylamine at pH 9.0. 
  
General Procedure for the Mono-PEGylation of Myoglobin.  Aldehyde-containing 
myoglobin was prepared by the procedure described above.  An aliquot of the purified 
mixture (20 µL) was treated with 10 µL of 0.1 M aminooxy-functionalized PEG 171 
(33.3 mM overall.)  This mixture was briefly agitated to ensure proper mixing, and was 
incubated without further agitation at rt for 18-20 h.  This reaction has been carried out 
under a variety of buffer, ionic strength, and pH conditions at rt for 18-20 h.  Samples 
were analyzed via SDS-PAGE, which indicated that the PEGylation of myoglobin by this 
method is tolerant of a variety of conditions.   
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Retention of Myoglobin Structure.  Aldehyde-containing myoglobin and a control 
sample of myoglobin were prepared and purified via Nap™-5 column as indicated above.  
These samples were analysed by SEC using a GF-250 column.  UV-VIS measurements 
were obtained for an unreacted myoglobin standard (without gel filtration), aldehyde-
containing myoglobin, and a control myoglobin sample. Based on the characteristic heme 
absorbance at 410 nm, the protein structure is retained after reaction with PLP. 
 
Retention of EGFP activity.  Both EGFP (16a) and EGFP-V2G (16b) were treated with 
PLP as described above or subjected to analogous reaction conditions in the absence of 
PLP.  The resulting solutions were diluted 5 fold and analyzed by fluorescence 
spectroscopy.  The fluorescence of each protein was compared to a sample of protein that 
has not been subjected to the reaction conditions.  The total fluorescence of the samples 
was normalized by comparing concentrations obtained using a Bradford Assay.4  The 
total area of the fluorescence curves was obtained using Kaleidograph software (Synergy 
Software). (Figure S4) 
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Figure S3.  MALDI-MS of the proteolytic digest by trypsin of a) native myoglobin (12)
treated with p-bromobenzyloxyamine (13) and b) myoglobin modified with PLP and
then treated with p-bromobenzyloxyamine (13). c) MALDI-MS of the observed isotope
pattern of the modified myoglobin peptide fragment, and d) the predicted isotope  pattern
for the modified myoglobin peptide fragment.
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Figure S4. Comparative fluorescence of a) an unmodified standard of the 
EGFP V2G mutant and EGFP b) a control reaction for the EGFP V2G mutant 
and EGFP and c) a PLP reaction for the EGFP V2G mutant and EGFP.  The data 
were obtained through integration of the fluorescence spectra followed by 
normalization using concentration as determind by Bradford assay.  
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Figure S4. Comparative fluorescence of a) an unmodified standard of the 
EGFP V2G mutant and EGFP b) a control reaction for the EGFP V2G mutant 
and EGFP and c) a PLP reaction for the EGFP V2G mutant and EGFP.  The data 
were obtained through integration of the fluorescence spectra followed by 
normalization using concentration as determind by Bradford assay.   

                                                 
† These authors contributed equally to this work. 
1 Schlick, T. L.; Ding, Z.; Kovacs, E. W.; Francis, M. B. J. Am. Chem. Soc. 2005, 176, 
3718-3723. 
2 Laemmli, U.K. Nature, 1970, 227, 680-685. 
3 McRae S.R.; Brown C.L.; Bushell G.R. Protein Exp. and Pur. 2005, 41 (1): 121-127. 
4 Bradford, M.M. Analytical Biochemistry. 1976, 72 (1-2), 248-254. 
5 Nguyen, T.; Francis, M.B. Org. Lett. 2003, 5, 3245-3248 


