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Based on the application of our recent biotinyl photoprobe with a cleavable N-acylsulfonamide, an effi-
cient process has been developed for profiling photoaffinity labeled peptides among a large excess of
unlabeled concomitants. N-acylsulfonamide group was found to be stable under the usual S-pyridylethy-
lation condition of cysteine residues whereas the group was easily cleaved by N-alkylation with iodoace-
tic acid in acidic condition. The selective nature between two common protein alkylation reactions was
evaluated with L-glutamate dehydrogenase (GDH) using an acidic amino acid photoprobe with biotinyl-
ated acylsulfonamide function. The labeled GDH was successfully subjected to S-pyridylethylation keep-
ing the biotin tag intact, and then was easily released from streptavidin matrix with high purity via
iodoacetic acid-mediated alkylation under mild condition at pH 5.0.

� 2010 Elsevier Ltd. All rights reserved.
Figure 1. Structure of the photoprobe.

Figure 2. pH-dependence of N-alkylation/cleavage reaction with iodoacetic acid.
One of the major difficulties for the identification of photola-
beled sites within a target protein is the inefficiency of cross-link-
ing, although photoaffinity labeling (PAL) has been recognized as a
useful chemical tagging technique that can be accessible to low-
affinity or membrane-bound proteins.1 The low labeling yield en-
forces the laborious isolation steps for retrieving labeled products
from a large excess of complex concomitants. Although the use
of benzophenone among useful photophores usually increases
the yield, the cross-linking was reported to require prolonged irra-
diation and to be limited to a few amino acid residues such as
methionine, histidine.2 The photochemical properties of aryldiazi-
rine is superior to arylazide in terms of stability of the cross-link
and wavelength for excitation,3 the labeling yield is usually low
due to the rapid quenching of reactive carbene with the surround-
ing materials. Owing to the advance in specificity and stability of
carbene-mediated label, photoprobes with biotinyldiazirines were
developed for fishing out the labeled product by trapping on avidin
matrices.4 A great deal of effort have been devoted to introduce
scissile functions in biotinyl probes which are labile in photochem-
ical5 or enzymatic6 reactions for the recovery of captured products
from tightly associated avidin–biotin complex whereas no simple
and efficient method has been established for the extensive use
of PAL technology. Recently, we found that the N-acylsulfonamide
group was cleaved under the mild condition of well-established
protein S-carboxymethylation.7 Here we report an efficient purifi-
cation process which consists of selective protein S-alkylation, the
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naka).

The reaction was carried out with 10 mM of iodoacetic acid and incubated in an
appropriate buffer solution at 25 �C for 8 h (0.1 M Tris–HCl for pH 8.5, 0.1 M sodium
acetate for pH 5.0). The values are total yields of two reaction steps and represent
the average of three assays.
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Figure 3. Discrimination between N- and S-alkylation in an acidic condition. After
gel filtration of photoproducts of GDH and probe 1, the sample was subjected to
treatment in acetate buffer (pH 5.0). Lane 1: the sample without any treatments;
lane 2: the mixture treated with iodoacetic acid (200 mM); lane 3: the mixture
treated with 4-VP (23 mM); lane 4: the sample in lane 3 treated with iodoacetic
acid (200 mM). Panel A: gel visualized with Coomassie Brilliant Blue (CBB), panel B:
chemiluminescence detection utilizing avidin-HRP conjugate after blotting onto
PVDF membrane.

Figure 4. Purification of labeled GDH by cleavage from avidin matrix. The
photoproducts were filtrated on G-50, pyridylethylated, trapped into streptavi-
din-agarose beads, and then cleaved with iodoacetic acid (200 mM in 0.5 M acetate
buffer pH 5.0) in the presence of 0.2% SDS. Panels A and B: photolabeling of GDH
with the probe 1, and panels C, D: a protein mixture consisting of transferrin, BSA,
GDH and actin was photolabeled. The samples were visualized by silver stain in
panels A and C, or by chemiluminescence utilizing a biotin tag in panels B and D,
respectively. Lanes 1, 7, 10: the sample after photolysis, lane 2: supernatant after
the treatment of avidin-agarose, lane 3: supernatant after repeated washing process
for five times, lanes 4, 8, 11: cleaved product, lane 5: heat eluted sample from
matrix of lane 4, lanes 6, 9, 12: heat eluted sample from matrix without cleavage.
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specific biotin extraction of labels on avidin matrix, and the selec-
tive acylsulfonamide cleavage for releasing labeled proteins. The
method has been evaluated with bovine L-glutamate dehydroge-
nase (GDH, EC 1.4.1.2-3) and the probe described in Figure 1.7
Figure 5. MALDI-TOF mass spectra of peptides from Lys-C digest of labeled GDH protein p
the probe (B), respectively. Arrows indicate the specific peaks in the digest from cleaved
We first examined the cleavage of simple N-acetylbenzenesulf-
onamide 2 at different pH conditions using iodoacetic acid, a com-
mon S-alkylation reagent, because the pKa value of general
acylsulfonamide is closed to that of carboxylic acid. The values in
Figure 2 represented the percentage of cleavage products, deter-
mined by HPLC analysis. While the alkylation-cleavage steps with
iodoacetic acid proceeded more efficiently in alkaline solution, the
N-alkylation at pH 5.0 still provided 35% yield of cleavage product
that is comparable value to 43% yield at pH 8.5. This property will
give a great advantage to avoid the undesired side reactions during
the iodoacetic acid-mediated cleavage of labeled proteins since it is
well known that the basic conditions increase the possibility for
modifications of amino acid residues like tyrosine, histidine, lysine,
and even methionine during S-carboxymethylation of protein.8

The acidic condition of cleavage established in the model system
was evaluated at the protein level with the photoaffinity labeled
GDH protein. Since the reductive S-alkylation of proteins prior to
the digestion is the due course for the identification of labeled sites,
we investigated S-alkylation with 4-vinylpyridine (4-VP) as another
type of common reagent to accomplish the selective blocking of cys-
teine SH group without the cleavage at the acylsulfonamide linkage.
The chemiluminescence detection of SDS–PAGE separated and elec-
tro-blotted GDH samples onto poly(vinylidene difluoride) (PVDF)
showed specific incorporation of biotin tag on the protein band near
50 kD (Fig. 3, lane 1). The chemiluminescence due to the photo-
incorporated biotin was disappeared after the alkylation with iodo-
acetic acid (lane 2) whereas the signal was retained upon the treat-
ment with 4-VP (lane 3). The results clearly indicate the
development of simple method for efficient isolation of photo-
affinity biotinylated proteins with the cleavable approach, which
is the sequence of procedures with the selective protein S-alkylation,
the specific biotin purification of labels on avidin matrix, and the
selective acylsulfonamide cleavage.

For profiling photolabeled peptides, the pyridylethylated mix-
ture of GDH was subjected to the purification with streptavidin–
agarose (Fig. 4). After washing to remove the unbound protein
(lane 3), the photolabeled GDH protein was recovered using iodo-
acetic acid in acetate buffer at pH 5.0 (lane 4). The sample cleaved
from the matrix did not show the emission due to the loss of biotin
moiety. The recovery yield was 84% of labeled proteins (lane 4,
from the concentration of silver stain in lane 6) and that is compa-
urified by direct cleavage (A) and the GDH protein after the same treatment without
sample.
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rable to the yield obtained by a harsh heat elution (93%, lane 6, cal-
culated from the emission intensity in lanes 1 and 6).9 The panels C
and D shows that purification of the labeled GDH with high quality
has been also achieved by performing PAL of a protein mixture
consisting of transferrin, BSA, GDH, and actin.10 The recovered
GDH was further purified on SDS–PAGE and the GDH band was
subjected to the in-gel digestion with lysyl endopeptidase
(Lys-C). The MALDI-TOF mass spectrometry of the Lys-C digest
(Fig. 5, panel A) clearly showed the presence of several peaks (indi-
cated by arrows), which were absent in the control digest mixture
of unlabeled GDH protein after the same treatment (panel B). The
detailed analysis of labeled peptides is now undergoing in a prac-
tical scale for elucidation of the binding site.

In conclusion, a facile and rapid approach for incorporating an
acylsulfonamide-based scissile biotin into a binding protein by
PAL was developed and allowed for direct purification and isola-
tion of target protein from its mixture. The silver stain of the
cleaved product and the MALDI-TOF mass spectrometry of the di-
gest indicated that the method utilizing scissile function success-
fully gave the labeled product with high purity. All the important
purification steps from biotin insertion into the GDH up to mass
spectrometry analysis via N-alkylation of acylsulfonamide linker
have been performed within a few days. Guarantee to obtain
unmodified protein unless modifications have been intentionally
introduced into the frame. This methodology including selective
alkylation of N- and S-alkylation opens up new route toward the
structural elucidation of binding site into the target protein by PAL.
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