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Benzophenone photophores are employed widely for photoaffinity-labeling studies. Photolabeling with
benzophenone, however, is hardly a routine experiment. Even when a photoprobe binds to its target,
photocrosslinking does not necessarily occur. This is because photolabeling by benzophenone is affected
by many factors other than target-binding, such as conformational flexibility of photoligand. Despite the
widespread recognition of such complications, there has been no systematic study to assess the relative
importance of individual factors that can affect photolabeling efficiency. In order to gain an insight into
this problem, we conducted a structure–activity relationship (SAR) study of benzophenone photoligands
for Lck kinase, in which photoligands with varying target-binding affinity and conformational flexibility
were compared. The study found that binding-affinity, as indicated by kinase inhibitory potency, did not
correlate with photolabeling efficiency. Instead, conformational flexibility was found to be the determin-
ing factor for efficient photolabeling by our photoligands. Implication of the current findings, in particu-
lar, with regard to selection and optimization of benzophenone photoligands, is discussed.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Benzophenone is probably the most popular photophore for
photoaffinity-labeling. It has been widely employed in studies on
protein–ligand interactions and drug-target identification.1–5 Re-
cently, the use of benzophenone surged in the field of chemical
proteomics, in which molecular tools are employed to selectively
tag families of proteins in complex proteomes.6–13 Despite its
widespread use, photolabeling with benzophenone is hardly a rou-
tine experiment. It is not uncommon that a promising benzophe-
none ligand, which retains biological activities of the original
ligand, turns out to be a poor photolabeling agent. Although many
factors, including binding-affinity and flexibility of ligands, are
known to affect the outcome of photolabeling experiments,1–3

their relative importance has not been systematically evaluated.
Since target-binding is a prerequisite for photolabeling, bind-

ing-affinity, as assessed by Kd, Ki, IC50, etc., is commonly used to se-
lect and optimize benzophenone probes for photocrosslinking
experiments.14 There are, however, cases in which binding-affinity
does not correlate with photolabeling efficiency. For example, in a
recent study of benzophenone probes for histone deacetylases,9

enzyme inhibitory potency was not indicative of the photolabeling
efficiency. Likewise, a similar discrepancy between binding-affinity
and photolabeling efficiency can be seen in a study on secretin ana-
ll rights reserved.
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logs containing benzophenone.15 Such observations suggest that
factors other than binding-affinity are controlling the outcome of
photoaffinity-labeling, although existing literature on benzophe-
none photoligands does not delve into such problems but rather
focuses on successful examples.

One of the major factors that can control photolabeling experi-
ments is conformational flexibility. It is well-known that confor-
mational flexibility significantly affects specificity and efficiency
of benzophenone photoligands.1,2 When specificity of labeling is
important, as is the case for studies on ligand–receptor interac-
tions, probes are designed to minimize flexibility so as to accom-
plish site-specific labeling.16 On the other hand, when high
efficiency of photolabeling is desired, as is the case for applications
in chemical proteomics, minimizing flexibility may or may not be a
good idea. In theory, conformational restriction can improve label-
ing efficiency if it pre-organizes a ligand for target-binding. On the
other hand, conformational restriction can decrease the rate of
photochemical reactions as demonstrated by a series of studies
on intramolecular photoreactions of benzophenone deriva-
tives.17,18 Thus, although it is known that flexibility has an effect
on photolabeling efficiency, it remains difficult to predict how it
actually affects the efficiency.

In order to gain insights into the relative importance between
target-binding affinity and conformational flexibility, we con-
ducted a structure–activity relationship (SAR) study on benzophe-
none photoligands for Lck kinase, which is a Src-family kinase
involved in a variety of physiological and pathological processes,
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including thymocyte differentiation, T-cell activation, lymphocyte
malignancy and immunodeficiency.19–23 The current work is based
on our earlier finding, in which a small structural motif containing
adenine and benzophenone can selectively photolabel Lck kinase.24

The same study determined the photocrosslinking site on Lck,
which enabled us to build a model of ligand–Lck complex
(Fig. 1). The model suggested that the central Gly residue, high-
lighted by the yellow arrow in Figure 1, could be replaced with
D-amino acids without disturbing the existing interactions with
the Lck surface. In this report, we first present the design and syn-
thesis of new Lck photoligands with different amino acid residues
in the central Gly position. We then show Lck inhibitory potency,
photolabeling efficiency, and UV stability of individual probes.
Figure 1. The model of the Lck–ligand complex. The central Gly between PNA-
adenine and Bpa is highlighted by the yellow arrow. For clarity the biotin moiety is
removed in this figure.

Figure 2. Structures of newly synthesized Lck photoligands. The ‘Lck-targeting motif’ is h
(shown in red) is replaced with different amino acid residues. See text for more details.
These results collectively suggest that higher conformational flex-
ibility, but not higher binding-affinity, is associated with more effi-
cient photolabeling. We discuss the implication of our findings,
especially for the applications of benzophenone in chemical
proteomics.

2. Results

2.1. Design and synthesis of new Lck photoligands

Figure 2 shows the new Lck photoligands examined in the cur-
rent study. Compound 1 contains the original ‘Lck-targeting’
framework consisting of p-benzoyl-L-phenylalanine (Bpa), Gly,
PNA-adenine, and Gly (Fig. 2).24 The biotin moiety in 1 is used
for the detection of photocrosslinked Lck by streptavidin–HRP.
Compounds, 2 (‘Ser’ ligand) and 3 (‘Glu’ ligand), have D-Ser and
D-Glu, respectively, in the place of the Gly between Bpa and PNA-
adenine. These two compounds were designed based on the pre-
mise that higher binding-affinity, which may be gained through
additional hydrogen bonds or salt bridge, leads to improved phot-
olabeling efficiency; Figure S1 summarizes the possible hydrogen-
bond and/or salt bridge partners in the vicinity of the central Gly
(see Supplementary data). Compounds 4 (‘Pro’ ligand) and 5 (‘Pip’
ligand), containing cyclic D-amino acids in the place of the central
Gly, are conformationally restricted analogs of 1. These compounds
were designed to prepay the entropic penalty for binding. The
structures of 4 and 5 indeed mimic the bent conformation of pho-
toligand bound to Lck (Fig. 1).24 Compound 6, on the other hand,
contains c-aminobutyric acid (GABA) in the place of the central
Gly. Thus, 6 (‘GABA’ ligand) serves as a probe to determine the ef-
fects of increased flexibility.
ighlighted by the blue bars in 1 (Gly). The glycine between Bpa and PNA-adenine in 1
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All compounds were synthesized using a standard Fmoc-chem-
istry as described previously.6,24

2.2. Lck inhibition assay

In order to assess the target-binding affinity of synthesized
compounds, we conducted a kinase inhibition assay. The activities
of Lck kinase in the presence and absence of photoligands were
determined with an endpoint assay using a commercial kit (Pro-
mega Kinase-Glo� Plus Luminescent Kinase Assay),25 in which
residual ATP at the end of each kinase reaction was quantified by
luciferase; in order to prevent non-specific inhibition of Lck kinase
by compound-aggregates, 0.01% Triton X-100 was included in the
kinase buffer.26 The obtained IC50 values of photoligands are sum-
marized in Figure 3. None of these compounds were potent inhib-
itors of Lck. Importantly, however, this assay still allowed us to
assess their relative binding-affinity to Lck.

Compounds 2 (Ser) and 4 (Pro) turned out to have the highest
affinity to Lck among six compounds, as indicated by their lowest
IC50 values (both, �50 lM). These results indicated that the pres-
ence of D-Pro indeed pre-organized 4 for target-binding, whereas
2 can form extra hydrogen bond(s) with the Lck surface. Com-
pounds 1 (Gly), 3 (Glu), 5 (Pip), and 6 (GABA) were all equally poor
binders to Lck as indicated by the high IC50 values; the differences
among these compounds were not statistically significant. The re-
Figure 3. The IC50 values of Lck photoligands. Lck kinase reactions in the presence
and absence of photoligands were carried out on a 384-well plate. Following the
incubation, residual ATP in each well was quantified with Promega Kinase-Glo�

Plus Luminescent Kinase Assay. See Section 5 for more details.

Figure 4. Photoaffinity-labeling study of newly synthesized Lck ligands. (a) The gel imag
from which EC50 was estimated. (b) EC50 values of all photoligands: triplicate experime
sult of 3 (Glu) indicated that the carboxylate group did not pick ex-
tra interactions with the protein. The poor binding of 5 (Pip)
suggested that this compound was fixed in a wrong conformation.
It was not surprising that the most flexible compound, 6 (GABA),
was among the poorest binders as the molecule was expected to
pay large entropic penalty for target-binding. The compounds with
defined binding-affinity to Lck were then subjected to photo-
affinity-labeling analysis.

2.3. Photocrosslinking efficiency

Photolabeling efficiencies of newly prepared compounds were
assessed by half-maximal effective concentration (EC50) values, that
is, the ligand concentrations at which 50% of the maximum labeling
was observed (Fig. 4a). Lck was photocrosslinked with ligands at var-
ious concentrations (0, 3, 9, 18, 36, 90, and 180 lM). The resulting
titration curves were used to obtain EC50 values. Compound 1
(Gly) labeled Lck efficiently with the EC50 value of 14.4 lM. To our
surprise, compound 4 (Pro), which exhibited the highest binding-
affinity to Lck, did not label Lck efficiently (EC50 > 150 lM). The most
flexible one, compound 6 (GABA), on the other hand, exhibited the
best photolabeling efficiency (EC50 = 4.4 lM), even though it was
one of the poorest binder to Lck. The labeling efficiencies of 2 (Ser)
and 3 (Glu) were comparable to that of 1. Thus, the enhanced bind-
ing-affinity of 2 did not translate into higher photolabeling effi-
ciency. The photolabeling by compounds, 1, 2, 3, and 6, was
completely blocked by an ATP-competitive inhibitor of Lck (Fig. S2
in Supplementary data),27,28 indicating that the probes bound spe-
cifically to the active site of Lck.

These results indicated that the conformational flexibility, but
not the binding-affinity, was the determining factor for high phot-
olabeling efficiency of our photoligands. There remained, however,
one other possibility that could explain the poor labeling of 4 (Pro).
The possibility was that the bent structure of 4 could facilitate
intramolecular photochemical reactions.17,18,29 If 4 decomposed
much faster than 1 under UV due to intramolecular photoreactions,
the accelerated decomposition could also account for the dimin-
ished labeling efficiency. We, therefore, decided to assess this
possibility.

2.4. Decomposition of free photoligands under UV light

The stability of free photoligands was evaluated by an HPLC
method, in which buffer solutions of free ligands were irradiated
under UV and aliquots were taken at several time points to quan-
tify the intact ligands by HPLC. As shown in Figure 5, approxi-
e of Lck tagged with different concentrations of 1, and the resulting titration curve,
nts (n = 3) were made for each data point.



Figure 5. Stability of photoligands under UV. Ligand solutions were irradiated
under a UV-A lamp (kmax 350 nm). At different time points (0, 10, and 30 min),
aliquots were taken and the amounts of intact ligand was quantified by HPLC (UV
280 nm). See Section 5 for more details.
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mately 70–77% of photoligands remained intact after 30 min irra-
diation under a UV-A lamp (kmax 350 nm). Decomposition of free
4 (Pro) was not significantly faster than others; in fact, it was al-
most identical to that of 1. Thus, decomposition of 4 could not ac-
count for the diminished photolabeling efficiency.

3. Discussion

Target-binding is a prerequisite for photoaffinity-labeling and
needs to be assessed before a newly synthesized photoligands
are subjected to photocrosslinking experiments. Since benzophe-
none is a reversible photophore (i.e., benzophenone can be photo-
activated multiple times until it undergoes photochemical
reactions), it is generally believed that photolabeling by benzophe-
none reflects target-binding better than many other photocross-
linking agents, such as diazirine and azide; since diazirine and
azide can be photoactivated only once, they are more susceptible
to many factors that affects the kinetics of photochemical reaction,
such as conformational flexibility. Many studies of benzophenone
photoprobes describe preliminary biological data, such as Kd, Ki,
and/or IC50, to show that the synthesized compounds bind to their
intended targets.30–34 However, an important question that has not
been addressed in existing literature is whether binding-affinity is
predictive of successful photolabeling experiments. A compound
with high affinity could still fail to label target proteins. Con-
versely, a compound with low affinity could still be a good photola-
beling agent. The current study indicates that binding-affinity can
misguide selection and optimization of benzophenone photo-
phores. There was a clear discrepancy between IC50 and photola-
beling efficiency of our Lck photoligands. Similar disagreements
between binding-affinity and photolabeling efficiency can also be
seen in other studies.9,15 Although existing papers usually do not
delve into the photoprobes that failed to label target proteins, it
is likely that similar observations have been made in many other
studies. Clearly, binding-affinity should not be the only criterion
to select and optimize newly prepared benzophenone photoli-
gands. In other words, benzophenone photoligands with dimin-
ished biological activity can be still useful if their specificity can
be determined by appropriate control experiments, such as block-
ing of photolabeling with specific ligands of targets.

Our current finding is reminiscent of the studies on intramolec-
ular photochemical reactions a few decades ago, which founded
the basis of many important concepts in photochemistry.17,18,29
Those studies identified conformational mobility as a critical factor
controlling the rate of intramolecular benzophenone photochemis-
try; molecules need flexibility to attain stereoelectronic require-
ments for intramolecular hydrogen abstraction and radical
recombination.1,35,36 After all, the photocrosslinking of Lck by a
‘bound’ ligand is akin to intramolecular photochemical reactions.
The high labeling efficiency of 6 (GABA) reflects the flexibility
around benzophenone in the bound ligand, which permits a rapid
photocrosslinking reaction. On the other hand, 4 (Pro) did not label
Lck because of the conformational constraint on the backbone. In
the case of compound 2 (Ser), hydrogen bond(s) with the Lck sur-
face probably restricted the mobility of benzophenone in the
bound ligand. Thus, the higher binding-affinity of 2 did not result
in enhanced labeling efficiency.

Conformational flexibility has been recognized as an important
parameter which can be tweaked to optimize benzophenone probes.
In their review on benzophenone photophores, Dorman and Prest-
wich offer the following prescriptive advice: ‘BP (benzophenone)
photochemistry in biochemical systems is most regioselective when
the flexibility is limited to only that which is necessary to achieve
efficient H-abstraction.’1 While regioselectivity is a particularly
important issue when ligand–receptor interactions are studied in
atomic details,16 efficiency of photolabeling is emphasized in other
applications, including chemical proteomics.6–13 The shift in the
emphasis, that is, from regioselectivity to efficiency, can change
the way conformational flexibility is modulated when new benzo-
phenone photoprobes are designed. Higher conformational flexibil-
ity can dramatically increase the rate of photochemical reactions.
Our current study also shows a striking improvement in labeling
efficiency when two methylene carbons are inserted in the middle
of our Lck photoligand. Thus, a slight increase of conformational
flexibility is a reasonable option to improve benzophenone photop-
robes in cases where regioselectivity/specificity is not the central
concern.

Modulation of conformational flexibility can also affect the rate
of intramolecular photochemical reactions. To address this con-
cern, the current study examined the stability of our Lck photoli-
gands under UV light. This additional HPLC study allowed us to
eliminate the possibilities of undesired side-reactions, which, in
turn, provided a clearer mechanistic picture. The stability of
photoprobes under UV light is rarely discussed in other studies.
However, it may be an important issue especially when the probes
of interest have modest binding-affinity to targets.
4. Conclusions

The current SAR of our Lck photoligands provided a new insight
into the relative importance of binding-affinity and conformational
flexibility. The study showed that binding-affinity did not foretell
photolabeling efficiency of our Lck photoligands. Instead, confor-
mational flexibility correlated with the labeling efficiency. A slight
increase of conformational flexibility can be a simple strategy to
improve labeling efficiency of benzophenone photoprobes, espe-
cially in the applications for chemical proteomics. It is our expec-
tation that the increasing usage of benzophenone in chemical
proteomics will generate further SAR data, which, in turn, will im-
prove our ability to design and execute photoaffinity-labeling
studies.
5. Experimental

5.1. Materials

Fmoc-Gly-Wang resin, Fmoc-protected amino acids, dicyclohex-
ylcarbodiimide (DCC), and 1-hydroxybenzotriazole (HOBT) were
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purchased from Fluka. Biotin-N-hydroxysuccinimide was obtained
from Sigma–Aldrich. The Fmoc-protected PNA-adenine monomer
(Fmoc-PNA-adenine-(Bhoc)-OH) was purchased from Applied
Biosystems. Laemmli sample buffer, Tris–glycine–SDS buffer, and
streptavidin–horseradish peroxidase (HRP) conjugate were
purchased from BioRad. Lck was obtained from Invitrogen. ECL-Plus
chemiluminescence reagent was obtained from Amersham Biosci-
ences. Kinase-Glo� Plus Luminescent Kinase Assay kit was
purchased from Promega. Src tyrosine kinase substrate was
obtained from Biomol. Greiner Bio-One Lumitrac 384-well plate (so-
lid white) was purchased from VWR Scientific. 4-Amino-5-(4-phen-
oxyphenyl)-7H-pyrrolo[3,2-d]pyrimidin-7-yl-cyclopentane (the
ATP-competitive Lck inhibitor; Calbiochem) was purchased through
VWR Scientific. All other chemicals and solvents were obtained
through Fisher Scientific and used without further purification.

5.2. Physicochemical analyses

NMR spectra were recorded on a Bruker Avance 500 MHz spec-
trometer. Chemical shifts are reported in d units (ppm) using the
solvent peak as the internal standard. 1H NMR splitting patterns
are designated as singlet (s), doublet (d), triplet (t), doublet of
doublet (dd), and doublet of triplet (dt). Splitting patterns that
could not be interpreted or easily visualized are designated as
multiplet (m).

Mass spectrometric data were acquired on an Agilent Technol-
ogies 1100 Series LC/MSD model G1946D using electrospray (ESI)
ionization. Ionization was carried out with a drying gas tempera-
ture of 175 �C, a nebulizer pressure of 40 psi and a flow rate of
13 L/min. The mass range scanned was between 140 and
1000 amu. The capillary was set to 4000 V. Samples were intro-
duced into the mass spectrometer using a 1:1 mixture of water
and acetonitrile containing 0.1% acetic acid and 50 lM ammonium
acetate. The flow rate of the solvent was 500 ll/min. Data were
processed using Agilent’s Chemstation software.

5.3. Synthesis of Lck photoligands

5.3.1. General
Synthesis was accomplished using the Fmoc-chemistry on solid

phase as described previously.6,24 The purified probes were charac-
terized using analytical HPLC, mass spectrometry, and NMR. The
NMR spectra exhibited conformational isomerism at room temper-
ature, which arise from the tertiary amide conformers at the PNA-
adenine moiety. The 1H NMR data given below are for the major
conformers of the probes.

5.3.2. Compound 1 (Gly ligand)
1H NMR d ppm (500 MHz, DMSO) 8.50 (1H, t, NH), 8.42 (1H,

m, NH), 8.29 (1H, s, CH), 8.25 (1H, s, CH), 8.04 (1H, m, NH),
7.70–7.22 (9H, m, 9 � CH), 7.30 (2H, s, NH2), 6.35 (2H, m,
2 � NH), 5.25 (2H, m, CH2), 4.65 (1H, m, CH), 4.32 (1H, m, CH),
4.20 (2H, m, CH2), 4.15 (1H, m, CH), 3.70 (2H, m, CH2), 3.60
(2H, m CH2), 3.40 (2H, m, CH2), 3.29 (2H, m, CH2), 3.20 (2H, t,
CH2), 3.10 (2H, m, CH2), 2.90 (1H, m, CH) 2.75 (2H, m, CH2),
2.19–2.17 (4H, m, 2 � CH2), 1.82 (2H, m, CH2), 1.10–1.55 (6H,
m, CH2CH2CH2). ESIMS m/z 971.07 [M+H]+, 993.06 [M+Na]+,
486.03 [M+2H]2+. tR (analytical): 19.01 min.

5.3.3. Compound 2 (Pro ligand)
1H NMR d ppm (500 MHz, DMSO) 8.60 (1H, t, NH), 8.45 (1H, m,

NH), 8.40 (1H, s, CH), 8.35 (1H, s, CH), 8.15 (1H, m, NH), 7.65–7.20
(9H, m, 9 � CH), 7.20 (2H, s, NH2), 6.35 (2H, m, 2 � NH), 5.48 (2H,
m, CH2), 4.52 (1H, m, CH), 4.32 (1H, m, CH), 4.24 (1H, t, CH), 4.10
(1H, m, CH), 3.70 (2H, m, CH2), 3.65 (2H, m CH2), 3.38–3.47 (4H,
m, 2 � CH2), 3.20 (2H, m, CH2), 3.16 (2H, m, CH2), 3.10 (2H, m,
CH2), 2.80 (1H, m, CH) 2.75 (2H, m, CH2), 2.15–2.05 (4H, m,
2 � CH2), 1.18 (2H, m, CH2), 1.75 (2H, m, CH2), 1.45–1.55 (4H, m,
2 � CH2), 1.10–1.34 (6H, m, CH2CH2CH2). ESIMS m/z 1025.16
[M+H]+, 513.58 [M+2H]2+. tR (analytical): 20.15 min.

5.3.4. Compound 3 (Pip ligand)
1H NMR d ppm (500 MHz, DMSO) 8.65 (1H, t, NH), 8.50 (1H, m,

NH), 8.39 (1H, s, CH), 8.30 (1H, s, CH), 8.10 (1H, m, NH), 7.70–7.20
(9H, m, 9 � CH), 7.25 (2H, s, NH2), 6.30 (2H, m, 2 � NH), 5.40 (2H,
m, CH2), 4.60 (1H, m, CH), 4.30 (1H, m, CH), 4.24 (1H, t, CH), 4.15
(1H, m, CH), 3.75 (2H, m, CH2), 3.60 (2H, m CH2), 3.35–3.45 (4H,
m, 2 � CH2), 3.29 (2H, m, CH2), 3.24 (2H, t, CH2), 3.15 (2H, m,
CH2), 2.90 (1H, m, CH) 2.80 (2H, m, CH2), 2.19–2.17 (6H, m,
3 � CH2), 1.19 (2H, m, CH2), 1.80 (2H, m, CH2), 1.15–1.50 (6H, m,
CH2CH2CH2). ESIMS m/z 1011.11 [M+H]+, 506.55 [M+2H]2+. tR (ana-
lytical): 20.05 min.

5.3.5. Compound 4 (Ser ligand)
1H NMR d ppm (500 MHz, DMSO) 8.64 (1H, t, NH), 8.48 (1H, m,

NH), 8.25 (1H, s, CH), 8.20 (1H, s, CH), 8.04 (1H, m, NH), 7.75–7.20
(9H, m, 9 � CH), 7.30 (2H, s, NH2), 6.37 (2H, m, 2 � NH), 5.20 (2H,
m, CH2), 4.55 (1H, m, CH), 4.40 (1H, m, CH), 4.32 (1H, m, CH), 4.18
(2H, m, CH2), 4.15 (1H, m, CH), 3.75 (2H, m, CH2), 3.62 (2H, m CH2),
3.44 (2H, m, CH2), 3.26 (2H, m, CH2), 3.20 (2H, t, CH2), 3.08 (2H, m,
CH2), 2.90 (1H, m, CH) 2.75 (2H, m, CH2), 2.30–2.20 (4H, m,
2 � CH2), 2.04 (1H, t, OH), 1.80 (2H, m, CH2), 1.15–1.60 (6H, m,
CH2CH2CH2). ESIMS m/z 1002.00 [M+H]+, 501.03 [M+2H]2+. tR (ana-
lytical): 16.05 min.

5.3.6. Compound 5 (Glu ligand)
1H NMR d ppm (500 MHz, DMSO) 8.45 (1H, t, NH), 8.42 (1H, m,

NH), 8.30 (1H, s, CH), 8.23 (1H, s, CH), 8.10 (1H, m, NH), 7.70–7.20
(9H, m, 9 � CH), 7.27 (2H, s, NH2), 6.30 (2H, m, 2 � NH), 5.25 (2H,
m, CH2), 4.75 (1H, m, CH), 4.60 (1H, m, CH), 4.42 (1H, m, CH), 4.25
(1H, m, CH), 3.75 (2H, m, CH2), 3.60 (2H, m CH2), 3.54 (2H, m, CH2),
3.36 (2H, m, CH2), 3.22 (2H, t, CH2), 3.10 (2H, m, CH2), 2.80 (1H, m,
CH) 2.65 (2H, m, CH2), 2.47–2.35 (4H, m, 2 � CH2), 2.30–2.17 (4H,
m, 2 � CH2), 1.82 (2H, m, CH2), 1.20–1.60 (6H, m, CH2CH2CH2).
ESIMS m/z 1043.23 [M+H]+, 522.06 [M+2H]2+. tR (analytical):
16.10 min.

5.3.7. Compound 6 (GABA ligand)
1H NMR d ppm (500 MHz, DMSO) 8.55 (1H, t, NH), 8.45 (1H, m,

NH), 8.30 (1H, s, CH), 8.20 (1H, s, CH), 8.14 (1H, m, NH), 7.70–7.20
(9H, m, 9 � CH), 7.20 (2H, s, NH2), 6.25 (2H, m, 2 � NH), 5.20 (2H,
m, CH2), 4.62 (1H, m, CH), 4.31 (1H, m, CH), 4.15 (2H, m, CH2), 4.10
(1H, m, CH), 3.74 (2H, m, CH2), 3.60 (2H, m CH2), 3.45 (2H, m, CH2),
3.30 (2H, m, CH2), 3.25–3.18 (4H, m, 2 � CH2), 3.15 (2H, m, CH2),
2.95 (1H, m, CH) 2.70 (2H, m, CH2), 2.20–2.10 (8H, m, 4 � CH2),
1.80 (2H, m, CH2), 1.15–1.55 (6H, m, CH2CH2CH2). ESIMS m/z
999.12 [M+H]+, 1021.10 [M+Na]+, 500.04 [M+2H]2+. tR (analytical):
19.25 min.

5.4. Lck kinase assay

The inhibitory activities of individual photoligands were
determined using Kinase-Glo� Plus Luminescent Kinase Assay
(Promega). This assay utilizes luciferase to monitor unused ATP
in kinase reactions; thus the signal is high when kinase is inhib-
ited. Assays were performed per manufacturer’s instructions.
Briefly, 8 ll of 0.25 mM Src substrate peptide (Biomol) in a
buffer (50 mM HEPES, pH 7.3, 2.5 mM DTT, 0.01% Triton X-100,
10 mM MgCl2) was added to each well of 384-well plate (Greiner
Bio-One Lumitrac plate, solid white). 0.5 ll of Lck (Invitrogen,
Part# P3043, Lot# 37621F), which had been prediluted in the
buffer above to 46 ng/ll, and 0.5 ll of ligand at different concen-
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trations were then added to each well. Kinase reaction was
initiated by 1 ll of 100 lM ATP. After 1-h incubation at the
room temperature, 10 ll of Kinase-Glo reagent was added to
each well and incubated further for 10 min at room temperature.
Luminescence of each well was measured by SpectraMax Gemini
EM microplate spectrofluorometer (Molecular Devices). IC50

values and the 95% confidence interval (CI) of a mean were
obtained by fitting the data from replicate trials (n = 2 or 3) to
a sigmoidal dose–response curve using GraphPad Prism (Graph-
Pad Software).

5.5. Photolabeling of Lck and Western blot

Photolabeling and Western blot was carried out using a re-
ported protocol6,24 with a minor modification. Specifically, after
the blocking of the blotted PVDF membrane, streptavidin–HRP
conjugate (1:10,000 dilution in 3% non-fat milk in TBS-T) was used
to visualize the biotinylated Lck. Bands were observed and quanti-
fied with the BioRad ChemiDoc gel documentation system. In band
quantitation, background signal, which defined the 0% labeling,
was subtracted from each band. The 100% labeling was defined
as the maximum band intensity obtained with the highest concen-
tration (180 lM) of compound 1 (Gly).

The photocrosslinking efficiency was assessed by measuring
EC50. To this end, the dose-labeling relationship was first obtained
by labeling Lck with different concentrations of each compound (0,
3, 9, 18, 36, 90, and 180 lM). Intensities of the observed bands
were plotted against probe concentration. EC50 values and the
95% confidence interval (CI) of a mean were obtained by fitting
the data from triplicate trials (n = 3) to a sigmoidal dose–response
curve using GraphPad Prism (GraphPad Software).

5.6. Measurement of probe decomposition under UV

The decomposition of probes under UV irradiation was moni-
tored by RP-HPLC. One hundred microliters of each probe
(30 lM) in the buffer was irradiated under six Sylvania 350 Black-
light lamps (15 W, kmax 350 nm), in which samples were kept on
ice and placed approximately 5 cm below the lamps. At various
time intervals (t = 0, 10, and 30 min), aliquots were taken and
examined by HPLC. Peak areas on chromatograms were used to
estimate the intact probe concentrations.
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