
Molecular Targeting

Photo-Cross-Linked Small-Molecule Affinity
Matrix for Facilitating Forward and Reverse
Chemical Genetics**

Naoki Kanoh, Kaori Honda, Siro Simizu,
Makoto Muroi, and Hiroyuki Osada*

Affinity purification of small-molecule binding protein has
been one of the most important techniques in forward
chemical genetics (Figure 1 a).[1,2] Once hit compound(s)
which induce a specific phenotype in a cellular system are
identified, the next step is to identify the molecular target.
Thus, derivatization of the small molecules and structure–
activity relationship studies are conducted to prepare tagged
probes (for example, biotin conjugates) that can be used in a
pull-down assay. Many targets of biologically important drugs
have been discovered or identified by using this technique.[3–6]

However, it remains challenging and time-consuming to

derivatize small molecules without a loss in biological activity,
and an easy-to-use, universal approach would be of great
benefit in this context.

Affinity purification can also be used in reverse chemical
genetics[7] for other purposes (Figure 1b). In vitro binding
assays including small-molecule microarrays have been used
to identify small-molecule ligands for proteins of interest.
Although these techniques have led to the successful identi-
fication of ligand candidates, they do not provide information
about the specificity of the ligand–protein interaction. If the
ligand could be immobilized on an affinity matrix in a manner
that was independent of the functional groups present, pull-
down experiments and competitive binding assays using this
matrix could be used to confirm whether or not an interaction
is specific. We have looked for a rapid and general approach
for the immobilization of small molecules on an affinity
matrix to enhance the forward and reverse chemical genetics
approaches described above.

Recently, we reported a coupling method that enables the
introduction of a variety of small molecules onto glass slides
through a photoaffinity reaction.[8] By using this method, aryl

diazirine groups covalently attached to glass slides are
transformed upon irradiation with UV light into highly
reactive carbenes, which in turn bind to or insert irreversibly
into a proximal small molecule in a manner that is independ-
ent of the functional groups.[9] This method, referred to as
photo-cross-linking, has proven useful in the construction of
small-molecule microarrays.[10] It is expected that a similar
chemical approach could be used to introduce small mole-
cules onto affinity gel, such as onto agarose beads. To test this
hypothesis a photoaffinity linker 1 was introduced on agarose
beads to prepare photoaffinity-linker-coated (PALC) agarose
beads 3, and the photo-cross-linking of complex small
molecules onto 3 was demonstrated.

The preparation of 3 and the immobilization of small
molecules on 3 were performed in a straightforward manner

Figure 1. Affinity purification of small-molecule binding proteins in forward and reverse chemical genetics studies.
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(Scheme 1). Activated CH sepharose 4B beads (Amersham
Bioscience, Uppsala, Sweden; 2) were first coupled with the
photoaffinity linker 1, and the beads were then blocked with
1.0m aqueous ethanolamine, by using a solid-state coupling
approach, to give 3. Introduction of the photoaffinity linker 1
on the beads 2 was confirmed by high-resolution solid-state
19F NMR measurements of 3 (d =�65.9 ppm, ArCF3). To
immobilize structurally diverse small molecules on 3 a
methanolic solution of a small molecule was premixed with
3, and then the mixture was concentrated and dried in vacuo.
The dried beads were exposed to UV light (365 nm, 4 J cm�2)
from a UV cross-linker, and then washed thoroughly with
methanol and water.

Figure 2 shows that the immobilization of the fluorescent
rhodamine B depended on the photoaffinity linker 1 and
irradiation with UV light: when agarose beads (sepharose

CL-6B, Amersham Bioscience, Uppsala, Sweden) were
irradiated in the presence of rhodamine B and then washed,
no fluorescence was detected by fluorescence microscopy
(Figure 2b). Fluorescence was observed only on PALC beads
which had been irradiated in the presence of rhodamine B
and then washed (Figure 2d). No fluorescence was observed
on the beads in the absence of UV irradiation (Figure 2 f).
These results suggest that the photo-cross-linking strategy
could be applied not only in studies using glass slides but also
in assays with agarose beads.

To validate the binding ability of small molecules that had
been photo-cross-linked on affinity beads with their target
proteins we used the immunosuppressive drugs cyclosporin A
(CsA) and FK506 (FK) as model ligands. CsA and FK are
known to bind to the cellular targets cyclophilin A[11] and
FKBP12,[3] respectively. In the specific case of CsA, photo-
cross-linking with 4-benzoylbenzoic acid in solution[12] and a
site-selective free-radical reaction on an appropriately pro-
tected CsA derivative[13] have been reported. Both molecules
were photo-cross-linked on 3, as shown in Scheme 1. The
resulting CsA beads were incubated with the cell lysates of an
E. coli BL21(DE3)pLysS strain over-expressing GST-cyclo-
philin A (GST-CypA), and the FK beads were incubated with
the same E. coli strain, but which over-expressed (His)6-
FKBP12 (Figure 3a). First, we were able to identify a protein
band of approximately 40 kDa that co-precipitated with the
CsA beads (Lane 1). To determine the specificity of this
interaction we examined whether or not CsA could compete
for the binding of the CsA beads to the 40-kDa protein. The
binding of CsA beads to the 40-kDa protein was found to be
completely blocked by the addition of 10 and 100 mm CsA
(Lanes 2 and 3), although no change in binding was observed
in a control experiment using DMSO (Lane 4). The 40-kDa
protein was reactive with an anti-GST antibody, thus indicat-
ing that the protein was GST-CypA (Figure 3b, left panel).

We were also able to identify a band of approximately
16 kDa (Figure 3 a, Lane 6) that was reactive with an anti-
(His)6 antibody (Figure 3b, right panel); binding between the
FK beads and the 16 kDa protein was blocked by a dose-

Scheme 1. Preparation of PALC agarose beads and photo-cross-linking of a small molecule. Reagents and conditions: a) 1, NaHCO3, NaCl, H2O/
dioxane (1:1), RT, 2 h; b) 1.0m aq ethanolamine, RT, 1 h; c) 10 mm methanolic solution of small molecules, drying; d) irradiation at 365 nm,
4 Jcm�2; washing with organic solvent and water.

Figure 2. Observation of beads with immobilized rhodamine B by
microscopy. Agarose beads and PALC agarose beads were mixed with
rhodamine B and dried in vacuo. After incubation of the beads with or
without irradiation, they were washed with methanol and water, and
were observed under a microscope in the phase-contrast (a, c, e) or
fluorescence mode (b, d, f).
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dependent competition by the addition of FK506 (Figure 3a,
Lanes 7 and 8). These results demonstrated that the protein
was (His)6-FKBP12 and also that the binding was specific.

The specificity of the interactions between a photo-cross-
linked drug and immunophilin was further confirmed by
cross-experiments (Figure 3c). Briefly, GST-CypA and
(His)6-FKBP12 did not co-precipitate with the FK and CsA
beads, respectively (Lanes 2 and 3).

The next issue to be addressed was whether the photo-
cross-linked affinity beads would be able to both purify the
over-expressed proteins and also identify the cellular target(s)
of the immobilized ligand. To address this question we
incubated the CsA beads with Jurkat cell lysate, and the co-
precipitated proteins were analyzed by sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE, Fig-
ure 4a). This procedure led to the detection of a protein band
of approximately 20 kDa by Coumassie Brilliant Blue (CBB)

staining (Lane 1). To identify the protein the protein-con-
taining region was excised and digested on SDS-polyacryl-
amide gel, and the resulting peptides were extracted and
analyzed by MALDI-TOF MS (Supporting Information). The
protein was identified from peptide mass fingerprinting
(PMF) using the Mascot search program (Matrix science
Inc., USA) and the Swiss-Prot database as human cyclo-
philin A with a protein score of 125—a score of greater than
52 is considered significant (p< 0.05). Besides being success-
ful in the case of CsA beads, we also succeeded in purifying a
human FKBP12 from Jurkat cell lysate by using both the FK
beads and beads on which rapamycin was photo-cross-linked
(Figure 4b).[14]

Figure 4. Detection of CsA-, FK-, and rapamycin-binding protein from
the Jurkat cell lysate. The Jurkat cell lysate was first incubated with
beads on which each of the small molecules were immobilized (CsA
for Lane 1 of (a); rapamycin for Lane 1 of (b); FK for Lane 2 of (b)).
The beads were then washed with lysis buffer containing 0.3% triton
X-100, resuspended in SDS sample buffer, heated, and subjected to
SDS-PAGE. The gels were visualized with CBB staining. The arrow-
heads indicate the bands which disappeared on addition of the
respective small molecules (10 mm).

Figure 3. Detection of binding proteins for small-molecule-immobilized
beads. Cell lysates of E. coli over-expressing GST-CypA or (His)6-
FKBP12 (namely, CypA lysate or FK lysate) were incubated with or with-
out competitor. CsA beads or FK beads were then added to absorb the
binding proteins. After the beads had been washed with the incubation
buffer they were resuspended in SDS sample buffer, heated, and sub-
jected to SDS-PAGE. The gels were visualized by CBB staining. a) Com-
petition experiments. Lanes 1–4: CypA lysate plus CsA beads with CsA
as a competitor; Lane 5: CypA lysate (loading control); Lanes 6–9: FK
lysate plus FK beads with FK as a competitor; Lane 10: FK lysate (load-
ing control). b) Western blot analysis. Protein bound specifically to the
CsA beads was reactive to anti-GST antibody (left panel). Protein
bound specifically to the FK beads was reactive with an anti-(His)6
antibody (right panel). c) Cross-experiments. Lane 1: CypA lysate plus
CsA beads; Lane 2: CypA lysate plus FK beads; Lane 3: FK lysate plus
CsA beads; Lane 4: FK lysate plus FK beads; Lane 5: CypA lysate
(loading control); Lane 6: FK lysate (loading control).
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In summary, we have prepared PALC beads and demon-
strated that photo-cross-linked small-molecule agarose beads
can be used to identify and purify the binding protein. It was
of note that complex small molecules such as FK506,
rapamycin, and cyclosporin A could be introduced on the
affinity matrix by using a uniform and straightforward
procedure. Although the present procedure can not be
applied to small molecules that degrade upon UV irradiation,
technologies aimed at immobilizing ligands on an affinity
matrix in a functional-group-independent manner are
expected to facilitate the identification of molecular targets
of small molecules in forward chemical genetics, and is also
considered potentially useful for the confirmation of specific-
ity between small molecules and proteins of interest in the
field of reverse chemical genetics.

Received: October 20, 2004
Revised: March 18, 2005
Published online: May 4, 2005

.Keywords: affinity purification · immobilization ·
molecular targeting · peptides · photochemistry

[1] S. M. Khersonsky, D.-W. Jung, T.-W. Kang, D. P. Walsh, H.-S.
Moon, H. Jo, E. M. Jacobsen, V. Shetty, T. A. Neubert, Y.-T.
Chang, J. Am. Chem. Soc. 2003, 125, 11804 – 11 805.

[2] N. Shimizu, K. Sugimoto, J. Tang, T. Nishi, I. Sato, M. Hiramoto,
S. Aizawa, M. Hatakeyama, R. Ohba, H. Hatori, T. Yoshikawa,
F. Suzuki, A. Oomori, H. Tanaka, H. Kawaguchi, H. Watanabe,
H. Handa, Nat. Biotechnol. 2000, 18, 877 – 881.

[3] M. W. Harding, A. Galat, D. E. Uehling, S. L. Schreiber, Nature
1989, 341, 758 – 760.

[4] L. Whitesell, E. G. Mimnaugh, B. De Costa, C. E. Myers, L. M.
Neckers, Proc. Natl. Acad. Sci. USA 1994, 91, 8324 – 8328.

[5] N. Kudo, N. Matsumori, H. Taoka, D. Fujiwara, E. P. Schreiner,
B. Wolff, M. Yoshida, S. Horinouchi, Proc. Natl. Acad. Sci. USA
1999, 96, 9112 – 9117.

[6] J. Taunton, J. L. Collins, S. L. Schreiber, J. Am. Chem. Soc. 1996,
118, 10 412 – 10422.

[7] D. S. Tan, M. A. Foley, B. R. Stockwell, M. D. Shair, S. L.
Schreiber, J. Am. Chem. Soc. 1999, 121, 9073 – 9087.

[8] N. Kanoh, S. Kumashiro, S. Simizu, H. Osada, Y. Kondoh, S.
Hatakeyama, H. Tashiro, Angew. Chem. 2003, 115, 5742 – 5745;
Angew. Chem. Int. Ed. 2003, 42, 5584 – 5587.

[9] Preliminary studies of the photochemical degradation of aryl
diazirine in solution have been reported: a) J. Brunner, H. Senn,
F. M. Richards, J. Biol. Chem. 1980, 255, 3313 – 3318; b) M.
Nassal, J. Am. Chem. Soc. 1984, 106, 7540 – 7545; c) M. Platz,
A. S. Admasu, S. Kwiatkowski, P. J. Crocker, N. Imai, D. S. Watt,
Bioconjugate Chem. 1991, 2, 337 – 341.

[10] N. Kanoh, K. Honda, A. Asami, T. Amemiya, Y. Kondoh, S.
Hatakeyama, H. Tashiro, H. Osada, unpublished results.

[11] R. E. Handschumacher, M. W. Harding, J. Rice, R. J. Druggge,
D. W. Speicher, Science 1984, 226, 544 – 546.

[12] a) N. A. Cacalano, W. L. Cleveland, B. F. Erlanger, J. Immunol.
Methods 1989, 118, 257 – 263; b) N. A. Cacalano, B.-X. Chen,
W. L. Cleveland, B. F. Erlanger, Proc. Natl. Acad. Sci. USA 1992,
89, 4353 – 4357.

[13] a) M. K. Eberle, F. Nuninger, J. Org. Chem. 1992, 57, 2689 –
2691; b) P. J. Belshaw, D. M. Spener, G. R. Crabtree, S. L.
Schreiber, Chem. Biol. 1996, 3, 731 – 738.

[14] a) S. L. Schreiber, Science 1991, 251, 283 – 287; b) S. L. Schreiber,
Cell 1992, 70, 365 – 368.

Zuschriften

3628 � 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.de Angew. Chem. 2005, 117, 3625 –3628

http://www.angewandte.de

