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Formation of a covalent bond using photoreactive groups allows one to maintain the complex between the ligand
and its binding protein even under denaturing conditions. Thus, the photoreactive groups functioned as the powerful
hook in the fishing of specific binding proteins. This is a very useful feature for developing the efficient and sensitive
methods in molecular biology. Among the photoreactive groups, carbene-generating phenyldiazirine is a first choice for
the application to the methods because the use of phenyldiazirine seems to be promising for achieving efficient crosslink-
ing. This review describes improvements of phenyldiazirine usability and an application of phenyldiazirine to displayed
phage screening. We synthesized the photoreactive diazirine units for a solution to preparing photoreactive ligands.
Since the photoreactive units can be easily integrated into physiological ligands such as peptides, proteins, DNAs, and
sugars by chemoselective reaction, the biochemists, who are not familiar with organic synthesis, can prepare the pho-
toaffinity ligands using their interested ligands. We applied the phenyldiazirine to screening of displayed phages, and in-
vestigated the screening efficiency. The phages displayed specific-binding protein were extremely concentrated by using
photoreactive peptide bearing diazirine. High efficiency in the screening is due to carry out intensive washing which re-
moves almost all the unspecific binding phages. Moreover, such application overcomes the unavoidable drawback of
photoreactive groups, the low efficiency of crosslinking because the isolated genes can be amplified.
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Fig. 1. Fishing the Target Protein with Photoreactive Bait

Photoreactive groups function as a fishhook, onto which ligands are
placed as fish bait.
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Fig. 2. Ligand-Receptor Complexes in Denaturing Condition

(a): The complex easily comes apart in an intact binding because the
binding is dependent on the protein’s higher ordered structure. (b): Forma-
tion of a covalent bond using photoreactive groups allows one to maintain
the complex between the ligand and its binding protein even under denatur-
ing conditions. (c): In unspecific binding, the photoreactive groups often
form the crosslinking to unrelated compounds such as H,O.
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Fig. 3. Crosslinking Efficiency of Photoreactive Group

(a) : Effect of irradiation time for the photoaffinity labeling of calmodu-
lin protein with the photoreactive calmodulin-binding peptide. The mixtures
of calmodulin and the peptide were separated by SDS-PAGE and visualized
by chemiluminescence of biotin-avidin system. (b): Time course of pho-
toaffinity labeling of calmodulin protein by photoreactive peptide. Photolysis
of the complex performed by UV-A irradiation with 30 W/m? of 360 nm
light at 0°C after incubation at 37°C for 10 min in 50 mm Tris buffer (pH 7.4)
containing CaCl, (5mm), and NaCl (0.15m). After irradiation, pho-
toproducts were chromatographed on reverse-phase HPLC (ODS) with 0.1
% aqueous trifluoroacetic acid using a gradient of CH;CN from 40 to 60% .
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Fig. 4. Three Major Photoreactive Groups
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Fig. 5. Comparison of Crosslinking Efficiencies

Photoaffinity labeling to HeLa cell nuclear extract using the photoreac-
tive DNA bearing diazirine or benzophenone is shown. Arrows on left side of
the gel indicate the crosslinked complexes.
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Photoreactive Units and Their Syntheses
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calmodulin-binding peptide

Fig. 7. Photochemical Screening of Displayed Phage

(a): Photoreactive calmodulin-binding peptide prepared with Fmoc-
photoreactive amino acid. (b): Scheme of photochemical screening of dis-
played phage with the photoreactive peptide.



No. 11

1621

7 — P DRI RINE CaM # B X T F R %
i, LIEe<&BELEZDS, YRFz2iTo7/7-. #
JERNCHREFL7ZDB IS T7 7y —P %2 T L — R
WME, 79— IONAMTUIFAE—232TLoT
CaM f&/R7 7 — Y DR ZEFHM L7z, TORER, i
KDALY —Z 2 7 EORMEHRN 100 5L FTH -
DITK L, 1EOHCEN A7 ) —Z 27 TIEK
13000 {512 CaM $2 /R 7 7 — VO MBEMTE D 2 &N
BHSNT/E> T, T EYENTFIED 1 DTH S
RT7—YDAZ Y —=Z 2 RIS U > R
ZEATHIET, EBICHROENAZY) —=
TEERTDIENTE.

1. TEB

RN ORI AR HDTH O, TN 5IdK
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Fig. 8. Roles of Photoreactive Group in Screening Experi-
ments
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