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Photoaffinity labeling has become a powerful tool for inves-
tigating ligand/receptor interactions since its introduction by
Westheimet:? However, despite the progress in the design of
photolabile group$,and methods for separating cross-linked
peptide fragments and identifying cross-linking sitéshe cases
in which cross-linked amino acids have been identified are
relatively limited*® This is particularly true with membrane-
bound proteins, including the philanthotoxin/nicotinic acetylcho-
line (NACh) receptor complek. With retinal/rhodopsin and
retinal/bacteriorhodopsin, it was possible to characterize cross-
linked amino acids, but with considerable difficufty*

A bifunctional photoaffinity probe (BPP) with a photoaffinity
label (site A) and a photocleavable moiety (sitB) has been
prepared to streamline the tedious photoaffinity labeling process.
The concept is shown in Figure 1: (i) The ligan@PP molecule
is bound to the receptor and photolyzed, and the receptor is
cleaved enzymatically or chemically; (ii) the cross-linked and non-

cross-linked peptide fragments are separated (a biotin tag linked

to the ligand may facilitate separatiol¥)(iii) the ligand (with
the biotin tag) is detached from the cross-linked peptides by site
B photocleavage; (iv) the mixture of peptides with the nitrophe-
nolic marker is sequenced by tandem MS.

Tandem MS can directly sequence the respective peptide
fragments, including those from membrane-bound prot€ias,
the femtomole level! without separation of the mixture; more-
over, no radioisotope is requirétl. However, it is desirable that
the bulk of the ligand moiety (including biotin tag) be removed
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Figure 1. Conceptual outline of BPP.

from the peptides before MS sequencing to avoid complications
in MS analysis (Figure 1). This led to the design of the probe
shown in Figure 1, which carries photolabeling (sk¢ and
photocleavable sites (si8), and which can derivatize various
ligands.

For siteA, the 3-(trifluoromethyl)-3-phenyldiazirine moiéfy
was chosen as the photolabel because of its outstanding photo-
cross-linking result$2° and because irradiation at its 350 nm
absorption band would not destroy the protdif.x 280 nm; it is
also stable to mild reductive, acidic, and basic conditfgh§Vith
respect to sit®, the linkage should withstand the manipulations
associated with photoaffinity labeling experiments, but should also
be readily cleavable for subsequent MS measurements. A
comparison of various linkages and cleavage conditions in model
system&! led to the “aromatic photosubstitution” system studied
by Havinga??> Namely, as shown in Scheme 1 (1), irradiation in
mild base displaces the OGigroup ofm-nitroanisolel by 18OH~
to yield 2; however, in neutral media no photochemistry océgrs.
Thus, irradiation of 3-nitroanisol&é and 3-(4-methylphenyl)-3-
(trifluoromethyl)-1,2-diazirine3 in CDs;OD at 365 nm for 180
min gave adduct, characterized byH NMR, °F NMR, and
GC—MS (Scheme 1, Il). Whereas diaziriBeeacted completely,
anisolel remained intact. It is therefore possible to selectively
excite the photolabeling sit& in the presence of the phenoxyl
ether siteB.

The bifunctional photoaffinity probe should be compact and
carry amnitrophenoxyl ether function and a trifluoromethyl
diazirine side chain, and both positions ortho to the diazirine side
chain should be unsubstituted to avoid intramolecular cross-
linking. This led to BPPLL, prepared as in Scheme 2. Aldehyde
5% was converted into trifluoroacetyl ketor by trifluoro-
methylation with Ruppert’s reagéhind oxidation of the resulting
alcohol with Dess-Martin periodinane® Heating of 6 with
NH,OH-HCI in pyridine at 60°C gave a mixture okyn and
anti-oximes7. Saponification of methyl estef with aqueous
base followed by Curtius rearrangement with DPPABUOH?’
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providedN-Boc aniline derivative8. Standard manipulatioffs?®
furnished diazirin® in three steps, overall yield 49%. Successive
TMS triflate deprotection of BG€ and dioxirane oxidatiof32
yielded nitro compoundlO0 (HRMS calcd for G;HgFsN3O3
287.0518, found 287.0528). Further oxidation with Q&M O
and then with Nal@Qwet silica gel in CHCI,*3 gave BPPL134in
97% vyield.

Due to the tendency of the aldehyde group in BPPto
undergo hydration, the photochemistry was checked with allylic
ether10 (Scheme 3, Figure 2). Irradiation @0 (6.2 mg, 21
mmol) in deoxygenated MeOH (20 mL) in Pyrex culture tubes
in a Rayonet photoreacf8at 350 nm for 150 min gavé2a (2.5
mg, 42%, HRMS calcd for GH;:NO4F; 291.0718, found
291.0711), while further irradiation df2a (1.6 mg, 5.5 mmol)
at 350 nm in 0.01 M NaOH (14 mL) for 120 min gadsa
(HRMS calcd for GHgNO4F; 251.0405, found 251.0401) in
guantitative yield. These results demonstrate that sitesdB
can be selectively excited as expected. Similarly irradiation of
10in CD3;OD in an NMR tube yielded 2b, and thenl3b.

BPP can be readily incorporated into ligands through a lysine
side chain or other primary amino groups. For exampleyas
coupled to the peptidomimetiNa-Cbz-lysine isopropyl amide
through reductive amination to give compoul#i(60%, HRMS
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Figure 2. Amax(€) of BPP precursotO. Unfilled arrow denotes irradiation
wavelength.
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calcd for GH3zNgOsFs (MH)™ 595.2492, found 595.2487)
(Scheme 4). Under similar conditiond,l was coupled to
philanthotoxin-433 (PhTX433), a noncompetitive antagonist of
nACh and Glu receptors isolated from the venom of the digger
waspPhilanthus triangulun® to yield PhTX433-BPRL5 (66%,
HRMS calcd for GgH47N306F3 709.3649 (MH)L, found 7093651)

It is worth noting that in aJH]TCP (1-(1-(2-thienyl)cyclohexyl)-
piperidine) competition assay, PhTX433-BRB demonstrated
>30-fold stronger binding activity toward nACh receptor as
compared to PhTX343, the reference in analogue SAR stéitlies.
Since diazirine is stable under reductive conditiot4, can
possibly be converted into a tosylate by reduction of the aldehyde
followed by tosylation, and coupled to ligands via hydroxyl or
phenoxyl groups.

In summary, two photolabile functions which can be selectively
activated are incorporated into the aromatic ring of the bifunctional
photoaffinity probell. The UV band above 300 nm can also
serve as an HPLC marker for purification of the labeled proteins/
peptides’® This bifunctional probe, in combination with tandem
MS, is currently being employed to investigate ligand/receptor
interactions® it should find wide applications in other areas. The
photo-cross-linking and sequencing results will be reported in due
course.

Acknowledgment. This research was supported by NIH Grant Al-
10187 (to K.N.) and NSF Grant CHE93-13102 (to N.J.T.). We thank
Ms. Ying Liu, this department, for the bioassay of PhTX433-BE5).(
K.F. is grateful to Dr. Alexander S. Kiselyov, Amgen Inc., for discussions.

Supporting Information Available: Experimental procedures for
model reactions, photochemistry, and synthesis of compoundstand
NMR, °F NMR, and HRMS data of compounds (10 pages, print/PDF).
See any current masthead page for ordering information and Web access
instructions.

JA9817186

(36) Eldefrawi, A. T.; Eldefrawi, M. E.; Konno, K.; Mansour, N. A.;
Nakanishi, K.; Oltz, E.; Usherwood, P. N. Rroc. Natl. Acad. Sci. U.S.A.
1988 85, 4910-4913.

(37) Nakanishi, K.; Huang, X.; Jiang, H.; Liu, Y.; Fang, K.; Huang, D.;
Choi, S.-K.; Katz, E.; Eldefrawi, MBioorg. Med. Chem1997, 5, 1969—
1988.

(38) Hatanaka, Y.; Yoshida, E.; Nakayama, H.; KananokaBhorg.
Chem.1989 17, 482-485.

(39) It has been reported thgtnitroanisole undergoes photochemical
nucleophilic aromatic substitution with tkeamino group of lysine at pH 8:
Jelenc, P. C.; Canto, C. R.; Simon, S.RRoc. Natl. Acad. Sci. U.S.A978
75, 3564-3568. It is unlikely that such a reaction would occur in the present

distance between the lamp and the sample should require shorter irradiationcase; however, if it does take place, its product will not contain the ligand

time.

and hence could be readily removed by the avidin treatment.



