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Photo-Leucine Incorporation Reveals the Target of a Cyclodepsipeptide
Inhibitor of Cotranslational Translocation
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Photoaffinity labeling is a powerful tool to identify protein targets
of biologically active small molecules and probe the structure of
ligand binding sites, especially in the case of integral membrane
proteinst A difficulty with photoaffinity labeling is that the small
molecule must retain biological activity after derivatization with a
photoreactive group such as benzopheAames-trifluoromethyl-
3-phenyl diaziriné. While these substituents are effective photo-
cross-linkers and have been incorporated into small moleéules,
peptides, and proteing, their large size can potentially interfere
with small molecule/protein interactions. The amino acid isosteres,
photo-leucine and photo-methionine, have smaller alkyl diazirine
side chains and were recently used to probe pretpintein
interactions after random biosynthetic incorporation in ¢etsvia
site-specific native protein ligatichBy contrast, the potential for
incorporating these novel photoreactive amino acids into natural
product scaffolds has not been explored. In this communication
we report (1) an improved synthesis of photo-leucine, (2) incorpora-
tion of photo-leucine and an alkyne click chemistry tag into a
cyclodepsipeptide inhibitor of protein secretion, and (3) identifica-
tion of the inhibitor's target by photoaffinity labeling.
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HUN-7293 () is a fungal cyclodepsipeptide that was first
identified as an inhibitor of vascular cell adhesion molecule
(VCAM) expressiorf. Recently, wé® and other& discovered that

related cyclodepsipeptides potently block the cotranslational trans-

location of VCAM and a subset of other proteins into the
endoplasmic reticulum (ER), an early step in the biogenesis of
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Figure 1. Photoaﬁmlty labeling strategy to identify the targetf

Scheme 1. Synthesis of Boc-(S)-Photo-Leucine
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modifications were aimed at preserving the biological potency of
1 while providing the necessary functionality for target identifica-
tion.

Synthesis of2 required Boc-§)-photo-leucine §), which we
prepared via ozonolysis of commercially availadlé® followed
by formation of the diazirine by the method of Church and Weiss
(Scheme 13% Boc-(S)-photo-leucine was efficiently coupled to
peptides (EDCI-HOAL) or deprotected (4 N HCI) to give the free
amino acid in quantitative yield. This route is a significant
improvement over the original six-step synthesis 8f-ghoto-
leucine, which proceeded in low yield and required enzymatic
resolution of a racemic intermediat&ynthesis oP followed the
solution-phase route developed by Boger and co-wotkevith

secretory and membrane proteins. Biochemical experiments revealedslight modifications. The diazirine side chain was stable to ambient
that these compounds act at the ER membrane to perturb interactiongight and the acidic and basic conditions used to preparé/e
between nascent ribosome-associated VCAM chains and thealso synthesize@ as a photostable control compound. Batand
translocation channel. A heterotrimeric membrane protein, the Sec613 were equipotent to the natural productat inhibiting VCAM

complex, forms the structural core of this chadhealnd thus
emerged as a potential direct targetlof

To identify the target, we designed photoaffinity proBein
which photo-leucine replaces leucine at position 4 lofWe
substitutedN-methylphenylalanine at position 5, previously shown
to have a negligible effect on poten&yA propargyl substituent
was installed at position 1 to enable Cu(l)-catalyzed conjugation
of a rhodamine-azide reportét (click chemistry) after photo-cross-
linking under native conditions (Figure 1). These conservative
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expression in transfected cells (&C- 25 nM, Figure S1).

We incubated a crude ER microsome fraction with 500 2M
and irradiated the mixture wittv350 nm light for 1 min. Proteins
were denatured in 1% sodium dodecylsulfate (SDS) and subjected
to standard click chemistry conditions using a rhodamiazgde
reporter (see Supporting Information). Following electrophoresis,
in-gel fluorescent scanning revealed a major rhodamine-labeled
protein with an apparent molecular weight 60 kDa (Figure
2A, lane 1). Labeling of this protein required both UV light (lane
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hydrophobicity, photo-leucine likely forms intimate contacts with
Sec6d in a manner similar to the leucine side chainloSecond,

the short lifetime (nanosecondspf the carbene derived from@
(Figure 1) ensures that molecules not bound to Se@# rapidly
quenched by intramolecular rearrangement, solvent, or membrane
lipids. Despite the short lifetime, the photo-cross-linking yield of

2 to Sec6d was estimated to be-23% (Figure S4). Thus,
depending on the specific application, alkyl diazirines may offer
advantages over the widely used benzophenone cross-linker. The
modular cyclodepsipeptide scaffold bhould facilitate installation

of a diazirine at multiple positions. High-resolution mapping of
the cross-linking site(s) by mass spectrometry will likely shed light
on the mechanism by which these compounds selectively inhibit
cotranslational translocation.
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Figure 2. (A) Photo-cross-linking o in the presence of ER microsomes,
followed by click chemistry with a rhodamireazide reporter. An asterisk
marks the major photo-cross-linked protein. (B) Secé@htibody or rabbit
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Supporting Information Available: Detailed experimental section,
synthesis, and spectral characterization of new compounds. This material
is available free of charge via the Internet at http:/pubs.acs.org.
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somes derived from control extracts (lane 3), Sec61-depleted extracts (lane
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photolyzed in the presence @ and analyzed by click chemistry/in-gel
fluorescent scanning. The major cross-linked proteins@ kDa is shown.

5) and2 (lane 6) and was competed by exc8gtanes 2-4). Weak
labeling of two additional proteins~60 and~40 kDa) was not
competed by excegsand is likely nonspecific. Background labeling
by the rhodamineazide, independent of UV light &, was also
observed (lanes 5 and 6).

The major cross-linked protein migrated on SDS gels with the
same relative mobility as Secé1the largest subunit of the Sec61
complex (Figure S2). Consistent with Sec6ds the primary target
of 2, the ~50 kDa rhodamine-labeled protein was immuno-
precipitated directly from the click reaction mixture with an
antibody raised against Seaflbut not with a control antibody
(Figure 2B).
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