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Structure of Bistramide A —Actin Complex at a 1.35 A Resolution
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Bistramide A () is a marine natural product isolated from the A
ascidianLissoclinum bistratum—2 In addition to a highly potent
antiproliferative activity, bistramide A altered the voltage depen-
dence of the muscle twitch tension and inhibited Menductancé?

We have recently developed an efficient and fully stereocontrolled
synthesis of bistramide A, which established the structure of this
natural product.” Furthermore, we revised a previously suggested
mode of actiohand identified actin as a specific cellular receptor
of bistramide A? which provided the molecular basis for its potent
antiproliferative profile. This finding was enabled by a series of
cell-based and in vitro studies coupled with affinity-based protein
isolation using a fully synthetic bistramide-Aiotin conjugaté.
Importantly, bistramide A does not bear any structural resemblance
with any of the known G-actin-binding natural produ&thus, it

was our intention to understand the basis of molecular recognition
of actin by the bistramides. Herein, we report the results of the
X-ray structure determination of actibistramide A complex,
which unveiled the unique mode of binding of this natural product,
enabling subsequent rational design of useful chemical probes for
studies of actin cytoskeleton and development of potential leads
for a new class of anticancer agehits?

Crystals of actir-bistramide A diffracted to up to 1.3 A
resolution. The structure was solved by molecular replacement and -
refined to a resolution of 1.35 A. The structure of the complex is Subdomain 3 Bistramide A Subdomain 1
shown in Figure 1. Actin is found in a typical closed conformaifon c
bound to ATP between subdomains 2 and 4 (Figure 1B) and 4
C&" ions (not shown}#!> Bistramide A binds to actin between
subdomains 1 and 3 (Figure 1B and 1C). A similar binding region
of the protein is targeted by actin-capping protein gel$blamd
several actin-binding natural products, including kabiramid€ A,
swinholide Al8 as well as structurally related macrolidésThe
binding mode of bistramide A, however, has several highly unique
features. In contrast to kabiramide A and swinholide A, bistramide Subdomain 3 Bistramide AY  Subdomain 1
A spans the entire deep binding cleft between subdomains 1 and 3Figure 1. Structures of bistramide A and actibistramide A complex.
in its fully elongated conformation (ca. 2.5 nm), forming a network (A) The structure of bistramide A is composed of three subunits, including
of extensive hydrogen-bonding contacts (vide infra). Upon binding, S{19)-C(40) spiroketal, C(14)C(18) amino acid, and C(+)C(13) pyran.

. . . (B) The structure of actinbistramide A complex depicting four actin
64% (712 K) of the solvent-accessible surface area of bistramide gypdomains, ATP, and bistramide A. (C) The structure of adiistramide
Ais sequestered by the interaction with actin, providing the physical A complex in a different orientation depicting bistramide A bound to the
basis for the high binding affinity of the natural product to its cleft between subdomains 1 and 3.
receptor K4 = 7 nM).®
The electron density of bistramide A is shown in Figure 2A.

bistramides B and D do not alter significantly the cell growth
) - . . inhibitory activities of these compounds. This finding further
While the C(19)-C(40) spiroketal and the C(14§>(18) amino acid explains why our biotirbistramide A conjugate, which was

Sltjtbugltz ta r?h highly ofrdered, tthe d(':(_nc§4) gnone S'dt.e C:f ”t] thi constructed by extension of the enone moiety, was used successfully
attached to the pyran fragment is disordered, suggesting that this affinity-based actin isolatiof.

moiety does not play a critical role in the binding of the natural The most notable aspect of the bistramideaktin structure is

pr(_)dtut(:jt:[ Indeg?r,] the leno?b:'r;]s c:(rlented OHL_'LOf tt;e P'l?;;g S.'te and an extensive hydrogen-bonding network established upon a deep
fglis\ntgnsﬁwacr)f b'setr.sa?n\(ggs; is fe” nggvnns'csetentasih fhnsj obse\rlltgt'on penetration of the central C(13L(18) amino acid-containing
! P : ! IS Uy ! w ' vation. segment of bistramide A into the actin-binding pocket. It is

Indeed, structural changes of the G{fj(4) enone subunit in noteworthy that swinholide A, kabiramide A, and related macrolides
* Department of Chemistry. display very fgw polar contact§ upon bindir]g to actin with extensive
* Department of Biochemistry and Molecular Biology. hydrophobic interactions playing the dominant role. In the case of
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Figure 2. Electron density map of bistramide A and selected contacts involved in bistramidetia recognition. (A) The SigmaA-weightedr2-F
electron density map of bistramide A. (B) Selected amino acid side chains interacting with bistramide A. (C) Polar contacts between bistramitia.A and a

bistramide A, however, the five heteroatoms of the central fragment Sloan Foundation, the Dreyfus Foundation Amgen, and Glaxo-
are involved in hydrogen-bonding interactions with Tyr 133, SmithKline for additional funding. Use of the Argonne Advanced

Vall34, lleul36, Argl16, Tyrl43, and Alal70 (Figure 2B and C).

Photon Source was supported by DOE under Contract Number

Notably, four of six polar contacts are direct hydrogen-bonding W-31-109-Eng-38.

interactions between the ligand and the protein. In addition, C(39)
alcohol generates contacts with Tyrl33 via a bridging water

Supporting Information Available: Crystallization, data collection,

molecule. It is also highly noteworthy that the side chains of Tyr169 and refinement details. Coordinates and structure factors have been
and Met355 are located directly over the bound small-molecule deposited in the Research Collaboratory for Structural Biology (http://
ligand, creating a deep, channel-like binding site. We propose thatWww.rcsb.org); PDB ID code is 2FXU. This material is available free
the polar contacts play the dominant role in the binding of ©f charge via the Internet at http://pubs.acs.org.

bistramide A to actin. Indeed, the C(£3F(18) central amino acid
subunit is conserved in all bistramide congeners.

The C(19)-C(40) spiroketal subunit of bistramide A occupies a
large hydrophobic pocket formed by Tyr143, Thr351, llue345,
Thr148, Gly168, Leu349, and Leu346. The C{D(13) pyran
fragment generates very few contacts and is most likely not critical
for binding. We propose that the spiroketal and the pyran subunits
are important in attenuating the lipophilicity of bistramide A,
favoring the docking of the natural product into the actin-binding
pocket. This structural information combined with our ability to
chemically modify the bistramide framewbnirovides the basis
for rational development of a series of new synthetic analogues as
useful probes for studying actin cytoskeleton and as potential
therapeutic leads.

In summary, we have determined the structural basis of recogni-
tion of G-actin by bistramide A, which uniquely features an
extensive network of hydrogen-bonding contacts combined with a
series of hydrophobic interactions. The natural product binds in a

deep cleft between subdomains 1 and 3, spanning the entire width

of the protein. The same binding region has been implicated in
forming contacts with the complimentary residues of the neighbor-
ing actin subunit in F-actif® While the exact mechanism of F-actin

(10) Yeung, K. S.; Paterson, Angew. Chem.,
(11) Riou, D.; Roussakis, C.; Biard, J. F.; Verbist, JARticancer Res1993
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