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Myriaporones are naturally occurring compounds which structurally resemble the southern
hemisphere of the tedanolide family of macrolide antitumor agents. Despite the fact that
myriaporone 3/4 represents only a portion of tedanolide, it nonetheless retains much of its
biological activity. We show here that like tedanolide, myriaporone 3/4 inhibits protein synthesis
and proliferation of mammalian cells with low nanomolar potencies but displays no prokaryotic
growth inhibitory effect. Moreover, myriaporone 3/4 displays a very rapid, reversible and
p21-independent activity to block S phase progression in mammalian cells. Structure–activity
relationship studies revealed that the C18–C19 epoxide and the C14 hydroxymethyl group
(tedanolide numbering) of myriaporone 3/4 are required for cell cycle inhibition. These constitute
previously unidentified and/or novel pharmacophores for myriaporone 3/4. Our results show that
the important biological activities associated with the structurally complex tedanolides are present
and can be harnessed in the chemically much simpler myriaporones. This greatly increases the
value of the latter as investigative tools for biochemical research as well as for development of
potential therapeutics.

Introduction

For several years, the chemical diversity existing in marine
sources has been shown to be comparable to that of terrestrial
sources.1 Marine natural products such as the ion-channel
blockers tetrodotoxin and saxitoxin and the phosphatase
inhibitor okadaic acid have long been used extensively as
research tools. More recent research into marine sources has
led to the discovery of novel anti-cancer drug candidates such
as ecteinascidin-743 (a transcription inhibitor from
Ecteinascidia turbinata),2 didemnin B (a protein translation
inhibitor from Trididemnum solidum)3 and discodermolide
(a microtubule stabilizer/senescence accelerator from
Discodermia sp.).4,5

Tedanolides are polyketide macrolides first identified by
Schmitz and colleagues in isolates from the Caribbean fire
sponge Tedania ignis.6 These compounds are cytotoxic,
with potencies described from the sub-nanomolar6–8 to high
nanomolar range.9 In murine in vivo tumor implantation
studies, tedanolides have significantly slowed tumor
growth.7,10 However, their mechanism of action has
only recently been elucidated: Nishimura and colleagues11

demonstrated that 13-deoxytedanolide, a structurally-related
macrolide isolated from the marine spongeMycale adhaerens,
binds to the 60S ribosomal subunit and can inhibit mRNA
translation in a cell-free yeast extract. The resultant ribotoxic
stress leads to the activation of SAPK/JNK and p38 MAP
kinase,12 both well-established members of the stress-activated
protein kinase family.

Following the discovery of the tedanolides, Rinehart and
colleagues isolated myriaporones from the Mediterranean
false coral Myriapora truncata.1 These simpler chemical
entities strongly resemble the so-called ‘‘southern hemisphere’’
(C10–C23) of tedanolide. Myriaporone 3/4 is so named
because the molecule exists as an equilibrium between open
(myriaporone 4) and closed (myriaporone 3) structures. While
tedanolide has yet to be preparedvia total synthesis, two recent
reports detail the successful total syntheses of 13-deoxyteda-
nolide.13,14 Unfortunately, due to the structural complexity of
the tedanolides, it is not clear that a total synthesis would play
an important role in understanding their interesting biological
activity and determining their therapeutic potential. In fact,
there have been very few reports elaborating the biological
activity of the tedanolides.11 Thus, the discovery of the
myriaporones as a naturally-occurring highly related compo-
nent of the more complex macrolide raised the possibility
that the biological activity of the structurally more compli-
cated tedanolides might be harnessed in a much smaller and
simpler molecule. This could significantly expedite important
structure–activity investigation and the development of biolo-
gical probes for identification of partner proteins for these
small molecules. Here we characterize the antiproliferative
effects of myriaporone 3/4 and identify novel and important
structural elements that contribute to its potent biological
activity.
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histone synthesis leading to inhibition of S phase progression,
which swiftly resumes once the drug is removed (Fig. 2(c)).

The spectrum of activity of myriaporone 3/4 clearly shows it
to be selective for eukaryotes—halo assay revealed that growth
of the budding yeastS. cerevisiae and the fission yeastS. pombe

was also inhibited, albeit not as potently as were mammalian
cells. However, parallel halo assays performed onE. coli

revealed no growth inhibition. This is consistent with our
observation that repeated attempts to co-crystallize myriapor-
one 3/4 with archaebacterial ribosomes (purified from
Haloarcula marismortui) in order to obtain highly detailed
structural information failed to reveal any interaction.
Nevertheless, it is obvious that the simpler structure of
myriaporone 3/4 (it lacks the ‘‘northern hemisphere’’ present
in the tedanolides) does not result in a promiscuous spectrum

of activity. The same insensitivity of prokaryotes to tedano-
lides is observed with myriaporone 3/4, suggesting that the
larger ring size of the tedanolide macrolides (two to six
carbons larger compared to prokaryotic antibiotics) is not the
basis for their eukaryotic specificity.11 It must rather reside in
the southern hemisphere.

In general, there exists a paucity of data in the literature
regarding the structure–activity relationships of tedanolides
and myriaporones. A lone previous report8 had identified
structural features of 13-deoxytedanolide that were key to its
biological activity. These included: the C8–C9 olefin in the
northern hemisphere, the reduction of which reduced anti-
proliferative activity over 700-fold; the hydrophobic end of the
side chain (C21–C22), the conversion of which to an aldehyde
abolished antiproliferative activity; and the C17 hydroxyl

Fig. 3 (a) Inhibition of in vivo protein synthesis by myriaporone 3/4. Endothelial cells were pre-treated with myriaporone 3/4 for 3 h, followed by
another 3 h in the continued presence of the drug plus 1mCi ml21 [14C]-leucine. Graph represents the averaged results of three independent
experiments (error bars represent the standard error of the means). (b) Dose–response of myriaporone 3/4 inhibition of protein synthesis. Graph
represents the averaged results of three independent experiments (error bars represent the standard error of the means).
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group in the southern hemisphere, the acetylation of which
reduced activity over 100-fold. Taken together, the authors
concluded that all three regions—the northern and southern
hemispheres, and the side chain—contribute meaningfully to
the activity of 13-deoxytedanolide. Since myriaporone 3/4
lacks a region analogous to the northern hemisphere of
tedanolides, our study cannot directly address its importance
for activity. Yet, it can be noted that 13-deoxytedanolide was
reported to inhibit P388 cells with an IC50 of 0.16 nM,7 while
our study shows that myriaporone 3/4 inhibits the same cell
line with an IC50 of 14.9 nM—a 100-fold difference in potency.
While this difference is less dramatic than would be anticipated
based on the earlier structure–activity report,8 it nonetheless
supports the notion that the northern hemisphere moderately
contributes to drug activity. On the other hand, a similar
comparison of our protein synthesis data (IC50 = 11.3 nM)
with that reported for 13-deoxytedanolide (IC50 = 150 nM)11

at first suggests that myriaporone 3/4 is much more potent
than the larger macrolide at inhibiting translation. However,
this difference is more likely due to the use of a yeast system in
the previous study, whereas our study used mammalian cells.
As we have shown herein, yeast are not as sensitive to these
drugs as are mammalian cells.

Our results have now identified an independent set of
structural elements which are important for the activity of
myriaporone 3/4. The presence of the C14 hydroxymethyl
group is crucial for activity, as is the C18–C19 epoxide.
Removal of either of these functionalities greatly diminishes
activity anywhere from a few hundred-fold to nearly a
thousand-fold. This is the first demonstration of the impor-
tance of this epoxide for the activity of myriaporones (and
perhaps, by extension, the tedanolides). The epoxide result is
curious, in that epoxides commonly inactivate target proteins
irreversibly by formation of covalent adducts. However, the

Fig. 4 Chemical structures of the tedanolides, myriaporone 3/4, and the synthesized new analogs.
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rapidly reversible effect observed strongly argues in favor of
reversible binding of myriaporone 3/4 to its target protein.
Thus, in this instance, the epoxide provides an important
three-dimensional determinant that promotes drug activity
without the need for irreversible modification of the target.

Whether the interaction between myriaporone 3/4 is non-
covalent or reversibly-covalent is not clear and remains to be
conclusively determined.

Among the most obvious of consequences of dehydroxyla-
tion of the C14 hydroxymethyl group is that it prevents the
intramolecular re-arrangement of the molecule into the closed
ring structure of myriaporone 3, thereby permanently con-
straining HC-1-195 and HC-1-203 into the open structure of
myriaporone 4. This may support the notion that the closed
form of myriaporone 3/4 may be the more biologically active.
Regardless, the finding that both the C18–19 epoxide and the
C14 hydroxyl group are important for myriaporone 3/4
activity are very interesting in that neither structural determi-
nant has been shown to play a significant role in the activity of

Fig. 5 Activity of myriaporone 3/4 analogs to inhibit proliferation of mammalian cells: (a) endothelial cells, (b) P388 cells. Performed as in
Fig. 1(a). Graphs represent the averaged results of three independent experiments (error bars represent the standard error of the means).

Table 1 IC 50 values of myriaporone 3/4 analogs at cultured
mammalian cells

Drug Endothelial cells P388 cells

Myriaporone 3/4 17.2 nM ¡ 1.1 nM 14.9 ¡ 3.6 nM
MR-1-94 8.4 ¡ 1.2 mM 14.4 ¡ 1.1 mM
HC-1-195 6.2¡ 2.3 mM 3.8 ¡ 1.3 mM
HC-1-203 .100mM .100mM
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