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Communications to the Editor

Isolation and Structure of the Cell Growth
Inhibitory Constituents from the Western Pacific
Marine Sponge Axinella sp.!*

While isolation of alkaloids from marine Porifera has
been accelerating,? only a small number of antineoplastic®
or peptide®* constituents have been recovered from these
invertebrates. Our isolation and structural determination
of the P388 lymphocytic leukemia (PS system)® cell growth
inhibitory cyclooctapeptide hymenistatin 14 from a Palau
sponge in the genus Hymeniacidon represented the first
such combination of source, structural type, and biological
activity. We have also found an Axinella sp. (Demos-
pongiae class) collected (in 1979) in Palau (at -40 m) to
yield a methylene chloride-2-propanol extract that pro-
vided a 101% increase in life span (at 100 mg/kg) against
the PS leukemia® with EDyy 2.5 pg/mL in the corre-
sponding cell line.

In 1985 the sponge was recollected (Palau) and preserved
in 2-propanol. A 220-kg (wet weight) portion was extracted
with methylene chloride-methanol. By means of PS
guided bioassay and a series of detailed®* solvent partition,
gel permeation (and gel partition, Sephadex LH-20),
partition (silica gel including reversed phase), and ad-
sorption column chromatographic techniques, a series of
structurally diverse antineoplastic constituents were de-
tected in this very productive sponge. We now report that
the most potent in vivo components were established® as
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the polyether macrolides, homohalichondrin B (1, 900 ug,
4.1 X 108% yield, PS T/C 285 at 150 ug/kg) and hali-
chondrin B (2, 400 ug, 1.8 X 108% yield, PS T/C 238 at
25 ug/kg), heretofore found in trace amounts in one dif-
ficultly accessible Japanese sponge.™® A new PS inhibitory
(EDg, 0.21 pg/mL) peptide (3, 100 mg, 4.54 X 10°% yield)
designated axinastatin 1 was also isolated, accompanied
by axinohydantoin? (30 mg) and hymenialdisine® (0.53 mg).
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Axinastatin 1 (3) crystallized from methylene chloride:
mp 283-7 °C dec; [a]?p -161.6° (¢ 0.099, CH;OH); TLC
(R;0.18 in 95:5 CH,Cl,/MeOH); UV (CH;0H) A, 208 nm
(e 18000); IR (NaCl plate), vy,, 3320, 2960, 1640, 1520,
1465, 1430 cm™; high-resolution FAB MS 753.4293 [M +
H]*, theoretical mass for [M + H]* of CaHzsNgOg requires
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753.4299; amino acid analyses Asp, (or Asn), Phe, Pro, and
Val in the ratio 1:1:2:3. The molecular formula for axin-
astatin 1 (3) was deduced from high-field (400 MHz) 'H
and 3C NMR studies (see Table I of the supplementary
material) in conjunction with the high-resolution FAB MS
peak matching experiments just noted. Combined 'H, 'H
COSY, 'H, ¥C COSY, 'H, H relayed COSY,** HMBC,®
and NOESY experiments confirmed the amino acid se-
quence and cyclic structure 3. The amino acid components
and sequence of axinastatin 1 were confirmed as cyclo-
(Asn-Pro-Phe-Val-Val-Pro-Val) by tandem (MS/MS) mass
spectrometry.!

Protonation upon FAB results in ring opening of the
cyclic peptide at an N-acyl bond to give a linear acylium
ion.!® The major fragmentation processes observed by
tandem mass spectrometry involve losses of amino acid
residues from the C terminus. Protonation is favored at
proline, and with axinastatin 1 there are two possibilities.
The FAB MS/MS spectrum of the [M + H] species con-
tains two series (A and B) of ions resulting from proton-
ation at the two proline units. All of the ions in both series

197 311 408 555 654
Pro—Va| ~—+—Asn—t+—Pro ——Phe —+—Val ——Val
A
245 344 443 540 639
Pro—Phe —+—Val ‘{—Val —-—Pro—}—Val——Asn
B

were observed. Additional supporting information for the
sequence was obtained by MS/MS experiments on
source-produced fragment ions to confirm the interrela-
tionship of the fragment ions and by exact mass mea-
surements on the fragment ions to verify elemental com-
position and correct assignment.

The absolute configuration of cycloheptapeptide 3 was
ascertained by analyzing the acid hydrolysate N-penta-
fluoropropionyl-isopropyl ester! derivatives using chiral
GC (Chirasil-Val III column). Each amino acid was found
to have the L configuration. The disproportionatly high
representation of L-Pro and L-Val in axinastatin 1 (3) and
other strongly antineoplastic peptides we have discovered
in marine animals suggests that the presence of these am-
ino acids may be an important structural requirement for
controlling cell growth in peptide mediated systems.

The halichondrins proved to be remarkably potent
against all of the 60 cell lines in the U.S. NCI's human
tumor cell line in vitro screen,!! yet with sufficient dif-
ferences in relative sensitivity among the lines to yield a
distinctive mean graph'? profile. For halichondrin B and
homohalichondrin B, the log molar GIg's for each line
ranged from -8.10 to -9.70 and -8.05 to -10.08, respec-
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tively. The mean log molar GIg’s were -8.95 and -8.99
for halichondrin B and homohalichondrin B, respectively.
The characteristic mean graph “fingerprints” of the hali-
chondrins were very similar; an analysis by the COMPARE
pattern-recognition algorithm!?® showed their mean graph
profiles to be most highly correlated to those produced by
structurally unrelated, tubulin-binding standard agents!!
such as vincristine and taxol.

Discovery of the halichondrins in an Axinella sp., a
sponge unrelated to their original source,” suggests that
these exceptionally active!* Porifera constituents may have
a microorganism source. Either by exogenous and/or en-
dogenous biosynthetic processes the marine porifera con-
tinue to be an especially fruitful source of potentially useful
antineoplastic substances of novel structure.
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Novel Binding Mode of Highly Potent
HIV-Proteinase Inhibitors Incorporating the
(R)-Hydroxyethylamine Isostere

The recent communication from Professor Rich and his
colleagues! describing their model of the binding of a hy-
droxyethylamine containing inhibitor (Ro 31-8959, com-
pound 6, Table I) to the active site of HIV-1 proteinase
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