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of a complex between the lithium reagent and ketone, through
which further reactions should take place, was the only fate of
the present reactions. The X-ray and NMR studies evidently
provide the first structural characterization of the intermediate
adduct of the lithium reagent and ketones.'®
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The surface lectin of the influenza virus, hemagglutinin, binds
to terminal a-glycosides of N-acetylneuraminic acid (NeuAc) on
cell-surface glycoproteins and glycolipids.! Viral binding to cells
expressing terminal NeuAc residues can be inhibited by a-O-
glycosides of NeuAc (O-sialosides).>> Recently, dramatic en-
hancements in the inhibition of viral adhesion to erythrocytes have
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Table I. Hemagglutination Inhibition (HAI) and Plaque Reduction
Assays of Liposome Preparations I-VI

plaque reduction
[3]. reduction,?

entry inhibitor HAI’ [3].M mM %
I liposome I (0%, 3) 0 (-) 0.000 0
2 liposome IT (1%, 3) 4.0 X 10 (-) 0.003 96
3 liposome ITI (5%, 3) 5.7 X 1077 (+) 0.016 97
4 liposome IV (10%, 3) 3.3 X 1077 (+) 0.030 46
5 liposome V (30%, 3) 8.0 X 107 (=) 3.750 0
6 liposome VI (60%,3) 1.5 X 107 (-) 7.500 0

9 A (+) indicates complete inhibition while a (=) indicates that no
inhibition was observed at the given concentrations of 3. ®The values
represent the percent reduction in the number of plaques per well due
to viral lysis of infected cells.

been achieved using synthetic polyvalent sialosides.®”® The in-
hibitory potencies of these polyvalent materials approach those
of the most potent naturally occurring hemagglutination inhibitors,
equine and guinea pig a,-macroglobulins.*® Despite intensive
efforts in designing polyvalent sialosides to inhibit hem-
agglutination, no evidence exists that these synthetic O-sialoside
materials can be used to arrest viral infectivity.? In this com-
munication, we report that polymerized liposomes containing
a-C-glycosides of sialic acid are potent inhibitors of influenza virus
in vitro infectivity. Qur results also indicate that the capacity to
inhibit hemagglutination does not necessarily reflect the capacity
to inhibit in vitro infectivity.
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Sialoside lipid 3 was synthesized from 2a,!° and mixed lipo-
somes'! composed of compounds 3 and 4 were prepared using a
modified probe sonication method.!? The liposome preparations
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were polymerized by irradiation at 254 nm. Transmission electron
microscopy of the liposomes revealed ellipsoid structures averaging
on the order of 40 nm in length and 15 nm in width. The indicated
percentage of sialoside presented at the liposome surface (0%, 1%,
5%, 10%. 30%, or 60%) represents the mole percentage of lipid
monomer 3 used in the liposome preparation.

Liposome preparations I-VI were tested for binding to influenza
virus using a standard hemagglutination inhibition (HAI) assay
(Table I).* To achieve 50% inhibition of viral binding, the
a-O-methyl glycoside of sialic acid (compound 1) required a
concentration of 2 mM3 and compound 2b required a concentration
of 10 mM.? In sharp contrast, liposome preparations III and IV
(5% and 10% of sialoside 3) required as little as 5.7 X 1077 and
3.3 X 1077 M concentrations of the sialoside to achieve complete
inhibition of agglutination. This represents an increase in potency
of approximately 30000 times over the corresponding monovalent
sialic acid derivatives, making it one of the most potent synthetic
inhibitors of hemagglutination reported to date. Interestingly,
as the percentage of sialoside 3 is increased from 10% to 30% and
60%. inhibition of hemagglutination is no longer observed at these
higher concentrations (compare entry 4 to entries 5 and 6).
Liposome preparation II (entry 2), which contains only 1% of
sialoside 3, also showed no inhibition of hemagglutination. A
similar trend in which high and low percentages of sialoside
diminish the capacity of polyvalent materials to inhibit hem-
agglutination has been observed in sialoside polymers.5-!3

We next tested the capability of liposome preparations I-VI
to prevent infectivity in cell culture using Madin-Darby canine
kidney (MDCK) cells in a standard plaque reduction assay (Table
I).!* To our surprise, liposome preparation II (1% sialoside 3,
entry 2) strongly inhibited viral infectivity (96% inhibition at a
concentration of only 3 uM sialoside lipid) even though this li-
posome preparation did not inhibit hemagglutination. In contrast,
liposome preparation IV (10% sialoside 3, entry 4), which showed
potent inhibition of hemagglutination, demonstrated only a modest
capability to inhibit infectivity (46% inhibition at a concentration
of 30 uM sialoside 3). Liposome preparation III (5% sialoside
3, entry 3), which has plaque reduction activity equivalent to
liposome preparation II, was also a potent inhibitor of hem-
agglutination. Liposome preparations I (0% sialoside 3), V (30%
sialoside 3), and VI (60% sialoside 3) showed no inhibition of
plaque formation and no inhibition of agglutination. Our data
indicate that synthetic sialosides which are poor inhibitors of
hemagglutination (e.g., liposome preparation II, entry 2) can stop
infectivity, while strong inhibitors of hemagglutination (e.g., li-
posome preparation IV, entry 4) may not effectively stop infec-
tivity. The relationship between inhibiting viral binding to the
erythrocyte cell surface and the capacity to prevent infectivity is
currently under further investigation.

In summary, we have synthesized a polymerizable sialoside lipid
3 and formed mixed liposome preparations that are potent in-
hibitors of influenza virus in vitro infectivity. We have also shown
that the capacity of a sialoside to inhibit hemagglutination does
not necessarily reflect its capacity to inhibit infectivity. Polym-
erized liposome preparations should serve as important models
for understanding pathogen—cell interactions and for developing
therapeutic agents based on multivalent carbohydrate structures.
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Human intoxication resulting from ingestion of the red alga
Polycavernosa tsudai (formerly Gracilaria edulis) occurred in
Guam in late April, 1991.! Thirteen people became ill, three of
whom died. As the alga had been eaten widely with no previous
record of potential risk, identification of the toxin was imperative.
In this communication, we report the isolation of two toxins,
polycavernoside A (1) and B (2). and the planar structure of 1,
which is a novel macrolide disaccharide.

P. tsudai (2.6 kg) was collected on June 4, 1991, at Tanguisson
Beach, Guam, where the causative alga had previously been
collected. Toxins were extracted from the alga with acetone, freed
of polar contaminants by partition between water and CH,Cl,,
and purified by column chromatography,? guided by mouse
bioassays. Both 1 (400 ug, recovery 14%) and 2 (200 pg, recovery
7%) were obtained as colorless solids: LDgg in mice (ip) was
200-400 ug/kg for both. 'H-'H COSY spectra of 1 and 2
suggested their structural similarity, but further analysis of 2 was
hampered by sample size. [1: UV_,, (MeCN) 259 (e 25000),
270 (32000), 280 (26 000) nm; IR (film) 1630, 1730, 1738 cm™";
HR-FABMS [M + Na]t m/z 847.4483 (caled for
[C43HggO,sNa]* m/z 847.4455).] Partial structures H2-HS,
H11-H13, H15-H23,28, HI’-H¥', and H1”-H6"” were deduced
from detailed analyses of 'H-'H COSY and 2D HOHAHA
spectra.’ The conjugated triene (H16-H21) was also supported
by the UV maxima; the 3Jy;; value (15 Hz) determined by the
2D J spectrum pointed to EE.E geometry.

The 13C NMR spectrum (CD,CN) confirmed the presence of
a ketone (8 207.4) and an ester (8§ 172.1) suggested by the IR
bands. A '3C decoupled HMQC spectrum led to assignments of
all 'H and 3C signals except those of two quaternary carbons,
C10 (6 103.9) and C14 (5 40.5). HMBC spectra’ clarified the
connectivities around quaternary and carbonyl carbons by giving
cross peaks due to 23/ between C1/H2a, C1/H15, C9/H8a,
C10/H12a, C10/H12b, C10/Me25, C13/Me26, C13/Me27,
C14/H15, C14/Me26, C14/Me27, C15/Me26, C15/Me27,
C26/Me27, and C27/Me26. The structural features around C14
were supported by NOEs (NOESY 270 MHz, ROESY 400
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