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PREFERENTIAL INCORPORATION
OF TUNICAMYCIN, AN
ANTIVIRAL ANTIBIOTIC

CONTAINING GLUGOSAMINE,
INTO THE CELL MEMBRANES

Sir:
Tunicamycin {tunica means coat) is an

antiviral, glucosamine-containing antibiotic^which inhibits the incorporation of sugars
into cell membranes and acid-insoluble
products2). Some aminosugar derivatives
were found to reverse the antiviral activity
of tunicamycin against Newcastle disease
virus (NDV)3). The biosynthesis of neur-
aminidase and hemagglutinin, glycoproteins,

was preferentially inhibited by the antibiotic
at low drug dosages in comparison with that
of other virus components such as capsid,
RNA-dependent RNApolymerase and NDV-
RNA (unpublished observations). Such
observations suggest that tunicamycin is
incorporated into cellular or viral macro-
molecular fractions as an analogue of amino-
sugars or sugar-containing precursors. We
have investigated the incorporation of
tunicamycin into cellular components using
isotopically labeled antibiotic.

Tritiated tunicamycin was obtained from
Dai-Ichi Chemicals, Tokyo. Monodispersed
cells were prepared by treatment of 9- to
ll-day-old chick embryos with 0.25 w/v %
trypsin.

Monodispersed cells in supplemented Gey's
salt solution were incubated in the presence
of 3H-tunicamycin at 37°C. Sample portions
(1.0ml) were withdrawn at regular time
intervals. Cells were collected by centrifu-
gation, washed, and broken by freezing-
and-thawing. Membrane fractions were

collected by centrifugation and washed. The
supernatants and the washes were combined,
made 5 % with trichloroacetic acid (TCA),
and the precipitates were collected on
membrane filters (cytoplasmic fraction).
Radioactivity in both fractions was counted.
Time course of the incorporation of 3H-
tunicamycin into the membrane and the
cytoplasmic fractions is shown in Fig. 1.
Radioactivity in both fractions increased
linearly for the first 8 hours at least.

Tunicamycin was incorporated preferentially

into the membrane fraction, and the radio-
activity in the membrane fraction was 15-
times more than that in the cytoplasmic
fraction.

The result presented in Fig. 1 suggests
specific incorporation of tunicamycin into

the cell membranes. To investigate whether
the antibiotic found in the membranefrac-
tion is simply bound to or metabolically
incorporated into the cell membranes, cells
were treated with 0.1% trypsin or 10~2M
ethylenediaminetetraacetic acid (EDTA) at
37°C for 10 minutes after the incubation
with 3H-tunicamycin. Such treatment re-
leased little 3H-tunicamycin from the cell
membranes (Fig. 2). The treatment with
trypsin after 1-hour period of incubation

solubilized about 50 % of the radioactivity
in the membranefraction, but the ratio of

Fig. 1. Incorporation of 3H-tunicamycin into
the membrane and cytoplasmic fractions

Twenty milliliters of monodispersed chick embryo
fibroblasts (ca. 5xlO6 cells/ml) in the Gey's salt
solution supplemented with lactalbumin hydro-
lysate, yeast extract and calf serum2) were incu-

bated at 37°C with occasional stirring in the presence
of 5fig/ml 3H-tunicamycin. Sample portions (2.0

ml) were withdrawn at regular time intervals and
chilled in an ice-water bath. Cells were collected
by centrifugation (1,500xg-. 15 minutes), washed
thoroughly with phosphate-buffered (0. 05 m, pH 7. 3)
physiological saline, and broken by freezing-and-
thawing five times in a dry ice-acetone bath. Mem-

brane fractions were collected by centrifugation
and washed with 1.0ml cold buffered saline two
times. The supernatants and the washes of the

broken cells were combined, made 5% with cold
TCA, and precipitates (cytoplasmic fraction) were
collected on membrane filters (pore size 0.45mpt ;
Millipore Corp.). Radioactivity retained on the
filters was counted in 10ml scintillation liquid2),

and the radioactivity at 0 hour was subtracted from
that of each sample.
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Fig. 2. Effect of treatment with trypsin or
EDTAon 3H-tunicamycin incorporated

into the cell membranes
Fourty milliliters of cell suspension in the supple-
mented Gey's salt solution (ca. 5xlO6 cells/ml) were
incubated in the presence of 5 fig/ml 3H-tunicamycin
at 37°C with occasional stirring. At designated time
intervals, 5.Oml sample portions were withdrawn
and chilled in melting ice. Cells were collected and
washed as described in the legend to Fig. 1. The
washed cells were resuspended in 3.0ml of the
buffered saline and divided evenly into three por-
tions. Two were treated with 0.1% trypsin or 10~2
m EDTA at 37°C for 10minutes, and the other
served as control. The treated cells were collected
by centrifugation, washed thoroughly, and sus-
pended in 2.0ml of the buffered saline. The cells
were broken by freezing-and-thawing and filtered
through membrane filters. The cell membranes
retainedonthe filters were washed with cold 0.1n
KOH containing 0.8% NaCl. Radioactivity in the
mebrane fractions was counted.

Fig. 3. Effect of N-acetyl-D-glucosamine on
the incorporation of 3H-tunicamycin into
the cell membranes

Sixty milliliters of cell suspension (ca. 5x 106 cells/
ml) were divided into equal four portions. Specified
concentrations of N-acetyl-D-glucosamine were
added to three, and the other served as control.

Two milliliters of sample portions were withdrawn
at designated time intervals and radioactivity in

the membrane fractions was counted as described
in the legend to Fig. 2.

the solubilized radioactivity decreased as the
time of incubation increased.

The antiviral activity of tunicamycin was
found to be partially reversed by some
aminosugar derivatives^. If the antiviral
activity is attributable to altered syn-
thesis of the cell membranes caused by
the incorporation of tunicamycin into the
cell membranes, aminosugar derivatives
which effectively reverse the antiviral acti-

vity of tunicamycin may interfere with the
incorporation of the antibiotic into the cell
membranes. As shown in Fig. 3, N-acetyl-
glucosamine, one of the effective amino-
sugars, decreased the incorporation of 3H-

tunicamycin into the membranefraction.
The result of the treatment with trypsin

or EDTAoppose the possibility of simple
binding of tunicamycin to the cell mem-
branes as observed with macromomycin,

which is reversibly bound to the cell mem-
branes4'. The observations that tunicamycin
was preferentially incorporated into the cell
membranes and N-acetylglucosamine inter-
fered with the incorporation are consistent
with the assumption that tunicamycin is
incorporated into the cell membranesinstead
of sugars or precursors of sugar-containing
cellular components and alters membrane
synthesis. Altered membranes synthesized
in the presence of tunicamycin may be the
cause of the antiviral activity of the anti-
biotic and the different behavior of the cells
grown in the presence of the antibiotic to
phytohemagglutinin. Morphological changes
of microbial cells induced by tunicamycin5)
may also be caused by a similar action
mechanism of the antibiotic. The cell
envelope of mammalian and microbial cells
has attracted interest lately and evidence is
accumulating that the cell envelope plays
an important role in virus multiplication6*7*8)
and cell division including malignant trans-
formation9'10'n>12). Tunicamycin is one of

the rare inhibitors of membrane synthesis
and might become a useful tool for study
of the synthesis and function of mammalian
and microbial cell envelope.
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The details of this study will be reported
elsewhere.
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