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An in vitro cytotoxicity microassay for the measurement of nanogram
quantities of Pseudomonas aeruginosa exotoxin and Vibrio cholerae enterotoxin
is described.

An in vitro microassay for lymphotoxin using
mouse L-929 fibroblasts (L cells) grown in wells
of microculture plates has recently been de-
scribed (5). Test material is added to the
culture medium, and cytotoxic activity is mea-
sured as the reduction in incorporation of
[methyl-3Hlthymidine by target cells. Because
this assay is sensitive and versatile, and because
it requires a minimal amount of time and
materials, we thought it might prove useful in
studying other naturally occurring toxins known
to have cytotoxic properties. Our study illus-
trates the use of this microassay procedure in
measuring cytotoxic activity of two bacterial
protein exotoxins: Pseudomonas aeruginosa
exotoxin (PE), which has been shown to be toxic
for cultivated Vero cells (6); and Vibrio cholerae
enterotoxin (CE), which has been shown to be
cytotoxic for mouse spleen cells (7) and adrenal
cells (4).
The purified cholera toxin (a gift from Ste-

phen H. Richardson, Bowman Gray School of
Medicine, Winston-Salem, N.C.) had a specific
activity of 7,000 to 10,000 blueing doses per ,ug of
protein, as measured by the skin permeability
bioassay in rabbits (3), and contained 440 ,g of
Lowry protein per ml. PE, purified as described
previously (2), contained 350 ,g of Lowry pro-
tein per ml and had a mean lethal dose of 4 sg
when assayed in mice weighing 20 + 2 g.
The microassay has been described in detail

elsewhere (5). For comparative purposes, both L
cells and HeLa cells were used as target cells in
this experiment. Approximately 1,000 HeLa
cells or L cells, in 50 Aliters of RPMI 1640 plus
supplements (5), was dispensed into each well
of several microculture plates. Fifty microliters
of twofold serial dilutions of each toxin prepara-
tion was subsequently added to the microcul-
tures. Each dilution was dispensed into tripli-
cate cultures. An equivalent amount of medium

was dispensed into three microcultures to serve
as controls for normal cell growth. Cultures were
incubated for 4 days. Twenty-four hours prior to
harvesting, 20 ,liters of medium containing 1
,uCi of [methyl-3H]thymidine (specific activity
1.9 Ci/mmol) was added to each microculture.
Target cells were harvested from microculture
wells onto glass-fiber filter disks using the
multiple automated sample harvester (1). Mean
counts per minute of triplicate cultures were
converted into percent inhibition using the
formula:

% Inhibition =
mean counts per minute

100 - of toxin wells x 100
mean counts per minute

of control wells

The sensitivity of the microassay in measur-
ing PE and CE activity for HeLa cells and L
cells is shown in Fig. 1. A 50% inhibition of L
cell growth required only 1 ng ofPE and 81.5 ng
of CE. In contrast, 50% inhibition of HeLa cell
growth required 145 ng ofPE and 352 ng of CE.
Microscope observations of microcultures

showing 99% inhibition of [methyl3Hjthymidine
incorporation revealed that virtually all target
cells were destroyed. Complete destruction of L
cells required 27 ng of PE and 4,400 ng of CE.
Thus, both complete destruction and 50% inhi-
bition of target cell growth were more sensitive
to PE than CE, and L cells were far more sensi-
tive to both PE and CE than HeLa cells. In con-
trast to these results, Escherichia coli endo-
toxin (Difco Laboratories, Detroit, Mich.) has
been found not to affect the growth of L cells at
concentrations of 10 jg per microculture.
These results demonstrate that the microas-
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FIG. 1. Inhibition of L cell and HeLa cell growth
by dilutions ofPseudomonas and Cholera toxin. Mean
counts per minute (+ standard error) for control
microcultures were: (A) 31,060 a 1,167; (B) 34,409 +
1,106; (C) 24,512 + 1,755; and (D) 21,951 + 1,088. The
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say is sensitive and requires small amounts of
materials, and that large numbers of assays can
readily be performed. Only a few minutes are
required to harvest a microculture plate using
the multiple automated sample harvester. As
many as 30 microculture plates have been
assayed at one time in this laboratory. The
procedure should be adaptable to different
target cells, radioactive labels, and incubation
periods, and should prove useful in evaluating
the effectiveness of antisera and chemicals in
blocking toxic activity of various toxins.

This research was supported by the Bureau of Medicine
and Surgery Work Unit no. MR041.02.01.0025A2JC and MR-
000.01.01.1079.

LITERATURE CITED

1. Ahmed, A., G. B. Thurman, W. E. Vannier, K. W. Sell,
and D. M. Strong. 1973. Cytotoxicity inhibition studies
using 3M KCl solubilized murine histocompatibility
antigens and a new multiple automated sample har-
vester. J. Immunol. Methods 3:1-16.

2. Callahan, L. T., III. 1974. Purification and characteriza-
tion of Pseudomonas aeruginosa exotoxin. Infect. Immu-
nity 9:113-118.

3. Craig, J. P. 1966. Preparation of vascular permeability
factor of Vibrio cholerae. J. Bacteriol. 92:793-795.

4. Danta, S. T., M. King, and K. Sloper. 1973. Induction of
steroidogenesis in tissue culture by cholera enterotoxin.
Nature N. Biol. 243:246.

5. Knudsen, R. C., A. Ahmed, and K. W. Sell. 1974. An in
vitro microassay for Lymphotoxin using microculture
plates and the multiple automated sample harvester. J.
Immunol. Methods 5:55-64.

6. Pavlovskis, 0. R., and F. B. Gordon. 1972. Pseudomonas
aeruginosa exotoxin: Effect on cell cultures. J. Infect.
Dis. 125:631-636.

7. Sultzer, B. B., and J. P. Craig. 1973. Cholera toxin inhibits
macromolecular synthesis in mouse spleen cells. Nature
N. Biol. 244:178-180.

mean inhibitory dose = dilution which inhibits target
cell growth by 50%
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