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A conjugate of Pseudomonas exotoxin and epidermal growth factor (PE-EGF) inhibits proteins synthesis in
KB cells, and this inhibition is increased by adenovirus. Protein synthesis inhibiton is dependent on the amount
of adenovirus and PE-EGF used and the time of incubation of cells with these agents. With 1 ,ug of adenovirus
and 0.5 ,ug of PE-EGF per ml, protein synthesis is inhibited about 80% in a 60-min experiment. Under these
conditions neither adenovirus nor PE-EGF alone has any effect. In the presence of several weak bases or

monensin, the enhancement of toxicity was substantially inhibited; half-maximal inhibiton was achieved with
40 ,iM chloroquine, 10 mM ammonium chloride, 5 mM methylamine, 0.1 mM N-hexylamine and 1 jiM
monensin. At the concentrations employed, none of the inhibitors affected the amount of virus taken up or

bound to the cell surface, and chloroquine had no effect on the amount of EGF taken up in 60 min. Chloroquine
did not prevent the toxicity of the PE-EGF (5 ,ig/ml) alone. Because these compounds are known to elevate the
pH in receptosomes, it seems likely that the acidification of the receptosome either enhances the lysis of the
membrane by adenovirus or enhances some other step in the release of PE-EGF.

Many hormones, viruses, and toxins are internalized by a
process termed receptor-mediated endocytosis (for review,
see references 7 and 19). The process involves binding of
ligands to specific receptors on the cell surface, the accumu-
lation or clustering of ligand-receptor complexes in coated
pits on the cell surface, and the subsequent internalization
and transfer of the ligands from coated pits to a specialized
organelle which we have termed a receptosome (22) and
which has also been termed an endosome (15).

Recently, we have compared the organelles involved in
the entry into KB cells of human adenovirus (type 2) with
those involved in epidermal growth factor (EGF) entry or the
entry of a hybrid toxin of Pseudomonas exotoxin (PE) and
EGF. It was shown that adenovirus, EGF, and PE-EGF
entered the cells through the same coated pits and recepto-
somes. It was also shown that adenovirus (1 p.g/ml) was able
to protentiate the ability of PE-EGF to inhibit protein
synthesis of the host cells (5). This appeared to occur
because some of the adenovirus particles and PE-EGF
molecules were internalized in the same receptosomes.
When adenovirus disrupted the membrane of the recepto-
somes, PE-EGF was released into the cytoplasm in greater
amounts than would have occurred in the absence of virus.
One characteristic feature of receptosomes is that they are

acidic vesicles with a pH less than 5 (16). We report here
studies designed to examine whether the acidic environment
of this vesicle plays any role in adenovirus disruption of
receptosomes. To do this we have assayed for adenovirus-
mediated enhancement of PE-EGF toxicity in the presence
of several compounds known to elevate the pH of recepto-
somes (16).

* MATERIALS AND METHODS

Cells. KB cells (American Type Culture Collection, CCL-
17) were grown as monolayers in Dulbecco modified Eagle

* Corresponding author.
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medium (DMEM) supplemented with 10% calf serum, peni-
cillin, and streptomycin.

Virus. Adenovirus type 2 was purified by the procedures
described previously (8). KB cells grown in suspension were
used for propagation of virus. Purified adenovirus was
stored in Tris-saline-30% glycerol solution at -70°C.
PE-EGF. PE-EGF hybrid toxin was constructed by a

disulfide exchange reaction as described previously (5).
Assay for enhancement of PE-EGF toxicity by adenovirus.

KB cells were planted at 5 x 105 cells per 35-mm dish and
used 24 h later at 80 to 90% confluency. The cells were
washed twice with DMEM containing 2 mg of bovine serum
albumin per ml, and then 1.5 ml of fresh medium was added
containing either adenovirus (0.1 to 10 p.g/ml) or PE-EGF
(0.01 to 0.5 FLg/ml) or both. A suspension of adenovirus at a
concentration of 0.1 p.g/ml contained, on the average, 9 x
102 particles per cell. Incubations were done at 37°C for 1 h
unless otherwise specified. At the end of the incubation, the
medium was removed and replaced with 2 ml of DMEM-
[3HJleucine (2 to 5 jiCi/ml) for another 45 min. The monolay-
ers were rinsed with phosphate-buffered saline (PBS), solu-
bilized by the addition of 1 ml of 0.1 N NaOH, and
transferred into tubes. Proteins were precipitated by addi-
tion of 2.5 ml of 12.5% trichloroacetic acid. The level of
protein synthesis was determined by the number of counts
per minute in trichloroacetic acid-insoluble material from
each dish. Experiments were done in duplicate dishes, and
the counts were averaged. Variation between dishes was
always less than 5% of the mean value.

Effect of weak bases and monensin. Chloroquine, NH4Cl,
methylamine, N-hexylamine, and monensin were dissolved
in PBS, and the pH was adjusted to 7.0. To study the effect
of weak bases on the potentiation of PE-EGF toxicity by
adenovirus, cells were pretreated with the respective drug
for 15 min at the concentration required. Adenovirus and
PE-EGF were added to the cells in the presence or absence
of the drugs, and the cells were incubated at 37°C for 45 min.
At the end of this period, the cells were washed, [3H]leucine
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was added for 30 min, and the level of protein synthesis was
determined as described above.

Preparation of 35S-labeled virus. 35S-labeled adenovirus
was produced in KB cells by a procedure decribed earlier
(20), with slight modifications. KB cells were seeded as
monolayers 12 to 18 h before infection with human adenovi-
rus type 2. To 5 x 106 cells in a 75-cm tissue culture flask
were added 6 ,ug (protein) of virus (7.2 x 103 particles per
cell) in DMEM, penicillin, streptomycin, and 2 mg of bovine
serum albumin per ml. The virus suspension was passed
through a 0.45-,um filter before the start of the infection. The
infection proceeded uninterrupted for 15 h, after which time
the medium was removed and replaced by fresh medium
containing methionine-free DMEM, 1% calf serum, and 5 mCi
of [35S]methionine for a further period of 16 h. Cells were
removed from the plastic surface by virgorous pipetting. The
cell suspension was centrifuged at 2,000 x g for 5 min,
washed, and recentrifuged three times. The cell pellet was
suspended in 0.5 ml of PBS and sonicated for 5 min at 4°C.
Cell extracts were centrifuged at 15,000 x g for 15 min. The
supernatants were collected and centrifuged (50,000 x g for
1 h) into 0.8 ml of 50% glycerol over 0.5 ml of 80% sucrose.
The virus was collected at the interface between the glycerol
and sucrose and banded twice in CsCl gradients.

Binding and uptake of 35S-virus. To measure binding of
adenovirus to the cell surface, monolayers of KB cells grown
in 35-mm dishes were incubated with 35S-labeled adenovirus
(specific activity, 33,580 cpm/,lg of protein) at a concentra-
tion of 1 jig/ml (6 x 103 particles per cell) at 4°C. The volume
of the incubation mixture was 0.5 ml, and the cells were
rocked during the incubation. At the end of the incubation
period (usually 60 min), cells were washed five times with
PBS and treated with 1 ml of trypsin for 10 min at 37°C. Cells
were then collected and centrifuged at 2,000 x g for 5 min.
Supernatants were collected and counted, and the cell
pellets were dissolved in 1.0 ml of 0.1 N N4OH and counted.
In parallel experiments, the total amount of cell-associated
virus was determined by dissolving the washed untrypsin-
ized cells in 1 ml of 0.1 N NaOH added directly to the dishes.
Usually more than 80% of the total virus bound to the cell
surface was in a trypsin-releasable form.
To measure adenovirus uptake, cells were incubated with

35S-adenovirus as described in the above section except the
incubations were done at 37°C. At various times, the cells
were washed five times with PBS and treated with trypsin as
described above. The total amount of cell-associated virus,
the amount of virus bound to the cell surface, and the
amount within the cells were determined as described above.
Uptake of '251-EGF. EGF was iodinated by a publisher

procedure (2). The amount of EGF taken up by the cells and
bound to the cell surface was determined by the procedure
described earlier (9).
Mouse EGF was purchased from Bethesda Research

Laboratories (Gaithersburg, Md.). All chemicals were
bought from Sigma Chemical Co. (St. Louis, Mo.). 3H-
labeled leucine was purchased from New England Nuclear
Corp. (Boston, Mass.).

RESULTS
Minimum time required to study the effect of adenovirus on

enhancement of PE-EGF toxicity. It was previously shown
that readily detectable amounts of adenovirus are internal-
ized and appear in the cytosol in less than 30 min (5, 12).
Thus, if adenovirus is responsible for the release of PE-EGF
into the cytoplasm, one should be able to show that, after a
short incubation of KB cells with PE-EGF and adenovirus,

there will be a substantial reduction of protein synthesis of
the host cells. When the cells were treated with adenovirus
(1 jig/ml) and various concentrations of PE-EGF at 37°C for
30 min to 2 h, followed by a 45-min pulse of [3H]leucine, it
was found that protein synthesis of host cells was dimin-
ished. The degree of inhibition of protein synthesis increased
with the length of the incubation (Fig. 1A). Even after only a
30-min incubation of cells with adenovirus and PE-EGF,
there was a significant inhibition of protein synthesis (Fig.
1A). Using a shortened assay in which cells were incubated
with PE-EGF and adenovirus for 45 min, we next investigat-
ed the effect of increasing concentrations of virus at a fixed
concentration of PE-EGF (0.5 jig/ml). It was found that with
increasing amounts of adenovirus there was a corresponding
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FIG. 1. Inhibition of protein synthesis in KB cells by PE-EGF
and adenovirus. (A) KB cells were incubated with various concen-
trations of PE-EGF and a fixed concentration of adenovirus (1,ug/
ml). Incubations were done for either 2 h (0), 1 h (0), or 30 min (H)
in separate experiments. At the end of these periods, cells were
replaced with medium containing [3H]leucine (2,uCi/ml) for 45 min.
The level of protein synthesis was determined as described in the
text. The value obtained for controls which received PE-EGF alone
in a 2-h incubation experiment is represented by (A). In a 2-h
incubation experiment, 100% was 9,443 cpm; in a 1-h incubation
experiment, 100% was 9,311 cpm; and in the 30-min incubntion,
100%o was 7,762 cpm. (B) KB cells were incubated with various
concentrations of adenovirus and a fixed concentration of PE-EGF
(0.5,ug/ml). Controls did not receive PE-EGF. After the incubation
at 37°C for 1 h, medium was removed and replaced by medium
containing [3H]leucine (2,uCiml). After 45 min the level of protein
synthesis was determined as described in the text. $ymbols: (0)
adenovirus and PE-EGF, (0) control; 100% was 7,150 cpm.
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increase in the inhibition of protein synthesis of host cells
(Fig. 1B).

Effect of weak bases and monensin on the potentiation
activity of adenovirus. Several chemicals which are known to
raise the pH of intact receptosomes (16) were tested for their
effects on adenovirus-mediated enhancement of toxicity. If
the activity present in the virus functions better at low pH,
then one should be able to demonstrate that adenovirus does
not potentiate the toxic action ofPE-EGF to the same degree
in the presence of these drugs.
KB cells were pretreated for 15 min with various concen-

trations of chloroquine, NH4Cl, methylamine, N-hexyl-
amine, and monensin. Then the medium was removed and
replaced with fresh medium containing the inhibitors, adeno-
virus, and PE-EGF at various concentrations. The cells were
incubated at 37°C for 45 min, after which virus, PE-EGF,
and drugs were removed and protein synthesis was assayed
by adding [3H]leucine for 30 min.

Chloroquine, ammonium chloride, methylamine, and N-
hexylamine all decreased the ability of adenovirus to potenti-
ate the toxicity of PE-EGF (Fig. 2). This effect was depen-
dent on their concentrations. Under the conditions used,
half-maximal inhibition was achieved with 40 ,uM chloro-
quine, 10 mM ammonium chloride, 5 mM methylamine, 0.1
mM N-hexylamine, and 1 p.M monensin (data not shown).
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TABLE 1. Concentrations required for half-maximal effect on
adenovirus enhancement of PE-EGF toxicity and increase in 490-

nm fluorescence
PE-EGF Increase m 490-nm

Weak base toxicity: fluorescence:
C0.5' (M) CO5 b (M)

Chloroquine 0.4 x 10-4 1.4 x 10-4
NH4C1 1 x o-2 5 x 10-'
Methylamine 0.5 x 10-2 1 x 10-2
N-Hexylamine 1 x 10-4 1 x 10-2
Monensin 1 x 10-6 6 x 10-6

" Values were calculated from Fig. 2.
b From reference 16.

Maximum effect of these drugs occurred at 60 puM chloro-
quine, 40 mM NH4Cl, 10 mM methylamine, and 1 mM N-
hexylamine. The concentrations of drugs required to inhibit
the adenovirus effect are in the range found previously to
raise the pH of receptosomes to pH 7 (reference 16 and
Table 1), with the exception of N-hexylamine. One possible
explanation for this difference is the fact that the previous
experiments were performed in B3ALB/c 3T3 mouse fibro-
blasts for 1 to 10 min, whereas the experiments reported here
were performed with KB cells for 60 min (16).
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FIG. 2. Effect of weak bases on the inhibition of protein synthesis by adenovirus and PE-EGF. KB cells were incubated with the
appropriate concentration of chloroquine (A), NH4Cl (B), methylamine (C), and N-hexylamine (D) for 15 min at 37°C. Medium was removed
and replaced by medium containing adenovirus (1.0 p.g/ml) and PE-EGF (0.5 p.g/ml) with or without appropriate concentrations of the
respective weak base. The incubations were for 45 min at 37°C. The medium was removed, and [3H]leucine was added to the cells for 30 min.
The level of protein synthesis was determined as described in the text. Half-minimal values reported in Table 2 were obtained by calculating
the difference in the percent protein synthesis in the absence and presence of the drug giving maximum inhibition of enhancement. This
difference was divided by two, calculating the corresponding concentration of the drug. Symbols: (0) protein synthesis in the presence of
adenovirus, PE-EGF, and the respective drug at the concentrations shown; (0) level of protein synthesis in controls without adenovirus. In
these experiments 100% was 7,448 cpm for chloroquine, 4,082 cpm for NH4CI, 3,834 cpm for methylamine, and 3,345 cpm for hexylamine.
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FIG. 3. Uptake of 35S-labeled adenovirus by KB cells. KB cells

were incubated with 35S-labeled adenovirus (33,580 cpm/,ug of
protein) at 37°C as described in the text. At various time intervals,
cells were washed five times with PBS and treated with 1 ml of
trypsin at 37°C for 10 min to remove the surface-bound counts. After
trypsin treatment, the cells were centrifuged and the cell pellet was
dissolved in 1 ml of 0.1 N NaOH. In parallel experiments, the cells
were not treated with trypsin, but instead were dissolved in 1 ml of
0.1 N NaOH to determine the total amount of adenovirus both
bound and taken up by the cells. Symbols: (A) counts released by
trypsin; (0) counts taken up by the cells; (0) total counts bound to
the cell surface and taken up by the cells.

The above results show that chloroquine and other weak
bases decrease virus-mediated enhancement of toxicity, but
do not show which step is being inhibited. For example, the
effect of inhibitors could be at the level of binding of
adenovirus or PE-EGF, at the level of internalization, or at
the point of escape from the receptosome. To distinguish
among these possibilities, the following experiments were
performed.

Effect of chloroquine ahd other weak bases on virus uptake.
The uptake of adenovirus was studied by the procedure
described in Materials and Methods. The data show that the
uptake of adenovirus under the conditions of assay was
linear for 60 min (Fig. 3). Within a few minutes at 37°C, most
of the virus was in a form that could not be released by
trypsin, suggesting that it was inside the cells. The com-
pounds which were shown to inhibit the potentiating activity
of adenovirus were also tested for their effect on virus

TABLE 2. Effect of chloroquine and other weak bases on -5S_
adenovirus uptake"

35S-virus 'sS-virus
Addition (concn) uptake on cell

surface(cpm) (cpm)

None 957 394
Chloroquine (50 ,.M) 1.027 362
Chloroquine (100 l.LM) 1,012 428
NH4Cl (40 mM) 1,090 360
Methylamine (10 mM) 1,097 468
Hexylamine (1 mM) 1,057 442
" KB cells were incubated with 35S-labeled adenovirus (16, 202 cpm/pLg of

protein) at 37°C for 60 min. The concentration of adenovirus used was 1 ,ug/
ml, and the volume of incubating medium was 0.5 ml as described in the text.
The incubations were done in the absence and presence of the various
compounds listed in the table. At the end of the incubations the amount of 35S-
adenovirus bound to the cell surface and taken up by the cells was determined
by trypsin treatment methods as described in the text.

uptake of KB cells. Cells were incubated with 35S-labeled
virus in the presence and absence of the various compounds.
At the end of the incubation, the cells were washed, the
surface-bound adenovirus was removed by trypsin treatment
and counted, and the amount of virus internalized in the cells
was determined by counting the trypsinized cells after
dissolving them in 0.1 N NaOH. None of the inhibitors used
affected the amount of virus taken up by the cells or bound to
the cell surface at the concentration tested (Table 2).

Effect of chloroquine on the binding of adenovirus and PE-
EGF. To examine whether chloroquine could act after
adenovirus and PE-EGF were bound to KB cells, the cells
were exposed to adenovirus and PE-EGF for 30 min at 4°C.
At the end of this period, cells were washed twice with a
PBS-bovine serum albumin solution. Then the cells were
incubated at 37°C in the presence and absence of chloro-
quine (100 ,uM), and at the end of 1 h, protein synthesis was
measured. Figure 4 shows that 50 or 100 p.M chloroquine
was able to prevent the potentiating activity of adenovirus.
This result indicates that chloroquine probably acts after the
initial binding step.

Effect of chloroquine on EGF uptake. Since PE-EGF has
been shown to enter cells by the EFG receptors, we studied
the effect of chloroquine on the uptake of 1 5I-EGF itself. To
assess the effect of chloroquine on the uptake of EGF by KB
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FIG. 4. Effect of chloroquine on the inhibition of protein synthe-
sis by adenovirus and PE-EGF. Adenovirus (3 ,ug/ml) and PE-EGF
(1 ,ug/ml) were bound to cells at 4°C for 30 min. Cells were washed
three times with cold PBS-bovine serum albumin and incubated with
50 or 100 ,uM chloroquine at 37°C for 1 h. Medium was then replaced
by [3H]leucine (5 ,uCi/ml) and the cells were incubated for another 30
min at 37°C. (A) Protein synthesis in cells incubated with adenovirus
and PE-EGF; (B) protein synthesis in cells incubated with adenovi-
rus, PE-EGF, and 50 ,uM chloroquine; (C) protein synthesis in cells
incubated with adenovirus, PE-EGF, and 100 p.M chloroquine; (D
and E) 50 or 100 p.M chloroquine without adenovirus; (F) protein
synthesis in cells with no additions; 100% represents 7,375 cpm.
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cells, cells were incubated with 1251I-EGF (0.05 ,ug/ml; specif-
ic activity, 107 cpm/,ug) in the absence and presence of
chloroquine (100 ,uM) at 37°C. At each time interval, surface-
bound EGF and EGF taken up by the cells were determined
as described in Materials and Methods. In control cells the
amount of EGF taken up by the cells increased with time up

to about 30 min (Fig. 5). At 60 min the cell-associated EGF
fell, probably due to its degradation withirn lysosomes. The
rate of EGF uptake was unchanged in the presence of
chloroqtiine. However, the decline of EGF seen at the 60-
min point in control cells was prevented by chloroquine.
This is probably due to inhibition of EGF degradation (2). In
fact, lysosomotropic amihes have been shown to inhibit
mitogenesis induced by growth factors (10, 11).

Effect of chloroquine on the toxicity of PE-EGF alone. To
inhibit protein synthesis, PE-EGF must enter cells and
escape across a membrane to reach the cytosol where EF-2
is found. To examine whether chloroquine had an effect on
this process, cells were incubated with PE-EGF in the
absence of adenovirus. Usually assays with adenovirus
employ a PE-EGF concentration of 0.5 p.g/ml. At this
concentration PE-EGF by itself does not inhibit protein
synthesis in 2 h. Therefore, cells were exposed to 5 jig of PE-
EGF per ml, which by itself inhibits protein synthesis by
about 80% in 2 h. Chloroquine (100 ,uM) did not prevent the
ability of PE-EGF (5 ,ug/ml) to inhibit protein synthesis
(Table 3). This experiment rmakes it unlikely that chloro-
quine is acting on PE-EGF entry directly. Hence, we con-
clude that the effect of chloroquine is to prevent some

activity present in the virus that facilitates the release of PE-
EGF into the cytosol.

I:ffect of chloroquine on the enhancement of PE-EGF toxici-
ty by higher concentrations of adenovirus. For the results
presented above we usually used a single concentration of
adenovirus (1 ,ug/ml) to enhance the toxicity of PE-EGF.
Since we have used higher concentrations of adenovirus for
ultrastr'uctural studies (5), it was important to know whether
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FIG. 5. Effect of chloroquine on EGF uptake. KB cells were

incubated with I251-EGF in the absence and presence of chloroquine
(100 ,uM) as described in the text. At each time interval, the cells
were washed five times with PBS and treated with 0.6 ml of 0.5 N
NaCl in 0.2 N acetic acid. This wash was collected, and the cells on
the dish were dissolved in 1 ml of 0.1 N NaOH. Symbols: (0) counts
taken up by the control cells; (0) counts taken up by the chloro-
quine-treated cells.

TABLE 3. Effect of chloroquine on PE-EGF toxicity'

Addition (concn) Protein synthesis
Addition(concn) ~ ~ /c Of control)

PE-EGF ( ±g/ml) .............................. 22
PE-EGF (5 ,ug/ml) + chloroquine (100 ,uM) ....... 12
Chloroquine (100 p.M) .......................... 90

a Cells were incubated with PE-EGF or PE-EGF + chloroquine for 4 h at
37°C. The medium was then removed and replaced for a further 1 h by DMEM
containing 2 ,uCi of [3H]leucine per ml.

chloroquine also prevents the enhancement of PE-EGF by
higher concentrations of adenovirus. Cells were incubated
with various amounts of adenovirus, and a fixed concentra-
tion of PE-EGF (0.5 ,ug/ml) (Fig. 6). Experiments were done
both in the absence and presence of chloroquine (100 FiM).
Controls which received various concentrations of adenovi-
rus alone were also performed. The results (Fig. 6) show that
chloroquine at 100 puM reduced the adenovirus-dependent
inhibition of protein synthesis at all the concentrations of
adenovirus used up to 10 ,ug/ml. Thus the potentiating effect
of adenovirus could be decreased by chloroquine. Adenovi-
rus at 10 ,ug/ml or more inhibited protein synthesis by itself.
This toxic effect of adenovirus alone was not prevented by
chloroquine.

DISCUSSION
The results reported in this paper show that the agents

which raise the pH of endocytic vesicles decrease the ability
of adenovirus to potentiate the toxic action of PE-EGF.
None of the drugs tested blocked the cellular uptake of
adenovirus or PE-EGF. Thus, it is a step beyond the binding
and uptake of adenovirus and PE-EGF which is affected by
raising the pH of the vesicles. On the basis of these findings
it seems likely that the acidification of the receptosome
enhances either the lysis of the receptosome membrane by
adenovirus or some other step in the release of PE-EGF, and
a rise in pH inhibits this process. The rapidity of the
response (Fig. 1), the fact that UV treatment of the virus
does not diminish the effect (unpublished data), and the fact
that morphologically intact virus appears in the cytosol
suggest that one of the external proteins of the virus is
responsible for this effect. The three major external proteins
are those that make up the fiber, the penton base, and the
hexon (6).

Preliminary experiments using electron microscopy to
examine the release of intact virus into the cytosol have not
yet demonstrated a quantitative difference in release of virus
from receptosomes due to chloroquine treatment, using high
concentrations of virus. Because in these experiments indi-
vidual virus particles must be counted, such experiments
require large amounts of virus (10 ,ug/ml or greater). At high
virus concentrations the action of chloroquine is diminished
(Fig. 6). Nevertheless these preliminary results raise the
possibility that the inhibition of viral enhancement of toxici-
ty may not result from slowing of the lysis of receptosomes
by the virus. For example, viral escape may proceed at a
normal rate but the release of the toxin conjugate from the
EFG receptor may be interfered with by the higher pH of the
receptosome, or the inhibition may depend upon some other
effect of chloroquine. It is noteworthy that the effects of
chloroquine on enhancement of toxicity are never absolute
and that at 100 ,iM chloroquine, where the effect on pH of
receptosomes is maximal, the virus still shows some ability
to enhance toxicity.

Several lipophilic amines have been found to inhibit the
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FIG. 6. Effect of chloroquine on the potentiation of PE-EGF

toxicity by adenovirus. Cells were incubated with various concen-

trations of adenovirus and a fixed concentration of PE-EGF (0.5 ,ug/
ml) in the absence (0) and presence (0) of chloroquine (100 F.M). A
suspension of adenovirus at a concentration of 1 ,ug/ml was suffi-
cient to expose each cell to 9 x 103 adenovirus particles. Control
cells received adenovirus alone (A). The incubation was done for 45
min. At the end of this period, cells were replaced with medium
containing [3H]leucine (5 ,uCi/ml) for 30 min, and the level of protein
synthesis was determined.

infection of cells by Sendai, influenza, and Semliki Forest
viruses (17). One site of action of these agents is probably in
the receptosome (endosome). Penetration of Semliki Forest
virus into the cytoplasm requires a pH of less than 6.0 (14).
These membrane-limited viruses do not appear to disrupt the
receptosome, but instead the membrane of the virus fuses
with that of the vesicle, allowing the nucleocapsid to escape
into the cytosol. It has also been postulated that certain
bacterial toxins such as diphtheria and tetanus toxins also
require an acidic environment within an endocytic vesicle
before they can be released into the cytoplasm (1, 3, 13, 21).
Thus in certain instances, a low pH appears to promote three
different biochemical effects: disruption of a vesicle by
adenovirus, fusion of the membrane of some viruses with
that of the vesicle, and translocation of a toxin across a

membrane.
Chloroquine did not alter the toxicity of PE-EGF by itself

for KB cells, making it possible to assess directly the effect
of chloroquine on adenovirus enhancing activity. Previously
it was reported that chloroquine, methylamine, and ammoni-
um chloride inhibited the toxicity of PE for mouse fibro-
blasts (4, 18). In preliminary experiments, not presented
here, PE was substituted for PE-EGF and the effect of
chloroquine on adenovirus-mediated enhancement of PE
toxicity was determined; the virus-mediated enhancement of
toxicity appeared to be decreased. We believe this was a

combined effect in which chloroquine was active against
both PE and adenovirus. Thus, it appears that chloroquine
has a specific inhibitory effect on PE toxicity when PE
uptake is mediated by its own receptor, but not when it is
mediated by the EGF receptor.
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