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ferences in the number of "dead" phage particles
(capable of killing bacteria but incapable of pro-
ducing plaques) in our phage stocks (see below).
The 20% of the 32p remaining on the filters in
Fig. 2, after lysis from without (1) with 62 T6
per cell, was largely in the cell membrane. Experi-
ments with '4C-labeled nucleic acid precursors

N0s showed that more than 90%7, of the nucleic acid
passed through the filters under the experimental
conditions used, i.e., after lysis from without
in the presence of deoxyribonuclease (19).

Effect of temperature. The phage-induced loss
of 42K appeared to be related to the injection stage
of phage infection and not to the adsorption of
the phage onto the cell surface. Adsorption of
bacteriophage T2 can occur at room temperature
or in the cold (4 C), but injection of the viral
nucleic acid does not take place at 4 C (1, 16, 17).
Similarly, the phage-induced leakage of 42K oc-
curs at 25 or 29 C but not at 4 C (Fig. 3).

Although the phage-induced leakage apparently
required the injection of viral DNA into the cel-
lular interior, it did not depend on the functioning
of that DNA within the cell. This was demon-
strated in several ways.

(i) Heavily ultraviolet (UV)-irradiated bacterio-
phage are able to adsorb to bacteria and inject
their DNA, but the functional activity of theDNA

40 50 is destroyed by the irradiation at the rate of about
one "phage-lethal" hit inactivating 5 to 10% of
the bacteriophage genes (6). Infection of 42K-

Phage infectionl labeled bacteria with heavily UV-irradiated bac-
es. T2 and T6. teriophage T2 resulted in a rapid loss of radio-Fig. 1, except activity (Fig. 4). This loss was again dependent:4.h .-vzb1.4 32Ptin aaaea -r.
ection withl T6
clearing of the
m without). I -]--I-1-1

90

80K-

cant early leakage of 32P was observed and this
leakage showed little dependence on multiplicity
of infection. In one set of experiments with multi-
plicities of infection of about 5 phage per bac-
terium, the increased early leakage of radioactivity
over that from uninfected cells was 0.9% from
32P-labeled cells, 2.0% from cells labeled with
4C-uracil, and 2.4% from cells labeled with
"4C-leucine. Although these numbers are small,
the phage-induced leakage was readily measured
in filtrates which contained from 1 to 5% of the
radioactivity from the uninfected cells. Figure 2
also shows the greater loss of cellular phosphorus
with bacteriophage T6 infection as compared
with bacteriophage T2 infection at the same mul-
tiplicity. This was a consistent finding in several
experiments, but we are not sure to what extent
it resulted from differences between the phage with
regard to adsorption and infection or from dif-
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FIG. 4. Potassium efflux: comparison of leakage in-
duced by live and UV-irradiated phage. The bacterio-
phage T2 sample was divided in half, and one portion
was irradiated for 10 min at 18 inches from a 15-w
germicidal lamp. The UV dose was 14 phage-lethal hits
per min. The multiplicities of inifection were measured
withl unirradiatedphage.

on multiplicity of infection, suggesting that both
leakage and sealing can occur in these abortively
infected cells. UV-irradiated phage caused more
leakage per phage particle than unirradiated
phage (Fig. 4).

(ii) Phage-induced leakage of 42K could occur
in the presence of sodium cyanide (Fig. 5). In
fact, in the presence of cyanide, a given multi-
plicity of phage will cause markedly greater loss
of 42K from the cells. With uninfected cells, 10-3 M
cyanide inhibited the efflux of potassium from the
cells (Fig. 5; reference 8). The cyanide effect in
accelerating leakage from phage-infected cells
was not limited to 42K; similar results were ob-
tained with cells labeled with radioactive mag-
nesium (Fig. 6). Comparison of the data in Fig. 5
with the data in Fig. 6 showed, in addition, that
cyanide does not cause the complete lysis of
phage-infected cells but that potassium is released
more readily than magnesium (and still more
readily than phosphorus, unpublished data).

(iii) If the phage-induced leakage does not re-
quire a cellular energy supply, then it would not
be expected to depend on protein synthesis. This
was tested by adding an inhibitor of protein syn-
thesis, chloramphenicol, to the bacterial cells 2

CL

min at 29 C

FIG. 5. Potassium efflux: effect of cyanide on tlhe
leakage and sealing reactions. NaCN (103m) was added
at 3 min and bacteriophage T2 (multiplicity of infec-
tion, 3.0) at 4 min.

min prior to the addition of phage. Both the
phage-induced leakage and the sealing reaction
proceeded as usual in the presence of 25 jug of
chloramphenicol per ml (Table 1). In this and
some similar experiments, the chloramphenicol-
treated cells showed slightly more leakage and a
somewhat lower level of retention of radioac-
tivity than the untreated cells (Table 1). This
chloramphenicol effect generally occurs in un-
infected as well as infected cells (8).

Protection by high concentrations of magnesium.
Puck and Lee (16, 17) reported that phage-
induced leakage of 32p can be reduced or elimi-
nated by carrying out infection in the presence of
high (2.5 X 10-2 M) concentrations of magnesium.
We have obtained similar results with 42K leakage.
Although high magnesium concentrations had no
effect on the turnover of potassium in uninfected
cells, the addition of a high concentration of
magnesium just prior to the addition of bacterio-
phage completely eliminated the phage-induced
leakage (Fig. 7). The phage do adsorb to the
bacteria in the presence of a high concentration
of magnesium (16-18). Magnesium clearly pre-
vents leakage from cells infected with either live
phage or UV-irradiated phage.
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FiG. 6. Magnzesium efflux: effect of cyanide on the
leakage and sealing reactions. E. coli was grown in
broth containing 0.16 ,uc of 28Mg per ml (total mag-
nesium = 7 X 10-4 M), centrifuged, washed, and re-

suspended in fresh broth containing 8 X 10-5 m mag-
nesium. Bacteriophage T2 and cyanide were added as

in Fig.t5.

Lack ofphage effects on cation influx. Whether
phage infection alters the functioning of normal
cation "pumps" (permeases) in bacterial cells is a
question of some interest. Specific effects of mag-
nesium on the growth of T4 r1l mutants in E. coti
K-12(X) have been reported (4, 11, 18). The cells
must maintain and continue to accumulate cations
in order to sustain the growth of the bacterio-
phage. Furthermore, the best indication that the
phage-induced leakage of cations reported above
does not arise from the lysis of phage-infected
cells is the observation of transient efflux in the
absence of any changes in influx kinetics. In the
experiments in which phage-induced leakage of
42K and 2Mg was measured, no effect of bacterio-
phage infection on the influx of potassium and
magnesium was observed. Figure 8 shows the
results of infection with bacteriophage T2, 1 min
prior to the addition of 42K. The addition of
normal. unirradiated bacteriophage had no effect
-on the kinetics of accumulation of radioactivity
by the cells. However, heavily UV-irradiated
phage did influence the kinetics of accumulation
of radioactive potassium, but this effect was seen

TABLE 1. Effect of chloramphenicol (CM) otn the
sealing reaction after infectioni with

bacteriophage T2

42K remaining in cellsa
Multiplicity ______________________
of infection

Without CM Plus CM (25 ,ig/ml)

Ob 45 ± 5 48 2
1.25 41 3 38±0
2.5 36 1 33 ± 1
5.0 31 2 27 ± 1

a E. coli was grown with 42K, centrifuged,
and resuspended in fresh broth. CM (25 ,g/ml)
was added 2 min before the addition of bac-
teriophage T2. The course of 42K efflux was fol-
lowed as in Fig. 1. Entries are the average per
cent of 42K in the cells + standard deviation for
the five samples in the 20- to 60-min time interval.

bControl.
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FIG. 7. Potassium efflux: protection by high concen-
trations of magnesium. In the same experiment as in
Fig. 4, unirradiated or UV-irradiated bacteriophage T2
(multiplicity of infection, 3.3) were added 2 min after
the addition of 2.5 X 10-2 M MgCl2 to three of the
six samples.

only 5 to 10 min after infection. Occasional stocks
of bacteriophages T2, T4, or T6 did have in-
hibitory effects on potassium influx. These phage
stocks appeared to contain large numbers of
"dead" particles capable of killing bacteria but
incapable of producing plaques. This property
was not hereditable, since virus preparations
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FIG. 8. Potassium inifluix: effect of infection with
unlirradiated or UV-irradiated bacteriophlage T2. Unl-
irradiated phage or plhage irracdiated for 5 or 10 miii
(as in Fig. 4) were added cat a multiplicity of inifectioni
of 5.8 to 7.2 X 108 cells/ml, and 42K (0.03 ,uc/ml;
1.3 X 10-5 M) was added I miti later.

grown from the original stocks would often affect
efflux of cations without influencing influx. All of
the T2 experiments described in this paper were
carried out with phage stocks which did not in-
fluence cation influx.
One cannot measure the effects of energy poi-

sons on phage-induced changes in cation influx,
since the energy poisons inhibit influx directly
(8). However, phage-directed protein synthesis is
not required for the continued functioning of the
potassium pump in phage-infected cells, since
uninfected and T2-infected cells in the presence
or absence of chloramphenicol all showed ap-
proximately the same kinetics of influx of radio-
active potassium (Fig. 9). Potassium influx was
25% greater after the addition of chlorampheni-
col. This result recurred in other experiments but
was not completely reproducible (see 8). As in the
case of potassium influx, phage infection did not
affect the accumulation of magnesium by the
cells (Fig. 10; reference 18).

DISCUSSION

Virus infection can affect the permeability
properties of the cell either from without during
the course of adsorption and nucleic acid pene-
tration orfrom within by means of phage-directed

O3 T2
10

8 C) ~~~0

O. CM 4g/O

4 / O control
A±T21/° ~ ~~* +CM

2- 1A +CM+T2

0 10 20 30

min at 29 C

FIG. 9. Potassiutm inlfluix: effect ofphage infectioni in
the presence of chloramphenicol (CM). CM (25 ,ug/ml)
was added to 4.8 X J08 cells/ml, I mili before the addi-
tionI of bacteriophage T2 (multiplicity of infection, 6.3).
42K (as in Fig. 8) was added I miii later.

protein synthesis. Puck and Lee (16, 17) have
described a cyclic permeability change during
the infection of E. coli with bacteriophage T2.
They recognized three stages in the process:
(i) the formation of localized holes or lesions,
followed by (ii) a "spreading" of the "leaky"
state leading to loss of small materials from the
cell at places distinct from the initial sites of ad-
sorption; and (iii) termination of the generally
increased leaky stage by a "sealing" reaction,
which also spread over the surface of the cell.
The results described in this paper confirm and

extend those of Puck and Lee (16, 17). There are,
however, several significant differences, the most
important of which is that we could not find any
evidence for a spreading of the initial lesion. To
study 32p leakage, E. coli cells were grown in the
presence of 32p, washed, and stored in the cold
for various times. Then the phage were adsorbed
to the cell surfaces at 0 C. Leakage of 32p occurred
when the virus-infected cells were kept for a short
time at 37 C, and the cells were then cooled to
0 C to stop the reaction. Leakage was measured
by analyzing the 32p content of cell-free super-
natant fluids after centrifugation in the cold. By
using membrane filtration instead of centrifuga-
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1 intact, since heavily UV-irradiated phage induce

_,o.4 leakage.
We do not know precisely what stage of the

infection process results in the leakage. Irrevers-
_/ ible adsorption at 4 C is not sufficient to cause

leakage. It is possible that the leakage accom-
panies the injection of the phage tail needle
through the cell wall (23), or that leakage is
associated with enzymatic digestion of the cell

j wall at the site of adsorption (2, 3). The enzy-
/ ~~~~~~~~maticdigestion of the cell wall occurs at 26 C,

-A/ * control 2.6xl0-4M Mg,+- but not at 4 C, and is also multiplicity dependent
0- oT2 MCI 4.5 (2, 3). We have been unable to measure leakage0 M I4 5 of 42K from cells attacked by DNA-free osmot-

/ ically-shocked phage ghosts (9, 13), because of
0 10 20 30 technical reasons associated with residual live

min at 24 C phage and because of difficulties in determining
multiplicities of infection with ghosts. Experi-

10. Magnesium influx: effect ofphage intfectionl. ments with ghosts would determine whether in-
riophage T2 (multiplicity of infection, 4.5) was jection of DNA is necessarily associated with
I min before the addition of'Mg (0.03 uc/ml; leakage.
104 M added magnesium), to 5.5 X 108 cells/ml High magnesium conc-ntratiois pievent phage-
th containiiig 8 X 10-5 v niagnesium. induced leakage both from nor -nally iMfected

cells and fron cells abortively infected by UV-
we were able to measure leakage more irradiated phage (Fig. 7). This could be due

ly, and the time between the removal of either to the magnesium stopping the i,fection
les and the completion of the filtration step before the stage where leakage oCcurs or to the
always less than 1 min. Furthermore, the magnesium aiding and accelerating the sealing
were always under conditions which allowed reaction. Phage adsorption, injection, and
th and were never temperature-shocked. growth occur readily in the presence of high mag-
ck and Lee (16, 17) concluded that phage- nesium concentrations (1, 16-18), so that either
ed 32p leakage is not dependent on the mul- the stage resulting in leakage can be bypassed or
ity of phage per bacterium, and it is this re- magnesiumn helps to plug the breach and aid in
vhich led them to postulate a spread of the resealing.
I lesions. We have also found very little ef- The sealing reaction follows the leaky stage by
)f multiplicity of infection on 32p leakage 5 to 10 min at 25 C, both in normally infected
2), but 32p leakage from freshly grown cells cells and in cells infected with UV-irradiated
^y small at all low multiplicities. However, phage (Fig. 1 and 4). Sealing also occurs in the
measuring 42K leakage, we observed that presence of chloramphenicol and is therefore not

Lsed multiplicity of infection resulted in in- dependent on phage gene-controlled processes.
Id leakage of 42K (Fig. 1, Table 1). Presum- Perhaps bacterial proteins are enzymatically ac-
since potassium is found within the cells tive in a sealing process which involves bio-
rily in an unbound and osmotically active synthesis of new erembrane material. For ex-
(7, 8), it is a more sensitive measure of ample, the incorporation of lipids into cell mem-
alized leakage. Considering the differences brane materials continues after infection, even in
perimental procedures, we attribute Puck the presence of chloramphenicol (4, 10). Or, al-
-ee's result with relatively high multiplicities ternatively, no biosynthesis may be involved, and
rection to abortive infection and lysis from the cell may be like a "self sealing inner tube"
iut in an increasing fraction of the cells. We (22).
ude that there is no evidence for spreading Recently, it was proposed that a bacteriophage
initial lesions. gene might be involved in the resealing phenome-

addition to its dependency on multiplicity of non (21). This gene, called ac in T4 and pr in T2,
ion, the leakage associated with phage in- functions during the first few minutes of infection
n has the other attributes expected of dam- (21) in such a way as to change the permeability
rom without. The phage-induced leakage properties of the cell surface to acridine dyes
not require protein synthesis or a cellular such as proflavine (12, 20, 21). It was proposed
y supply (Fig. 5 and 6; Table 1). Nor is it that the increased permeability to acridines
3ary for the phage DNA to be functionally might be a chance, secondary consequence of the
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sealing reaction. However, this theory must now
be rejected since the ac gene function is eliminated
by UV-irradiation of the extracellular phage and
is inhibited by 25 ug of chloramphenicol per ml
(21).

UV-irradiated phage cause more potassium
loss than do unirradiated phage and also inhibit
potassium influx. We do not know what the
underlying mechanism of this added damage is,
but similar inhibitions of metabolism and active
transport in abortive infections have been found
by a number of investigators (9, 13-15). The tran-
sient nonspecific loss of small molecules from
phage-infected cells could also provide an explana-
tion for the chloramphenicol-insensitive inhibition
of host nucleic acid synthesis that Nomura et al.
(15) found after infection with T4 bacteriophage.
As in the case of early leakage, this inhibitory
effect was strongly dependent upon multiplicity of
infection.
We can see no effect of normal phage infection

on the functioning of the bacterial potassium and
magnesium pumps. This is not surprising since,
if cellular cations were lost by leakage and phage-
induced permeases were needed after infection to
restore them, the low cation content of the cell
could inhibit the synthesis of these permeases
and infection would be abortive. Turning this
argument around, the inhibition of bacterial
permeases by alterations in the cellular membrane
can provide an explanation for some of the
characteristics of abortive infection. The one
report of a specific effect of bacteriophage infec-
tion on active transport is that of Sekiguchi (18),
who showed that magnesium influx in r11-infected
K-12 (X) stops abruptly about 6 min after infec-
tion at 37 C. We have not studied magnesium
transport in K-12 (X) cells, but we think it un-
likely that the rll gene determines directly a part of
the magnesium active transport system. It seems
more reasonable that the r11 gene product causes
a change in the bacterial membrane which
results in a cessation of active transport and
other cellular functions unless the membrane
structure is stabilized, e.g., by high magnesium
concentrations in a manner analogous to that
seen in Fig. 7 (see 4). Further experiments on
potassium and magnesium influx in K-12 (X) cells
infected with r1l mutants in the presence of chlor-
amphenicol should clear up this question.
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The pH of the solution in which interferon was applied to L cells determined the
level of resistance developed against challenge with vesicular stomatitis virus (VSV).
No inhibition of challenge virus was observed when interferon was applied to cells
at pH 6.0. At pH 6.5, partial inhibition of VSV replication was observed and inhibi-
tion was maximum at pH 7.0. Evidence was obtained that interferon interacted with
L cells at pH 6.0, but that resistance did not develop until the cells were placed in a

medium at pH 7.0. These effects were explained by data showing that exposure of
cells to a medium at pH 6.0 reversibly inhibited both ribonucleic acid and protein
synthesis.

Levine (8) demonstrated that, although the
initial interaction between interferon and chick
embryo cells occurs at 4 C, the development of
resistance to virus challenge is a second step that
requires incubation at 37 C. This work was ex-
tended by Friedman (2), who showed that treat-
ment of cells with trypsin, after the initial inter-
action with interferon in the cold, inhibited the
subsequent development of antiviral activity. He
concluded that interferon is bound initially to
some superficial cell site, and that this binding is a
necessary prerequisite for the development of
resistance to virus. Several groups of workers have
shown that ribonucleic acid (RNA), synthesis as
well as protein synthesis, is necessary for the
development of resistance (3, 4, 8, 10, 13).
As part of a study of the initial interaction of

mouse interferons and L cells, the influence of
the pH of the medium in which interferon is
applied was investigated. This report shows that
although pH had no effect on the initial reaction
of interferon and L cells it had a marked influence
on the subsequent development of resistance to
challenge with virus.

MATERIALS AND METHODS

Viruses. The Indiana strain of vesicular stomatitis
virus (VSV) was propagated in L-cell cultures as pre-
viously described (14). Virus pools were kept at -60 C
for use as challenge virus in interferon assays.

Cell cultures. A continuous line of L cells (clone 929)
was grown in 32-oz (907-g) prescription bottles for 7
days with one change of Eagle's minimal essential
medium supplemented with 4%J0 calf serum. Cell sus-
pensions, obtained by scraping the cells from the glass
with a rubber policeman, were prepared in growth
medium. Cell counts were adjusted so that cultures in

60-mm petri dishes or in 2-oz (56.7-g) prescription
bottles were initiated with 3 X 106 cells in 4 ml of
medium or with 106 cells in 7 ml of medium, respec-
tively. L-cell cultures were used for interferon assays
after 24 hr of incubation at 37 C, and after 48 hr for
virus assays.

Interferons. L-cell interferon was prepared by
inoculating the cultures with Newcastle disease virus
(NDV) as described by Youngner et al. (14).

Interferon that appeared in the circulation of mice
after intravenous injection of Esclherichia coli endo-
toxin (endotoxin interferon) was prepared as described
by Stinebring and Youngner (12).

Assays of interferon were carried out by the plaque
reduction method with VSV as the challenge virus.
The details of this assay have been recorded (14).

Preparation of solutions at different pH values.
Phosphqte-buffered saline (PBS; 0.01 M with respect
to phosphate at pH 7.2) was prepared as described by
Merchant et al.(I 1). The pH of the buffer was adjusted
to values less than 7.2 by the addition of small amounts
of 1.0 or 0.1 M HCl. The pH was measured at 25 C by
use of a Beckman Zeromatic pH meter calibrated
with standard buffers. Solutions of PBS at pH values
greater than 7.0 were prepared by adding 1 M NaOH.

Treatment ofcells with interferon solutions at various
pH values. Monolayer cultures of L cells to be ex-
posed to interferon in PBS at a certainpH were washed
twice with 3 ml of PBS at the same pH before adding
the interferon solution. For the sake of brevity, the
following convention has been adopted: PBS5 refers
to PBS in which the pH has been adjusted to 5.0;
PBS6 means PBS adjusted to pH 6.0; etc. After incu-
bation at 37 C in air containing 5% C02, the cultures
were washed with Eagle's medium containing 4%
calf serum (pH 7.2) and then challenged with VSV
(0.5 ml) at an input multiplicity of infection of 10.
After incubation for 1 hr at 37 C, the unadsorbed
virus was drawn off and the cultures were washed
twice with 3.0 ml of growth medium. An additional
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3.0 ml of medium was added, and the infected cul-
tures were incubated for 6 hr at 37 C. The culture
fluids were collected and frozen at -60 C until the
infectivity titers were determined by a plaque assay.
The effectiveness of the interferon applied at different
pH values was determined by the amount of inhibition
of yield of challenge virus during a single cycle of
replication (7). The yield of challenge virus was com-
pared to the yield in two types of controls: (i) cultures
treated with identical interferon dilutions in either
PBS7 or Eagle's medium, and (ii) cultures treated with
PBS at the same pH or with Eagle's medium, but con-
taining no interferon.
The buffered interferon solutions from pH 7.0 to

pH 5.5 were stable for the 5-hr incubation period.
In PBS4.5 and PBS5.0, however, the pH values rose
to 4.9 and 5.2, respectively. For shorter incubation
periods, no increase in pH was observed.

Incorporation studies. To measure the incorporation
of 14C-leucine or 3H-uridine into L cells, a modification
of the method of Fujioka et al. (5) was used. 14Cj
leucine (specific activity, 180 mc/mmole) and 3H-
uridine (specific activity 2.0 c/mmole) were purchased
from Schwarz Bio Research, Inc., Orangeburg, N.Y.
The 14C-leucine was diluted in Hanks' balanced salt
solution (BSS) to a final concentration of 0.25 mc/ml,
and the 3H-uridine was diluted to 0.5 mc/ml in the
same medium. Cultures pretreated at each pH were
drained and pulsed at 37 C with 1 ml of isotope solu-
tion (10-min pulse for 3H-uridine, and 20-min pulse
for 14C-leucine). Incorporation was stopped by placing
the petri dishes on ice. The isotope solution was re-
moved; the cells were washed with cold Hanks' BSS,
and then scraped with a rubber policeman into 2 ml
of cold BSS. The suspended cells were washed twice
more with 10 ml of Hanks' BSS and then centrifuged
in 15-ml centrifuge tubes, at 1,500 rev/min, in the
angle head of an International (PR-2) refrigerated
centrifuge. The cell pellet was resuspended in 2 ml of
Hanks' BSS, and the cells were disrupted by treat-
ment for 8 min at maximum amperage in a Raytheon
10-kc sonic oscillator, model DF-101. After precipita-
tion with trichloroacetic acid, the insoluble material
was collected by filtration and the radioassay was car-
ried out in a Tri-Carb liquid scintillation spectrometer
(Packard Instrument Co., Inc., Downers Grove, lll.).

RESULTS

Influence ofpH on the plaque inhibition titer of
interferon. Interferon made in L cells infected
with NDV was serially diluted in PBS6, PBS7, or
Eagle's medium, and 3 ml of each dilution was
added to duplicate L-cell cultures. Control cul-
tures were treated with the same diluents without
interferon. After different times of incubation at
37 C, the interferon dilutions and the control dil-
uents were removed, and the cultures were chal-
lenged with 40 to 60 plaque-forming units (PFU)
of VSV and overlaid with agar as described pre-
viously (14). The results in Fig. 1 show that the
50% plaque inhibition titers increased with time
when the interferon was applied in PBS7 or in
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FIG. 1. Influence ofpH on interferon titer determined
by the plaque inhibition method. Duplicate L cell
cultures were washed and inoculated with interferon
diluted in PBS6, PBS7, or Eagle's medium. After dif-
ferent times of incubation at 37 C, the cultures were
washed with growth medium and challenged with 40 to
60 PFU of VSV.

Eagle's medium. In contrast, there was no detecta-
ble increase in resistance to virus in the cultures
exposed to interferon diluted in PBS6. It should
be noted that the average plaque counts in cul-
tures exposed to PBS6, PBS7, or to Eagle's medium
without interferon were not significantly different.

Influence of pH range on interferon action. To
determine the range of pH values over which
inhibition of interferon action could be observed,
L-cell cultures were exposed to interferon diluted
in PBS4.5, 5.0, 5.5, 6.0, 6.5, 7.0, and 8.0. For
convenience, interferon activity was measured by
the yield inhibition method in these experiments.
Duplicate cultures were washed twice with PBS
at each pH and then exposed to 3 ml of inter-
feron diluted in PBS at the corresponding pH;
each culture received 400 units of interferon from
NDV-infected L cells. Control cultures at each
pH were treated similarly, except that the PBS
contained no interferon. After 5 hr of incubation
at 37 C, the cultures were washed and challenged
with VSV at an input multiplicity of 10. After 1 hr
of adsorption, the inoculum was removed, the
cultures were washed twice, and 3 ml of Eagle's
medium was added. The fluids from infected
cultures were harvested after an additional 6 hr
of incubation at 37 C. The results of this experi-
ment are presented in Fig. 2. When interferon
was applied in PBS7 or in PBS8 (not shown), the
yield of progeny virus after challenge was effec-
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