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Virus-Free Infective Centers Produced by Photodynamic Inactivation

of Poliovirus in Rhesus Kidney Cell Suspensions.
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Poliovirus propagated in cell cultures con-
taining proflavine, acridine orange, or neu-
tral red becomes sensitive to light(1-3) and
retains this sensitivity as a phenotypic tag
(4), which may be used to distinguish be-
tween successive generations of virus. Sev-
eral investigators(3,5,6,7) have employed
photosensitive poliovirus as a means of study-
ing the early course of infection of the cell,
making use of the fact that irradiating the
system with visible light will destroy parent
virus without affecting the cells or any virus
progeny which may have been present at
time of irradiation.

Wilson and Cooper(3,7) found that polio-
virus sensitized with neutral red or acridine
orange loses its photosensitivity soon after
adsorption to susceptible cells and that this
loss is not due simply to entry into the cell,
but results from something which happens to
the virus particle in a later stage of the proc-
ess of infection. McBride’s earlier observa-
tions(5) as well as those reported concur-
rently by Schaffer and Hackett(6) differ
somewhat in experimental detail but lead
essentially to the same conclusion.

In similar experiments of our own, we
have found that, by irradiating cell suspen-
sions promptly after adsorption of proflavine-
sensitized poliovirus, we can obtain cellular
centers of viral infection from cell suspen-
sions which contain no immediately recover-
able virus. This demonstration of a total

* Present address: Dept. of Microbiology, Uni-
versity of Chicago, Il

eclipse phase of poliovirus infection is of in-
terest because of its implications about the
transfer of genetic information from the vi-
rus to the synthetic apparatus of the cell.

Methods. Preparation of virus. Poliovirus,
type 1, Mahoney, was sensitized to light by
3 serial passages in the dark in monolayers
of primary rhesus kidney cells in medium 199
(8) containing 2% calf serum and 2 mcg
proflavine per ml. Plaque-forming units
(PFU) were determined on confluent mono-
layers of primary rhesus kidney cells.

Preparation of cells. Monolayer cultures
of Hull’'s LLCMK, stable rhesus kidney cell
line(9) were prepared in 32-oz bottles. After
a preliminary washing with 10 ml of Hanks’
balanced salt solution (HBSS)(10), the cell
sheet from each bottle was dislodged from
the glass by incubation for 15 minutes at
36°C with 20 ml of 0.15 M NaCl containing
0.25% trypsin. The yield from 4 bottles was
pooled, sedimented by centrifugation for 5
minutes at 1500 rpm and resuspended in 5
ml of HBSS containing 0.5% - lactalbumin.
The cell concentration was determined using
a Coulter counter or by visual counting in a
hemocytometer using trypan blue stain.

Experimental procedure. An inoculum of
0.4 ml of photosensitized poliovirus contain-
ing 107 plaque-forming units (PFU) was
added to a suspension of 107 cells in 20 ml
of HBSS containing 0.5% lactalbumin, and
the mixture was shaken gently for 20 min-
utes in the dark at 36°C. The cells were
then collected by centrifugation for 5 min-
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TABLE I. Poliovirus and Poliovirus Infective Centers in Infected LI.CMK, Cell Suspensions.

Exp No. 1 2 3 4 5 6 7
Cells/m] in suspension 104¢ 108-° 1083 1082 108 10*8 1048
Virus recoverable before 1087 1034 1027 10'® 102+ 107
irradiation (P¥FU/ml)
Virus recoverable after Nonein Nonein Nonein 3 or less 3 or less Nonein Nonein
irradiation (total PFU) 1ml 135 ml 140 ml  in130 m!* in130 ml* 110 mlt 120 mlt
Tnfective centers/ml >1007 101® 102 1015 1010 102¢ 102

after irradiation

* Poliovirus was recovered in 1 out of 7 bottles, each containing 19-20 ml of fluid. (The probability
that more than 3 PFU was present initially in the positive bottle is less than 0.004.)

t Uncentrifuged suspension of cell debris,

utes at 1500 rpm, washed once, resuspended
in 150 ml of HBSS containing 0.5% lactalbu-
min, and placed in a water-jacketed flaskt
with a suspended magnetic stirrer. The flask
was interposed between 2 General Electric
RFL-2 Photoflood lamps at a face-to-face
distance of 20 cm. With cold tap water circu-
lating in the jacket and the stirring bar ro-
tating slowly, the vessel was irradiated for
370 seconds. Samples of the suspension were
withdrawn before and after the irradiation.

Assav procedures. For determination of
infective centers, 0.2-ml samples of a 1:10
dilution of the irradiated cell suspensions
were mixed at 45°C with 1.8 ml of 0.45%
agar in Earle’s salt solution(11) containing
2% calf serum and overlaid on primary rhe-
sus kidney monolayers in sealed 2-0z pre-
scription bottles. After incubation for 2 hours
at 36°C, the bottles received an additional
overlay of plaque medium containing 3%
agar and were maintained at 36°C with ob-
servation on the 4th or 5th day to count the
plaques.

Samples of the irradiated cell suspension
were subjected to 3 cycles of freezing and
thawing by alternate immersion in an etha-
nol-dry ice bath and a 37°C water bath, then
were centrifuged for 15 minutes at 1500 rpm
to remove cellular debris or, in 2 experi-
ments, were assayed without centrifugation.
The supernatant fluids from samples before
irradiation were titrated by the plaque meth-
od. Supernatant fluids from the irradiated
cell suspensions were tested for virus activ-
ity by inoculating 20 ml aliquots onto

t Spinner flask No. 3007, 250 ml, Bellco Glass Inc.,
Vineland, N. J.

LLCMK. monolayers in 32-0z prescription
bottles. The bottles were observed for 14
days after inoculation and were reported as
negative if no cytopathic effect was seen and
if the cell lot had been shown to be suscep-
tible to poliovirus infection.

Results. The results of 7 consecutive ex-
periments are summarized in Table I. The
washed cell suspensions prior to irradiation
contained approximately 10° cells per ml and
less than 10* PFU of virus per ml. Since the
cells were originally inoculated at a multi-
plicity of 1, the virus remaining after wash-
ing represented less than 10% of the amount
present during adsorption.

The irradiation applied to the cell suspen-
sions had been selected to result in a survival
ratio of less than 10—¢ for photosensitized
poliovirus(4). In Experiments 2, 3, 6 and 7,
no surviving virus was found in the clarified
suspension after freezing and thawing. Traces
of virus survived in Experiments 4 and 5,
and an unmeasured but small amount may
have survived in Experiment 1.

Infective centers surviving the irradiation
far outnumbered the recoverable virus par-
ticles, although they occurred in only a small
proportion (0.0l to 0.1%) of the total num-
ber of cells in the suspension. We believe
that all of these infective centers were de-
stroyed by the f{reezing-and-thawing oper-
ation, and that they contributed no virus to
the system when they were disrupted. To
test the possibility that viable virus particles
selectively adhered to the cell debris and
were removed during centrifugation, we as-
sayed uncentrifuged specimens of cell suspen-
sions after irradiation and disruption, but re-
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covered no virus in either experiment (see
Exp. 6 and 7, Table I).

Discussion. There seem to be two possible
explanations for these experiments in which
we have found infective centers in the ab-
sence of virus: 1) the virion, upon entering
the cell and losing its protein coat, allows the
bound proflavine to diffuse away leaving an
intact photoresistant RNA which can later
proceed to carry on the course of infection,
or 2) the RNA is stabilized against photo-
oxidation during the early stages of infection.

The experiments of Schaffer and Hackett
(6) show that poliovirus sensitized with acri-
dine orange and introduced into suspensions
of HeLa cells with acridine orange in the
medium retains its photosensitivity to a large
extent, but their findings would not rule out
the presence of some photoresistant eclipsed
virus. Wilson and Cooper(3,7) using neutral
red and acridine orange as photosensitizers
for poliovirus in ERK monolayers found that
virus containing either dye lost photosensi-
tivity shortly after penetrating the cell and
that this occurred in the continued presence
of dye within the cell as well as in its ab-
sence. Loss of photosensitivity of the infect-
ing virus thus does not seem to be simply a
consequence of disassembly of the particle.

While the present experiments give no sup-
port to stabilization of the viral genome’ as
an alternate explanation of photoresistance
during eclipse, we note the similarity be-
tween our results and those of Fenwick and
Pelling(12) and Tershak(13) in which re-
sistance to ultraviolet light developed con-
currently with early protein synthesis. Ex-
periments now in progress to test the effects
of puromycin and other inhibitors of protein
synthesis upon the development of virus-free
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infective centers may help to clarify the basis
for the photoresistant state.

Summary. When suspensions of rhesus
monkey kidney cells (LLCMK;) are inocu-
lated with proflavine-photosensitized polio-
virus, type 1, incubated 20 minutes at 36°C
in the dark, and then irradiated with bright
visible light, all detectable virus in the sus-
pension is destroyed, but 0.01 to 0.1% of the
cells are capable of developing into infective
centers. This finding suggests that RNA from
proflavine-photosensitized poliovirus loses its
photosensitivity in the early stages of cellu-
lar infection, or, alternatively, becomes stabi-
lized shortly after penetration of the cell.

We are indebted to Dr. John M. Easton and Mr.
Clarence A. Robinson for advice and assistance in
completing this set of experiments.
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