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Sendai virus grown in fertile eggs (egg Sendai) infects L cells in which the syn-
thesis of L Sendai (grown in L cells) occurs by the one-step mechanism. L Sendai
is not infectious for L cells when tested by the tube titration method although it is
infectious for chick embryos. When L cells infected with egg Sendai were dispersed
by trypsin and plated on a monolayer culture of L cells, the viral agents spread to
the adjacent recipient cells in which the synthesis of L Sendai occurred. The newly
infected L cells became infectious for L cells again by trypsin treatment. Kinetic
experiments suggested that the target of trypsin is the mature virus, of L Sendai
nature, just budding from the L-cell surface. By using an immunofluorescent cell-
counting technique, recovery of the infectivity of L Sendai for L cells due to a direct
enzymatic action of trypsin was demonstrated. Under the optimal condition, the
infectivity increased 1,000-fold for L cells and 10-fold for chick embryos, and both
the titers could favorably be compared. No increasing effect of trypsin was observed
on the infectivity of egg Sendai. Density centrifugation studies revealed a difference
between egg Sendai and L Sendai in the density. Trypsin treatment which induced
the maximal enhancement of L Sendai infectivity did not affect both the densities,
showing that variations of Sendai virus in the infectivity for L cells and in the density
are independent types of host-controlled modification.

Host-induced modifications, made by acquir-
ing structural materials directly from host cells,
are rather commonly observed among myxo-
viruses (4, 14, 15, 18, 27). In previous papers,
we reported that Sendai virus grown in L cells
(L Sendai) was markedly different from the one
grown in the allantoic cavity of fertile eggs (egg
Sendai). Egg Sendai showed both a characteristic
cytopathic effect (CPE) on L cells with produc-
tion of L Sendai progeny and hemolytic activity.
In contrast, L Sendai did not show CPE on L
cells, any sign of the synthesis of viral antigens
in L cells, or hemolytic activity although it re-
tained the infectivity for chick embryos (10, 11).
The failure of growth of L Sendai in L cells was
due to its being incapable of penetrating L cells,
whereas adsorption occurred to an extent similar
to that of egg Sendai (8, 10). Since conversion of
egg Sendai to L Sendai and reversion of L Sendai
to egg Sendai occurred in a single growth cycle
in the respective hosts, the observed phenomenon
was understood as a host-controlled variation.
The present paper is concerned with the find-

ings that when the monolayer culture of L cells
primarily infected with egg Sendai is dispersed
by trypsin and plated on the fresh monolayer
culture of L cells, it spreads the infectious agents
to the adjacent cells and produces a macrovisible
hemadsorption focus. Several experiments to
elucidate this phenomenon were carried out, and
a direct effect of trypsin on L Sendai virion for
restoration of the infectivity for L cells will be
revealed. Conditions in which the maximal infec-
tivity of L Sendai is induced by trypsin treatment
are also determined.

MATERIALS AND METHODS
Virus. The Fushimi strain of Sendai virus was grown

in the allantoic cavity of 10-day-old chick embryos
from a 106 dilution of seed virus, and the allantoic
fluid was harvested after incubation for 72 hr at 36 C
(egg Sendai). L cell-borne Sendai virus (L Sendai) was
recovered from the tissue culture fluids of the standard
passage of infected L cells as will be described in
detail below. Both viruses were purified partially by
differential centrifugations at 4,000 X g for 15 min
and 43,000 X g for 30 min. The virus pellets were
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suspended in a phosphate-buffered saline (PBS), pH
7.2, and clarified by a centrifugation at 4,000 X g for
15 min which was followed by filtration through a
membrane filter (type HA; Millipore Corp., Bedford,
Mass.). It should be emphasized that L Sendai thus
prepared did not contain even a trace of egg Sendai.

Virus assay. The infectivity for chick embryos was
determined by inoculating 10-day-old chick embryos
with serially 10-fold diluted Sendai virus. Five eggs
were used per dilution, and the 50%0 egg infectious
dose (EIDao) was calculated by the Reed and Muench
method. The infectivity for L cells was determined
either by titration in the monolayer culture of L cells
or by an immunofluorescent cell-counting technique
which has been established in this system, (13). In the
former, the 50% tissue culture dose (TCD50) was
calculated on the basis of the appearance of CPE.

Tissue culture. L cells were seeded into either test
tubes (10 by 100 mm) or 60-mm petri dishes in a
growth medium which consisted of 0.1%7o yeast ex-
tract, 0.5% lactalbumin hydrolysate in Earle's bal-
anced salt solution with 0.45% glucose (YLE) and
10j bovine serum. Petri dish cultures were incubated
at 36 C in 5% CO2 in humidified air. For virus infec-
tion, a maintenance solution which consisted of YLE
with 2% heated horse serum (MS) was substituted for
the growth medium.

Immunofluorescent staining. Cover slip (6 by 30 mm)
cultures of L cells were made in petri dishes (13). Each
cover slip with complete monolayer cells received 0.05
ml of test samples. After incubation for 1 hr at 36 C,
the cover slips were immersed in new petri dishes
containing 5 ml of MS, and incubation was continued
in a CO2 chamber. At the indicated times, the cover
slips were removed from the petri dishes, washed in
PBS, dried, fixed with acetone, and stained with
fluorescent antibody by the direct method.

Antiviral serum. A 1-ml amount of the partially
purified egg Sendai [2,000 hemagglutinin units
(HAU) /ml] was inoculated intravenously twice a
week into a rabbit. A total of seven successive injec-
tions was made, and the animal was bled 1 week after
the last injection. A portion of the antiserum was used
for conjugation of gamma globulin with fluorescein
isothiocyanate.

Treatment of Sendai virus with trypsin. To 0.3 ml of
virus suspension was added 0.1 ml of appropriately
diluted crystalline trypsin in PBS. After incubation in
a water bath at 36 C, the mixtures were immediately
chilled and diluted 1,000-fold in cold MS to reduce the
enzyme level sufficiently. Otherwise, as indicated in the
text, 0.1 ml of soybean trypsin inhibitor was added to
the reaction mixtures.

Equilibrium density gradient centrifugation. A linear
potassium tartrate density gradient in PBS (60 to 3%,
w/v) was prepared by the method proposed by
McCrea et al. (16). Virus samples were loaded on top
of the gradients (4.5 ml), and centrifugation was car-
ried out in a Spinco SW 39 head at 39,000 rev/min
for 60 min at 4 C. After centrifugation, fractions were
collected by piercing the bottom of the centrifuge tube
with a needle.

Trypsin and soybean trypsin inhibitor. In the experi-
ments specified, crystalline trypsin (thrice crystallized;

C. F. Boehringer & Soehne GmbH, Manheim, Ger-
many) and crystalline soybean trypsin inhibitor
(Sigma Chemical Co., St. Louis, Mo.) were used.
They were diluted by PBS, divided into small test
tubes, and stored in a deep freezer at -80 C until
desired.

RESULTS
Serial passage of L cells infected with Sendai

virus by trypsin treatment. As reported previ-
ously, L Sendai did not infect L cells although it
did so chick embryos. Criteria for loss of the in-
fectivity for L cells were based on lack of the
CPE, hemagglutinin (HA) production, and hem-
adsorption. After many attempts to infect L
cells with L Sendai, it was eventually found that,
when L cells which had been infected with egg
Sendai were dispersed by trypsin and plated on a
fresh monolayer culture of L cells, CPE appeared
in the recipient cells around the inoculated cells.
The CPE became manifest at about 10 to 12 hr
after inoculation of the cells, and immunofluores-
cent staining detected the synthesis of viral anti-
gens. The newly infected, virus-synthesizing cells
were again made infectious for L cells by trypsin
treatment. The virus-synthesizing cells then could
easily be transferred successively, and the follow-
ing procedure was established to passage the
infectious state of L cells on the monolayer cul-
ture of L cells (standard passage).
A petri dish culture of L cells was infected with

5 ml of egg Sendai at a multiplicity of 10 EID50
per cell in MS. After adsorption for 1 hr, the cul-
ture was washed twice with Hanks solution and
reincubated in 5 ml of fresh MS at 36 C. A
characteristic CPE appeared on the next day,
and virus yields in the fluids reached maximum
at about 72 hr after infection. The cultures were
then washed once with PBS, 0.05%v0 trypsin
(Nutritional Biochemicals Corp., 1:300) in PBS
was added for 1 min at 36 C, the trypsin was
aspirated, and incubation continued for another
5 min. The detached cells were dispersed by gentle
pipetting in a small amount of MS and diluting.
More than 2 X 10' cells in 5 ml of MS were
inoculated on a fresh monolayer culture of L
cells in a petri dish. Almost all of the cells could
be infected under this condition. Serial passages
of the infected cells were made at intervals of
every 2 days, and the cells at infectious state have
been maintained over a period of 100 passages.

Figure la shows the immunofluorescent feature
of the microfoci produced by inoculating the
cover slip culture with the trypsinized cells from
the 50th standard passage. This can be compared
with Fig. lb where the cells were infected with
egg Sendai at a low multiplicity. The immuno-
fluorescence was almost confined to a single cell
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FIG. 1. Immunofluorescence features of L cells produced by the trypsinized, infected L cells and by egg Sendai.
(a) Two-day-old intfected L cells in petri dish at the 50th standard passage were dispersed by trypsin, and 0.05
ml of the suspension containing 1,000 cells was inoculated on the cover slip culture of L cells. Immunofluorescent
staining was made at 48 hr after inoculation of the infected cells. Fluorescent-positive cells appear focuswise, anld
three foci are evidently shown. (b) The cover slip culture ofL cells was infected with egg Sendai at a multiplicity
of0.1 EID0o per cell and immunofluorescent staining was made as in (a). No tendenicy ofspread of thefluorescence
from singly infected cell to the adjacent cells is observed.

and, as time elapsed, no tendency of spreading of
the fluorescence to the adjacent cells was ob-
served.

Properties of the virus recovered from the
standard passage. The culture fluid of the stand-
ard passage usually contained more than 28.0
HAU/ml at 72 hr after infection. An experiment
was undertaken to see whether the virus recov-
ered from the standard passage still retained the
property comparable with that of the virus pro-
duced after a single growth cycle of egg Sendai
in L cells. In this experiment, the HA activity
and the infectivity for chick embryos and for
tube cultures of L cells served as criteria of the
biological activity of egg Sendai and L Sendai.
The viruses tested were as follows: (i) the egg-
passaged line of Sendai virus (egg Sendai), (ii) a
single passage of egg Sendai in L cells (L Sen-
dai-1), (iii) the culture fluid of the 50th standard
passage (L Sendai-50), and (iv) a single passage
of L Sendai-50 in chick embryos (L Sendai-50-
egg-i). For preparation of L Sendai-l, care was
taken to remove the residual contaminant of egg
Sendai by pulse treatment of the culture with the
antiserum after virus adsorption. All tested vi-
ruses were diluted in MS to yield 1,280 HAU/ml.

Table 1 shows the results. L Sendai-1 and L
Sendai-50 did not reveal the infectivity in the
L-cell tube titration, whereas they did for chick
embryos. However, the EID5o:HA ratio was as
low as 104-5 with L Sendai-1 and 104-3 with
L Sendai-50, whereas that of egg Sendai was

106. 2, being in accord with the previous results
(10, 11). The virus obtained after a single passage
of L Sendai-50 into chick embryos (L Sendai-
50-egg-1) restored the infectivity for L cells to a
comparable level with egg Sendai. These results
showed that the property of L Sendai could
stably be maintained during numerous passages
in L cells.

Demonstration of cell-to-cell infection in the
standard passage. This experiment was done to
study the mechanism of spreading of the viral
agents from the trypsinized infected cells to the
recipient L-cell monolayers. L cells at the 55th
standard passage were trypsinized on the 2nd
day after infection, diluted by MS to yield 1,000
to 2,000 cells per 0.05 ml, and plated on the cover
slip cultures. The immunofluorescent staining
was made at 36 and 72 hr after cell inoculation,
and frequency distribution of the number of the
fluorescent cells in the foci was determined by
counting 500 foci with respective preparations.
The results are illustrated in Fig. 2, showing that
more than 70% of the foci were composed of
about 16 to 24 virus-synthesizing cells. Appar-
ently, the curve did not show the normal distri-
bution pattern, which suggests that some of the
foci were derived from multiple cells. No signifi-
cant difference in the distribution pattern was
observed as the incubation period was prolonged
from 36 to 72 hr. Since the virus from the stand-
ard passage was not infectious to L cells, this
result seemed to suggest that spreading of the
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TABLE 1. Comparison of the infectivity of egg and L Sendai for chick embryos and L-cell tube cultutres
Virus titerb Ratio of EID50 to

\Jirus'

HAU/ml EID5o/ml TCDi0/ml HAU TCD6,

Egg Sendai ..........1..........,1280 109.3 i 104.5 106.2 104.8
L Sendai-l ..................... 1,280 107.6 <l10-0.5 104.5 >108.1
L Sendai-50.................... 1,280 107.4 <10-0.5 104.3 >107.9
L Sendai-50-egg-1 .............. 1,280 109.4 1]045 i 106.3 104.9
_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

a Egg Sendai, virus grown in fertile eggs; L Sendai, virus grown in L cells; L Sendai-1, single passage
of egg Sendai in L cells; L Sendai-50, culture fluid of the 50th standard passage; L Sendai-50-egg-l,
single passage of L Sendai-50 in chick embryos.

I HAU, hemagglutinin units; E1D50, 50% egg infectious dose; TCD50, 50% tissue culture dose.

viral agents occurred directly from the trypsinized
seed cells to the adjacent recipient cells.

Detection of the foci by hemadsorption. The
foregoing results suggested that the immuno-
fluorescent foci could also be detected by hemad-
sorption without agar overlay. In fact, hemad-
sorption foci appeared first at about 12 hr after
inoculation of the trypsinized cells from the
standard passage. Minute but discrete hemad-
sorption foci were formed at 72 to 96 hr, and
they could easily be detected macroscopically. A
quantitative study revealed a linear relationship
between the number of hemadsorption foci and
that of the cells seeded. However, the efficiency
fluctuated considerably from one experiment to
another, ranging from 30 to 95%, which might
be caused by the existence of various numbers of
uninfected cells among the cell population in every
standard passage.
Time course of appearance of the trypsin-

inducible infectious state of L cells after infection
with egg Sendai. It was of interest to pursue
the time course for L cells infected with egg
Sendai to acquire the infectivity for L cells by
trypsinization in direct comparison with the time
course of the formation of infectious virus for
chick embryos. Replicating tube cultures of L
cells were infected with egg Sendai at a multi-
plicity of 10. The washing procedure was the
same as described for the preparation of L Sen-
dai-1. At appropriate intervals, the tubes were
taken out and divided into two parts. After being
washed with PBS, half of the tubes were dispersed
by trypsin; the cells were plated on the monolayer
culture of L cells, and the resulting hemadsorp-
tion foci were counted on the 3rd day thereafter.
With the remaining half, the whole culture was
broken up by four cycles of freezing and thawing.
This was followed by centrifugation at 4,000 X g
for 15 min, and the supernatant fluid was meas-
ured for infectivity for chick embryos (Fig. 3).
The hemadsorption foci began to form between
11.5 and 14 hr after infection, this time being well
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FIG. 2. Freqlteiicy distributio)t of the number of
,fluorescent cells int the foci produced by trypsinized,
itifected L cells. The cover slip ciiltures of L cells
were inoculated witlh 2-day-old L cells at the 55tlh
standard passage after trypsinzizatioiz as described in
Fig. la. Immiitzo,huorescent stainitig was made at 36
hr (O) and 72 h1r (0) after inoctilation of the infected
cells, and,frequenlcy distribution of the number offlclo-
rescent cells in2 the,fioci was determined.

corresponded to the one at which the mature
virus starts to form. No hemadsorption foci were
formed when the cells, at 29.5 hr after infection,
were collected by vigorous pipetting instead of
trypsinization and plated on the monolayer cul-
ture.

Effect of freezing and thawing on the trypsin-
induced infectious state of L cells. The foregoing
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FIG. 3. Time course of increase of the trypsin-
iniducible infectious cells in comparison with virus
growth after infection of L cells with egg Sendai. The
tube cultures of L cells were infected with egg Sendai
at a multiplicity of 10 EID50 per cell and were divided
into two portions as described in the text. At the indi-
cated times, the cells from the one half were dispersed
by trypsin, diluted into MS, and plated on the mono-

layer culture of L cells in a petri dish. Hemadsorption
was made at 72 hr after infection, and the efficiency
of the formation of hemadsorption foci was calculated
(@). The remaining tubes were frozen and thawedfour
times, and the cell debris was removed by centrifuga-
tion at 3,000 rev/min for 5 min. The resulting super-
natant fluids were inoculated into chick embryos and

EID5o was determined (0).

results posed these questions. Why do the cells,
up to 11.5 hr after infection, not become infec-
tious for L cells by trypsin treatment? What is
the nature of the trypsin-inducible infectious
state? To answer these questions, the effect of
freezing and thawing on the trypsin-induced
infectious cells was studied.
The cells at the 74th standard passage were

dispersed by trypsin 2 days after infection and di-
luted fourfold with MS. Each dilution was divided
into two parts. One half was disrupted by freezing
and thawing, and the other half remained un-
treated. A 1-ml portion of each was inoculated
into a petri dish culture. The hemadsorption foci
were counted on the 3rd day, and the virus yields
were determined by measuring HA titer of the
culture fluid. As a control, the cells from the
standard passage were dispersed by means of
vigorous pipetting instead of trypsinization and
were then treated as described above (Table 2).

The growth of virus was significant only in the
dishes which received the cells treated with
trypsin. Freezing and thawing did not affect the
virus yield markedly. Typical hemadsorption
foci were obtained in the dishes inoculated with
the intact trypsinized cells. Freezing and thawing
abolished the formation of the typical hemad-
sorption foci. Regardless of the cell treatment,
hemadsorption occurred in a diffuse area when a
large number of cells (e.g., 10,000) were plated
which could easily be differentiated morpho-
logically from the typical foci. Although a small
number of discrete hemadsorption foci were
apparently obtained by freezing and thawing of
the cells, with or without trypsin treatment, they
were microscopically shown to be aggregates of
the disrupted cells.

These results would indicate that an integrated
form of the trypsinized cell is necessary to produce
the hemadsorption focus. Since freezing and
thawing of such cells did not affect the virus
yield significantly, the number of the trypsin-
induced infectious units seemed unaltered by this
treatment.

Inhibition of the focus formation by the anti-
viral serum. Considering that paramyxovirus
simian virus 5 is closely related to Sendai virus
and matures through budding from cell surfaces
(3) like other myxoviruses (5, 9, 19, 22), the
results obtained in Fig. 3 and Table 2 seem to
suggest that the real target of trypsin action is
the mature virus budding from the infected L-cell
surface. If this is the case, transfer of the infec-
tious agents from the trypsin-induced infectious
cells to the adjacent cells would be prevented by
the antiserum against Sendai virus.
The cells from the standard passage were dis-

persed by trypsin, and a 5-ml sample of MS con-
taining 300 cells was inoculated on the monolayer
culture ofL cells. At indicated times, 0.5 ml of the
antiserum was added to the culture at a final
dilution of 1 :100. After incubation for 24 hr, the
antiserum was removed; the monolayer was
washed with Hanks solution and fed with fresh
MS. At 72 hr after cell inoculation, the hemad-
sorption foci were counted (Table 3).
The antiserum completely inhibited the forma-

tion of the hemadsorption foci when added at
earlier times after cell inoculation. As the time of
addition of the antiserum was delayed, the inhibi-
tion became less pronounced although some
residual effect of the antiserum was observed even
at 28 hr under the given condition.

Direct effect of trypsin on the infectivity of egg
and L Sendai. The facts mentioned above (Fig. 3,
Tables 2, 3) are all compatible with the idea that
the target of trypsin is the mature virus. It has

VOL. 8, 1971 623



TABLE 2. Effect offreezing and thawing on the formation of hemadsorption foci

Treatment of cells before inoculation

Treatment for cell No. of cells With freezing and thawing Without freezing and thawing
dispersion inoculated per dish

Hemagglutinin No. of foci per dish Hemagglutinin No. of foci per dish
yield per ml No ffc e ih yield per ml

Pipetting 10,000 4 Diffusea 6 Diffuses
2,500 <1.5 24 <1.5 20

625 <1.5 12 <1.5 9
156 <1.5 4 <1.5 5

Trypsin 10,000 64 Diffusea 75 Numerousb
2, 500 8 25 24 Numerousb

625 2 18 4 260
156 <1.5 6 <1.5 80

a"Hemadsorption occurred in diffuse area but no discrete foci appeared.
b Numerous but discrete foci appeared.

been reported, however, that treatment of Sendai
virus with trypsin (Difco, 1:250, 0.1%) readily
released both the HA and neuraminidase from
the viron (17). In addition, in my preliminary
observations, the infectivity of egg Sendai was
reduced 1,000-fold by the same treatment with
trypsin as that used for the cell dispersion hitherto
described, and morphological integrity of the
virion was lost simultaneously. Accordingly, it
was thought that if trypsin acts directly on the
free L-Sendai virion to activate its infectivity for
L cells, the optimal concentration would be very
low.
To ensure the enzymatic action of trypsin, the

experiments were conducted hereafter with
crystalline trypsin. Egg and L Sendai were
treated, with various concentrations of trypsin.
Immediately after incubation for 10 min, the
virus-trypsin mixtures were diluted and assayed
for the infectivity for L cells by the immunofluo-
rescent cell-counting technique (Fig. 4).

In the range of the concentrations used, an
increase in the infectivity of L Sendai was noted.
Evidently, there was an optimal concentration to
induce the maximal infectivity. Trypsin at a final
concentration of 0.0004% caused about a 1,000-
fold increase. In contrast, there was no increasing
effect of trypsin on egg Sendai. The infectivity of
both viruses became rapidly inactivated at con-
centrations over 0.006%. It should be noted that
a very small fraction in the L Sendai preparation
was infectious for L cells without trypsin treat-
ment, which could be detected only by the immu-
nofluorescent cell-counting method but not by
the ordinary tube titration method.

Inhibition of the trypsin action by soybean
trypsin inhibitor. To verify that the restoration of
the infectivity of L Sendai was truly mediated by

TABLE 3. Effect of the antiserum against Sendai
virus on the formation of hemadsorption foci

Time of addition No. of cells No. of
of antiserum inoculated hemadsorption foci

after infection (hr) per dish per dish

0 300 0
1 300 0
7.5 300 31

20 300 56
28 300 92

No serum 300 231

the enzymatic action of trypsin, the effect of soy-
bean trypsin inhibitor was studied on the induc-
tion of a specific inhibition of the trypsin action
as described above.
An equimolar concentration of the inhibitor to

trypsin (0.0004%) was added to the reaction
mixtures of trypsin and L Sendai either at the
beginning or at the end of a 10-min incubation
period at 36 C. In a control experiment, the reac-
tion mixture was diluted in cold MS at the end
of trypsin treatment to reduce the enzyme level
below that shown to affect the infectivity.
As a result, the addition of the inhibitor to the

reaction mixture at the beginning of the incuba-
tion inhibited the trypsin action completely.
Time of maximal trypsin action. It became

evident from the preceding results that the trypsin
action was immediately halted by soybean trypsin
inhibitor. By using this inhibitor, therefore, the
optimal reaction time of trypsin at a given con-
centration for induction of the maximal infectiv-
ity of L Sendai was determined. L Sendai was
treated with trypsin at a final concentration of
0.0004% at 36 C. At the time indicated, the equi-
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FIG. 4. Effect of trypsin on the infectivity of egg
Senidai and L Sendai. Egg Sendai (0) and L Sendai
(0) were treated with various concentrations of crys-
talline trypsin for 10 min at 36 C. At the end of the
incubation period, the virus-trypsin mixtures were
diluted with cold MS. The infectivity for L cells was
determined by the immunofluorescent cell-counting
method.

molar concentration of the inhibitor was added
to the mixture.
An increase of the infectivity started, without

delay, after exposure to trypsin (Fig. 5). The rate
of increase was very rapid up to 2 min. Maximal
levels were reached between 4 and 10 min, and
the infectivity decreased thereafter at a slower
rate.

Comparison of the infectivity of L Sendai for L
cells with that for chick embryos after trypsin
treatment. Concerning the ratio of E1D50 to HA
titer, the value usually obtained was 104-5 with
L Sendai and 106 0 with egg Sendai, showing
some degree of defectiveness of L Sendai in the
infectivity for chick embryos. Therefore, it was of
interest to know whether trypsin treatment of L
Sendai also results in the restoration of the in-
fectivity for chick embryos.
The infectivity of L Sendai for chick embryos

INCUBATION TIME (MINUTES)

FIG. 5. Kinetics of enhancement of the infectivity of
L Sendai for L cells after exposure to trypsin. L Sen-
dai was treated with crystalline trypsin at a final con-

centration of 0.0004% at 36 C. Soybean trypsin in-
hibitor was added to the reaction mixture at the time
indicated. The infectivity assay was made by the im-
munofluorescent cell-counting method.

as well as for L cells was determined before and
after treatment with trypsin at a final concentra-
tion of 0.0004% for 6 min at 36 C, the condition
being suitable to induce maximal infectivity for L
cells.
A 10-fold increase of the infectivity for chick

embryos was obtained after trypsin treatment,
whereas the increase of that for L cells was over
1,000-fold (Table 4). It is worth pointing out that
the infectivity of L Sendai for L cells after trypsin
treatment reached the level of the infectivity for
chick embryos. If one assumes that 0.69 EID50 is
equivalent to 1 ElDloo, the titer for L cells is very
close to that for chick embryos. None of the
enhancing effect of trypsin was obtained on the
HA titer under the given condition. Since the
HA titer used in this experiment was 1:128, the
ratio of EID5o to HA titer was calculated to be
105-75 after trypsin treatment, a value being com-
parable with (if not exactly the same as) that of
1060- usually obtained from the egg Sendai prep-
aration. Therefore, with regard to infectivity, L
Sendai might have been activated almost in full
by trypsin treatment.

Effect of pretreatment of L cells with trypsin on
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TABLE 4. Restor-ationi of infectivity of L Sentdai
for L cells and for chick embryos after trypsin

Ireatmenlta

Infectivity per ml for Infectivity
Treatment of ___________ ratio
L Sendai I(L cell/L

cell Chick chick
embryo embryo)

None 104 30 10685 0.003
Trypsin (0.0004%/c, 6 10 5 107.85 0.47

min, 36 C)

a Infectivity for L cells was determined by the
immunofluorescent cell-counting method and
that for chick embryos by egg titration (E1D50).

the restoration of the infectivity of L Sendai. Al-
though the previous results have shown that the
restoration of the infectivity of L Sendai resulted
from a direct effect of the enzymatic action of
trypsin on the L Sendai virion, it was still neces-
sary to see whether trypsin affects L cells, thus
restoring the infectivity of L Sendai.
The cover slip cultures of L cells were pre-

treated with either 0.0001 or 0.0004% trypsin for
6 min at 36 C. After removal of trypsin, the cells
were infected with L Sendai in MS containing
soybean inhibitor, and immunofluorescent cell
counting was done. The pretreatment of L cells
with trypsin did not result in the restoration of
the infectivity of L Sendai at all, completely
denying the possible involvement of the direct
effect of trypsin on L cells in the phenomenon
under study.

Equilibrium density gradient centrifugation of
egg Sendai and L Sendai before and after trypsin
treatment. It has been reported that treatment of
Sendai virus with trypsin released its surface
antigens with concomitant loss of the surface
projections (17) and that extended treatment of
influenza virus with protease resulted in a density
change with concomitant loss of the surface mor-
phology (1). Preliminary electron microscopic
studies on L Sendai have shown that none of the
morphological changes occurred after exposure
to 0.0004% crystalline trypsin for 6 min at 36 C.
An experiment was designed, therefore, to see
whether change in the density occurred after
treatment of L Sendai with trypsin at the concen-
tration which induces the maximal restoration
of the infectivity.
An equilibrium density gradient centrifugation

of Sendai virus was made on a preformed gradi-
ent of potassium tartrate (16). Egg Sendai and
L Sendai could be successfully banded by cen-
trifugation in a short period of time at 100,000
x g. There was no change in the density by pro-
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FIG. 6. Sedimenitation diagram of egg Sendai (0)
antd L Seldai (a) before (top) and after (bottom)
trypsin treatment. Tlhe viruses were treated with
0.0004% crystalline trypsiln for 6 min at 36 C, a,id
the reaction was stopped by the additioii of soybeani
trypsini inhibitor. The samples were loaded on the top
of a linear potassium tartrate gradient (60 to 3%,c
w/v) anid centrifuged for 60 miii at 39,000 rev/mimt
in a Spiiico SW 39 head. Tlhe fractioni was the top to
the rig/it.

longation of the centrifugation time from 60 to
300 min.
Egg Sendai and L Sendai showed different

densities before exposure to trypsin, 1.174 and
1.207, respectively (Fig. 6). After exposure to
trypsin, both egg Sendai and L Sendai were dis-
tributed rather widely toward lower densities.
The peak fractions, however, were banded
almost at the same position as those before ex-
posure to trypsin. Although the data were
omitted for brevity, the density change occurred
after a single growth cycle in the respective hosts,
showing a type of host-controlled modification
as was the case in Newcastle disease virus (27).

DISCUSSION
Effect of proteolytic enzymes on enhancement

of plaque size and number has been described by
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several authors for enterovirus (28), reovirus
(29), myxovirus (2, 20, 23), and vaccinia virus
(6, 7). The effect of the proteolytic enzymes on

the virus-cell systems seems manifold and may
include the following: (i) the effect on the cell,
(ii) the effect on the virus aggregates, (iii) the
effect on the virus, (iv) the dual effect both on

the cell and virus, (v) the effect on the course of
the virus replication, and (vi) the effect on the
interferon.
Enhancement of reovirus infectivity due to

direct action of proteolytic enzymes on proteina-
ceous substance associated with the virion has
been suggested (24, 26). More recently, the
enhancing effect was shown to be attributed to
the removal of the outer capsid by the enzyme

treatment (25).
Enhanced production and serial passage of

parainfluenza type 4 virus (20) and Sendai virus
(12) in Vero cell cultures by incorporation of
proteolytic enzymes in the culture fluid were

reported. Similar enhancement by trypsin of the
infectivity of parainfluenza type 3 virus in HEp-2
cells was also demonstrated (21). Enhancement
by proteolytic enzymes of plaque formation by
parainfluenza type 4 virus on Vero cell mono-
layers (20) and by Sendai virus on chick embryo
cell monolayers (23) has been reported. In these
studies, however, the authors did not work with
the mechanism of the enhancement phenomenon.
To study the effect of the enzyme on a virus-

cell system, the agar overlay technique seems
unfavorable. Since continuous presence of the
enzyme in the agar overlay media results in a

continuous effect of the enzyme both on the cells
and the virus, the conclusions drawn may be
conjectural. In this respect, the Sendai virus-L
cell system is advantageous to disclose a direct
effect of trypsin on the virus for the restoration of
the infectivity: (i) the growth of the virus in L
cells occurs apparently by the one-step mecha-
nism; (ii), therefore, the immunofluorescent cell-
counting technique in the present system makes it
possible to enumerate the infectious particles for
L cells; and (iii) the use of soybean trypsin
inhibitor immediately induces the inhibition of
the trypsin action for the given phenomenon.

TIhe present study has clearly shown an en-

hancing effect of trypsin on the infectivity of L
Sendai for L cells. Obviously, there was an opti-
mal condition (0.0004%, for 6 min, at 36 C) to
induce the maximal enhancing effect. On the con-

trary, none of the enhancing effect was obtained
by the pretreatment of L cells with trypsin. These
results are in accord with the finding that Sendai
virus-infected L cells became infectious for L
cells by trypsin treatment only after the mature

virus started to form (Fig. 3). A possibility that
disaggregation of the clumps of L Sendai by
trypsin treatment is responsible for the enhance-
ment phenomenon is not likely because the
treatment of L Sendai with trypsin at 0.0004%
enhanced the infectivity 1,000-fold selectively for
L cells and only 10-fold for chick embryos, while
it did not affect the HA titer at all (Table 4).

Although the author did not work with chemi-
cals other than trypsin, specificity of the enzy-
matic action of trypsin for the given phenomenon
could be ascertained by an immediate inhibition
of trypsin by soybean trypsin inhibitor. How-
ever, the mechanism of the enzymatic enhance-
ment is still unknown. A possible explanation
for the given phenomenon is that Sendai virus
acquires an inhibitory substance in the course of
its multiplication in L cells. Without evidence of
the existence of such substance, the author is
inclined to call it a "masking substance" for the
sake of convenience. The masking substance
may be localized on the surface of L Sendai.
Treatment of L Sendai with a low concentration
of trypsin may inactivate it functionally or remove
it from the virion without affecting the morpho-
logical integrity and the infectivity of the virion.
None of the enzymatic enhancement was ob-
served with egg Sendai, suggesting that egg Sen-
dai is not associated with the masking substance
and is expressing its activity in full as far as the
infectivity is concerned. Since the infectivity of L
Sendai for chick embryos is higher than that for
L cells, inefficiency of the infectivity of L Sendai
due to the masking substance may be expressed
differently by the kind of cell to be infected.
As has been pointed out in the text, the immu-

nofluorescent cell-counting technique has re-
vealed the existence of the particles in the L
Sendai preparation, which are infectious for L
cells without trypsin treatment (infectious L
Sendai), in a proportion of 1 to 1,000 (Fig. 4).
There is circumstantial evidence to indicate that
the ability of the infectious L Sendai to infect L
cells is not genetically determined. First, the in-
fectivity of L Sendai has not been demonstrated
by the ordinary tube titration method on L cells,
where the CPE and the production of HA were
employed as an indication of the infection.
Second, a number of blind passages of L Sendai
on L cells have failed to recover the transmissible
agents. Third, the repeating trials to pick up a
plaque former on the L-cell monolayers have not
succeeded. In view of these facts, it may be
thought that L Sendai preparation consists of
the virus particles with various degrees of the
masking substance. Thus, the infectious L Sendai
may be either freed from or associated with the
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substance to a lesser extent than the majority of
the viruses. Upon infection with the infectious L
Sendai, L cells will produce the viruses again
with various degrees of the masking substance,
in which the majority of the viruses are not in-
fectious and only a small number of viruses are
infectious for L cells. As a consequence of that,
the infection of L cells with L Sendai will seem-
ingly terminate after one-step growth.

Density centrifugation study revealed a differ-
ence between egg Sendai and L Sendai in the
density distribution pattern. Egg Sendai may
gather much host component, probably of lipid
nature, which is not essential for the virion infec-
tivity. There was no difference in the density of
L Sendai before and after exposure to trypsin.
This may indicate that the masking substance
occurs in very small amounts, if it exists at all.
In addition, the fact shows that density variation
in Sendai virus is a type of host-controlled modi-
fication, supporting the work with Newcastle
disease virus by Stenback and Durand (27), and
suggests that variation in the density and the
infectivity is an independent indication of host-
controlled modification.
Change of Sendai virus in hemolytic activity

has also been attributed to host-controlled modi-
fication (10, 18). A study of the effect of trypsin
on the hemolytic activity of L Sendai is now in
progress, and the preliminary experiments have
clearly shown that trypsin treatment of L Sendai
gained hemolytic activity to a level comparable
to that of egg Sendai (manuscript in preparation).
Although the present data showed that the

treatment of L Sendai with trypsin is followed
by the activation of its infectivity for L cells,
comparative studies between trypsin-treated and
nontreated L Sendai on adsorption, penetration,
and uncoating processes should be made to
understand the trypsin-induced enhancement
phenomenon in the present system.
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